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Algoritb A sequence of logical steps used to obtain a
mathematical result.

Deemoprussin Obligation The total amount of discompression stop time
accrued at any ctim in a dive profile if ascent
were begun at that instaat at a specified rate.

Decompreeslon Schedule A listing sh1oving required decompression stop
depths anel ctop times for a particular bottom
depth/t!me dive at specified ascent and descent
rates.

EL-W 15/16 Real Time A computer p!ogram using the EL MK 15/16
decolpressiozr

Alsorit~n (ITA) model which will compute and update a divers
decompression obligation in real time. EL refers
to the exponeitial-linear version of the MK 15/16
ITA uising the VVAL18 NPTT table (see reference 3
for details).

PTT Maximum permissible tissue tension. The maximum
tension which -an be present in any tissue at a

given depth sut'h that decompression sickness will
not occur (see reference 3 for complete
description).

Multi-Level Dive A dive consattng of at least two dive segments
at different depths.

No Decompression Dive A dive spent at; a given depth within a time frame
that would alliw a diver to ascend directly to
the surface at a prescribed rate without
incurring an obligated decompression stop.

No Decompression Time The maximum time that can be spent at a given
depth such that ascent can be safely made
directly to the surface at a prescribed race.

SAD The shallowest stop depth at which none of the
current tissue tensions will be greater than
their respective MPMT. The SAD describes the
decompression status of the diver at any time,
and is included on the UDM display.

Underwater Decompression A microprocessor controlled device which tracks
Monitor (UDN) depth and time and uses this information to

compute decompression obligation.

viii



Abstract

The Navy Experimental Diving Unit (NIDU) 'erformed unmanned testing end
human factors evaluations on two prototype Underwater Decompression Monitors
(UD~s) which were programmed vith an NEDU developed decompression algorithm.
Testing vas designed to evaluate UDK hardware, and to recommend suitability of
the UDMa tested for Approval for Navy Use (AIIU) status. The approved UDM
models could then be programed vith any suitable decompression algorithm.

The six U.S. Navy prototype ORCA UDds tested at NEDU suffered from
reliability problem as a result of water leakage into the case and failures
of the pressure transducer, and several important U.S. Navy specifications
were not provided on these units. As a result of these discrepancies, these
units were not submitted to the full test cycle. The DIVETRONIC UD~n provided
acceptable depth and profile tracking accuracy in a wide temperature spectrum,
and are recommended for ANU with display modifications.

IMY WORDS:

computer algorithm
constant partial pressure
EL-W 15/16 RTA
MK 15 MOD 0 UBA
MK 16 MOD 0 LBA
multi-level diving
no-decompression dive
decompression dive
repetitive dive
SAD
warning status
underwater decompression monitor (UDM)
NEDU Test Plan 85-37
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Traditional U.S. Navy decompression procedures are presented in printed
tables in uhich the masiimu depth attained at any time during a dive along
with the total dive time are uced to choose the appropriate schedule.
ProcQduros for giving credit for time spent at the surface breathing air are
given in repetitive dive tables but no procedure was available for doing
multiple level dives until the advent of the Combat Swimmer Multi-Level Dive
(CSID) procedures (reference 1). However, these procedureo are not only
cumbersome but also require oxtensive record keeping. In order to develop
procedures better suited to the complicated multiple level/repetitive diving
of the Naval Special Warfare Combat Swimmer, NEDU baa been developing computer
algoritlms which can compute not only standard decompression tables but also
decompression schedules in real time. The intention has been to program these
algorithms into a small diver carried Underwatar Decompression Monitor.

The Underwater Decompression Monitor (UDM) is a microprocessor controlled
device which tracks depth and time and uses this information to compute
decompression obligation. The goal of UDM dzvelopment has been to provide an
accurate, reliable, and maintainable instrument for use by the Naval Special
Warfare Community an part of the SEAL Support System (SSS) package. Use of an
approved UDM will enable long duration, multiple depth diving to be
accomplished safely without the unduly restrictive decompression requirements
incurred when conventional tables are used. Additionally, the UDM should
prove to be much simpler to use, allow dives of unlimited multi-level
complexity, and provide greater decompression profile accuracy than the CSMD
procedures.

II. ALGORITHM FUNCTIONING

A. Ikg onmd. The basis of a computer algorithm for doing real time
decompression schedule calculation is a set of mathematical equations which
compute decompression obligation based on the depth.'time profile. The only
external input required is actual depth and elapsed time. The U.S. Navy
development has chosen to sample depth at 2 second intervals, and compute and
display decompression obligation at this interval. Once dpyslaped and tested,
the algorithm could be used in any computer capable of spwpling depth. Also
the same algorithm could be used to compute a set of standard decompression
tables for standard dive profiles.

B. EL-MK 15/16 RTA. Development of computer algorithms which can be
implemented into a UDM is discussed in references 2 through 4. The basis of
the algorithms is given in these references. Phase I and II testing of
decompression algorithms resulted in the promulgation of the first U.S. Navy
approved version which was the combined result of 678 man dives. This
algorithm was designed to compute real time decompression schedules for the
MK 15 MOD 0 underwater breathing apparatus (UBA), or any UBA which controls to
a mean P0 2 of 0.7 ATA or above, as long as it warns the diver when the P02
falls to 0.6 ATA or lower and uses nitrogen or air as a diluezLt. Because the

MK 16 MOD 0 UBA functions identically to the MK 15 MOD 0 UBA in that it



electronically controls the P02 to a preset value independent of depth using
any desired inert gas as a diluent, the real time computer algorithm is
referred to as the ZL-M 15/16 Real Time Aldorithm (RL-MK 15/16 RTA). EL
refers to the exponential-linear version of the i• 15/16 RTA using the VVA•18
NMT Table (reference 3). This algorithm was used to compute a set of
conventional diving tables for use until a UDM was available. It was the
L4K lV/16 ETA that vas implemented into the prototype UDM models which are

the subject of this report.

C. UR. The ZL-IW 15/16 RTA provides ultimate dive flexibility by
constantly updating the dec.omprerseion requirements and providing a
decompression schedule Ideally suited to a particular depth/time profile for a
particular UBA. Any combination of unplanned excursions can be performed
without losing track of decompression obligation. It performs this function
by monitoring 4epth every two seconds and using this value to update the gas
tensions in the nine theoretical half time tissues using a set of gas uptake
and elimination equations. Updating of tissue tensions continues over the
entire course of the dive, and at any given time the nine tissve tensionms
reflect the culative Sas tension for the entire preceeding dive profile.
The algorithm then compares these tissue tensions with the ascent criteria
which are maxim=u permxssible tissue (inert gas) tensions (MITT) at each of
the 10 FSW incremental stop depths. The algorithm determines the shallowest
stop depth ac which none of the current tissue tensions will be greater than
their respective MMTT. This depth is displayed as the safe ascent depth (SAD).

The SAD is displayed concurrently with the divers actual depth. It is the
SAD which describe@ the decompressicn status of the diver at any time. As
long as the diver remains below the SAD* he is not violating any ascent
criteria. To decompress from a dive involving a decompression stop
obligation, the diver ascends to the displayed SAD and waits for the SAD to
decrement to the next 10 FSW shallower stop. By matchtng his depth to the
displayed SAD, the diver will eventually decompress to the surface. Once on
the surface, as long as the UDM remains on, it will continue to update his
tissue tensions so when he re-enters the water, all previous dives and surface
intervals since the UDM was turned on are taken into account.

D. Diver on Surface. The EL-MlS/16 algorithm is designed to assume that
the diver is breathing air any time his depth is 3 FSW or less, so the diver
need take no action when he surfaces and begins breathing air.

E. Warning Status. Algorithm development testing was done within a
certain depth/time domain and when the diver ventures outside of that domain
the likelihood of decompression sickness (DCS) occurring is unknown. For
instance, the maximum depth/time single dive profile which was tested
initially was 150 FSW for 30 minutes. The diver should be warned if he
exceeds that limit. Initially, analysis of all tested depth/time profiles
shoved that at the limits of the tested depth/time domain the tissue tension
of the 40 FSW tissue was just 77 FSW. It was also shown that divers never
went below 30 FSW during repetitive or multiple level dives as long as the 40
FSW tension was above 48 FSW. So, in the initial phases of the algorithm

2
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devolopment,t the diver was warned he was outside of the tested depth/time
domain by having the SAD display blink whenever the 40 FSW tissue tension
exceeded 77 FSW. At this point the diver was to ascend to a depth of 30 FSW
or shallower and ramain there until the 40 FSW tissue tension fell below 48
FSW at which point the SAD stopped t'.1-king.

These 40 minute tissue týnsion criteria were incorporated into the
prototype UDM's because a more appropriate set of criteria had not yet been
developed. The final version of the EL-MK 15/16 RTA used a different set of
offgassing equations than the initial version and the 40 FSW tissue tension
warning status criteria are now too conservative. This will be corrected in
the final version of the algorithm which will be programmed into production
models. Also, the warning status criteria will change as more experience is
gained with the algorithm but the goal will be the same, to warn the diver
when he is outside of the tested depth/tIme domain. However, it should be
kept in mind when reading this report that the points in the dive where the
warnýrn status turns off will be different in the production version of the
UDM. The warning status as currently implemented will requ" . spending more
time shallower than 40 FSW than required.

It must be remembered that activation of the warning s 'Sý in no way
affects computation of the decompression schedule. The a'A., t-411

continue to update the divers decompression status in a n¢- ..- even
though the warning status has activated. The safety of tl -a" will not
change suddenly once the tested limits have been exceeded ' will
have a safety margin from the time the warning status is ', = til they
are in areas which might have on increased DCSincidencc. • cy margin
allows the UDM to be used right up to the limits at whicL s .. • status
is activated; no additional safety margin is needed.

F. Hardware - Software Interaction. The testing des. is report
was designed to test the UDM hardware. The UDM is a mic h4it. a-
pressure transducer input capable of being programmed .
algorithm. However, in order to properly test the hardw, -.et te
programmed with an algorithm whose characteristics are • ried.
This algorithm must test all hardware features and func, :e testing is
complete, the UDM could be programmed with any algorithm cursory
testing to ensure it was properly programmed would be ne

In the testing described in this report the UDM's we with the
EL-MK 15/16 RTA as currently implemented. This same algc - :ogrammed
into a Hewlett-Packard (HP) 1000 M series computer which , . standard
to which the UDM's were compared. In particular the follc ,.are
functions were tested which are independent of the algori .(gram
the UDM'

Deuth Accuracy: This is algorithm independent and c.rnparing
the depth as (aplayed by the UDM to a standard of -'"racy.

~pe._rature Sensit~vity: This is algorithm in,*
designed to see if the UDM will maintain depth - 41Ictioll
properly over a wide range of temperatures.
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Battery Duration: This is algorithm independent and designed to
define battery duration under a variety of conditions.

Mud Test. Drop Test. Watertight Intearity: These are tests of
ruggedness and are algorithm independent.

The set of tests described below test the functioning of the
microprocessor itself. The algorithm was initially developed using the
FORTRAN programing language on an HP 1000 computer. When programmed into the
UDM, the logic remains the same but the programming language is different.
Not only must the ability of the microprocessor to activate the various
displays be tested, but the ability of the programming logic to be correctly
executed in this new environment must be tested. Also the ability of the
microprocessor to properly function under operational conditions must also be
tested. This testing was as follows:

Profile Tracking. Decompression Dives: This simply compares the UDM
profile to the HP 1000 standard. If the profile is appropriately
computed for the UDM depth input then the logic of the algorithm is
functioning properly. This test is performed after the UDM has been
subjected to a number of environment and ruggedness tests to ensure
the microprocessor will function properly under real world conditions.

Profile Tracking. Repetitive No-Decompression Diveg: This not only
tests the logic of the program but also the proper switching of the
UDM from the 0.7 ATA constant P0 2 mode to the air mode at the
surface. It also spot checki the surfacing maximum permissible tissue

.tensions.

Profile Tracking. Repetitive Decompression Dives: This performs the
same basic function as the previous tests but under longer more
extreme conditions. It additionally tests the ability of the
microprocessor to accurately compute stop times and total time to
surface after a surface interval.

Warning Status Test: While the above tests will activate the warning
status, it was of secondary importance and warning status changes may
not have been accurately recorded during the actual UDM warning status
test phase. This test focuses primarily on exactly when the warning
status turns on and off.

While the above tests are extensive, they cannot test alJJ aspects of the
UDM microprocessor. If Ell of the above tests are performed satisfactorily,
one can have a high level of confidence that the gas uptake and elimination
logic and warning status logic are functioning properly. However, the
algorithm uses a table of some 900 maximum permissible tissue tension (MPTT)
values and, using the above tests, only a small fraction of these are tested.
Thus, there could be some of these MPTT values which have been improperly
entered which will remain undetectable. The only way of picking up this type
of problem is to have a method of actually reading the microprocessor memory.
This requirement will be discussed later.

4



III. EOUIPMENT rESCRIPTIO!

A. U.S. Navy Specifications. A procurement invitation for commercial
development of a diver carried underwater decompression monitor was solicited
for vendors who already had "production or near production" UDM hardware. The
purchasing concept was to test and evaluate commercially available UDMs which
when successfully tested would be classified "Approved for Navy Use" (ANU).

The unit sought was a small, self contained unit which can be attached to
the wrist or forearm of the diver by velcro fasteners, and capable of updating
a divers decompreasion status every 2 seconds using algorithms furnished by
the government. The'unit must display information necessary to safely
decompress the diver and also useful information for dive planning. The
displays must be readable in turbid water to a distance of 2 feet. The unit
should be reasonable easy to maintain. A list of hardware specifications is
provided below:

1. General:

All parts to meet specifications for acceptability aboard nuclear
submarines.

2. Cas:

Must be water-proof and dark colored.

Buoyancy - at least 3 oz. negative.

Fasteners - fastens to wrist or forearm with Velcro fasteners.

Identification - color to differentiate between various algorithm
coding, must be semi-permanent for change if unit is
programmed with different algorithm..

Size - no more than 20% larger than current prototype, as follows:

WRIST

STRAP7

4'

1T1/4'

5



3. Aecuraey. rane. and Duration:

Duration - 12 hours with all displays on and fully illuminated
at 29-93*r.

Depth Range Accuracy - 0-230 FSW * 2 FSW from 29-930F.

Maxivuu Depth - 500 FSW.

4. lMer2proSSaAUr:

Rzternal input - depth from pressure sensor.

Calculation Accuracy - greater than 23 bit fraction floating point.

Clock accuracy - less than 1 second deviatton/hr 29-930F.

Memory - greater than 3K (current estimate of maximum program
size).

Reprogramable or replaceable RON upon disassembly.

Display output available fromi edge connector on circuit board for
atceptance testing and maintenance (this allows accerate
monitoring of all display functions during testing without having
to visually check all units).

5. flgLU: All displays under .progrJm control.

6. LM: Ilaminated background LCD continuously on with system
on/off witch.

7. Dtenlav feadouta and Lights: LEDs or backlit LCDs.

Depth - in feet (3 digits).

Safe Ascent Depth (SAD) - 2 digits (100's, 10's) feet (hundreds
and tens digits of SAD directly under hundreds and tens digits of
DEPTH readout).

Total time of dive (4 digits) hours, minutes (elapsed time since
first excursion below 3 FSW).

Total ascent time (4 digits) hours, minutes (total decompression
time required from current depth directly to the surface).

Time at stop miuutes (2 digits) (total time required at current
stop depth until SAD decrements tc next shallower stop).

Red light - activated if 1 FSW or more shallower than SAD.

6



Green light - to indicate algorithm compliance (safe to move).

Battery - voltage level indicator.

8. Maintenance Feature&:

"* Battery pack replacement or rechargeable.

"* Disassembly of electronics from case.

"* Easy replacement of RON (socketed).

"* Pressure transducer threaded to accept standard fitting (for
external pressurization).

"* Removable plug for leak checks. (This would be connected to a
standard fittIng so that the interior pressure within the UDM
could be monitored while pressurizing the UDM in a chamber. A
pressure gauge attached to this vent line external to the
chamber would register any internal UDM pressure increase, thus
signifying a leak in the UDM case. This allows leak checks
without the risk of flooding the UDM interior with water.)

B. 1n cr . Procurement bids were accepted from three
manufacturers, listed as follows:

ORCA Industries, Inc.
495 Bellevue Road
Diamond State !ndustrial Park
Newark, DE 19713

Divatronic instrumauta
Aktiengesellschrafft
Postfach 159, FG 9494 Schaan
Liechtenstein

Tekna/S-Tron
101 Twin Dolphin Drive
Redwood City, CA 94065

Six prototype units were received from each manufacturer. Testing of the
Tekna prototype UDMs was not complete at the time of report production.
Evaluation of these tuits will be the subject of another report.

C. Functional Specifications Supplied by the Nanufacturer

1. ORCA UDM. The ORCA Prototype '3DM is a modification of a
commercially available product, the ORCA "EDGE" (Electronic Dive Guide).
Primary modifications involve inclusion of the U.S. Navy EL-MI 15/16 RTA,
modification of the pressure transducer to monitor depth to 230 FSW, and
changes in the display information and display functioning per U.S. Navy
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spseificittions. An illustration of the ORCA Prototype UDM is provided in
Figure 1. Actual specifications are provided below. A further discussion of
actual specifications including an unanned dry human factors evaluation is
provided as Appendix H.

Case Size: rectangular in shape measuring 18.3 cm(L) x 7.4 cm(H) z
3.4cm(W).

Case Material: anodized, cast aluminum alloy

Case Color: silver polyurethsne paint or matte black powder coat
finish

Straps: VelcroG 12.1 x 40 cm. Slotted throuih four 1.9 cm long
stainless steel pine on the bottom of the case

Display Screen Size: 5.2 cm x 4.3 cm, covered by a glass face
recessed 0.4 cm below front edge of case

Display Lettering Type/Size: DOT matrix LCD, 0.8 cm(H) x 0.5 cm(W),
colored black on a grey background

Display Information Available: total time of dive (hours:minutes),
present depth (FSW), safe ascent depth (PSW), time at stop
(hours:minutes), total time to surface (hours:minutes)

Battery: 9 volt alkaline

Low Battery Indication: blinking asterisk appearing on display
changes to a blinking "B" (on for one second, off for one second)

On/Off Switch: magnetic flip-switch, plastic, 4.1(L) x 0.6(W) x
0.5 cm, small detent with nub extending out 0.1 cm from the switch
providing a friction hold device

Weight: 757 gram. with one battery and two wrist straps installed

The following U.S. Navy specification. were not provided on the ORCA UDM,
as detailed in a letter of exception from the manufacturer:

Display output available via edge connector on circuit board.

Removable plug for leak check.

Display backlighting; manufacturer claims external lighting could be
designed, or internal lighting included on a production run.

Pressure transducer threaded to accept standard fitting; manufacturer
claims external fitting with o-ring seat could be designed.
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Figure 1. ORCA Prototype UDM

9



Red light violation, green light compliance; this function performed
by displaying icons on the display.

Eprom socketed for ease in chan~ing algorithm; vacuum solderer
required to execute this function.

2. Divetronic UDM. The Divetronic UDM is a modification of a
commercially available product, the Divetronic Decobrain II. Primary
modifications involve inclusion of the U.S. Navy EL-MK 15/16 RTA and changes
in the display informatioa and display tunctioning to meet U.S. Navy
specifications. A backlighting switch was also supplied per U.S. Navy
specifications. An illustration of the Divetronic Prototype UDM is provided
in Figure 2. A comparative illustration of the Divetronic, ORCA, and Tekna
UDM is provided in Figure 3. Actual specifications are provided below. A
further discussion of actual specifications including an unmanned dry human
factors evaluation is provided vs Appendix I.

Case Size- 14.5 cm wide by 8 cm tall by 11 cm deep

Case Material: injection molded contoured black plastic

Case Color: Black; gray display face molding

Straps: Two rubber straps with steel buckles, each threaded through
two stainless steel pins in the case body used to connect the unit to
the arm of the user. Straps are 2.4 cm wide and 35 cm long.

Display Window: 10.5 x 6.0 cm. Total time of dive, depth, and total
time to surface are three u'parate LCD displays, each measuring 3.9 x
1.3 cm. Safe ascent depth and time at stop are two separate LCD
displays measurir.g 1.9 x 1.3 cm.

Display Lettering Type/Size: grey display face label containing
graphics of various colors and sizes surrounding five liquid crystal
display (LCD) and three light emitting diodes (LED)

Display Information Coutinuously Available: total time of dive
(minutes), present depth (FSW), safe ascent depth (FSW), time at stop
(minutes), total time to surface (minutes)

Battery: five rechargeable NICAD batteries in a single self-contained
replaceable power pack. Sliding magnetic switch activates display
backlighting.

Low Battery Indication: all LCD lettering blinks on and off

On/Off Switch: pull and turn plastic power switch, beige in color,
4.1 cm in length, protrudes 1.0 - 1.2 cm from case, spring loaded
positive action control
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Figure 2. DIVETROMIC Prototype UDM
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Figu, DIVETRONIC, ORCA, and TEKNA Prototype UDMa
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FC!
Weight: 2 lbs. 3 ozas. (992.1 &ram) in the dry with batteries and
wrist straps installed.

The folloving U.S. Navy specifications were not providel on the Divetronic

Di.play output available via edge connector on circuit board.

Removable plug for leak chack.

Valelr fasteners to attach unit to users forearm. Rubber straps used
instead.

Battery voltage indication. Not provided when submerged.

Total time of dive, time at stop , total time to surface provided in
hours and minutes. This display information provided in whole minutes
only.

Pros socketed for ease in changing algorithms.

Safe ascent depth display in 2 digits (100'el 10's); display only
capable of shoving 2 digits (10's, l's).

Green ligl-t compliance feature functional per U.S. Navy specifications.

Depth capability 0-230 FSW; pressure transducer "pegs out" at depths
from 211 to 222 FSW.

IV. TEST 2ROCEDUH

UDK testing was conducted per H&VSEA Task 84-04. Figure 4 illustrates the
test equipment set-up. A small 31 hlehem 1000 psig unmanned test chamber was
used to pressurize UDMs to depth. Each UDM was immersed in a saltwater bath
in which glycol van added to prevent freeze up during cold water tests. A
Hewlett Packard (HP) 1000 M-series computer was used to tabulate test data and
compare UO) algorithm fumctioning with the EL-MK 15/16 RTA contained within
its programming. The real time decompression schedule computed by the HP 1000
computer using the MK 15/16 RTA was the standard to which UDM profiles were
compared. A Heise model 711a digigauge calibrated within ± 0.l% of span
(1,000 FSW) was used for visual monitoring of chamber depth. A Validyne model
No. CD23 digital transducer which was calibrated against the Heise digigauge
was used to supply depth readings to the HP 1000 computer. UDM chamber
temperature was monitored throughout the test. UDN display information was
monitored either visually through the chamber port or via a video camera with
remote display. During testing, UDM depth and SAD information was manually
entered into the HP 1000 computer via a modified input box attached to the
terminal keyboard. This led to slight inaccuracies in correctly entering all
UDM status changes. This problem would be eliminated in future models by
requiring an interface so UDM display information can be monitored directly by
another computer.
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A. TestImln. Appendix A provides the rest plan used as a guideline for
the test series. UDM testing was conducted to assess pressure transducer
accuracy and stability, and profile tracking per the EL-NM 15/16 RTA. A
temperature sensitivity evaluation was conducted by running the pressure
testing at 29* and 936F. Watertight integrity was assessed by disassembling
the units in order to check for leakage prior to ane at the conclusion of a
500 FSW and 230 FSW watertight integrity test and at any time that a unit
failed to function. A human factors evaluation was conducted to assess
readability, display functioning, ease of operation, and buoyancy.

1. Test One: Pressure Transducer Accuracy/Temperature Sensitivity.
Six umits at a time were placed in the Bethlehem chamber and dove to 230 FSW,
stopping at 10 FSW increments for as long as required to manually record UDM
depth readings. The UDMs were imrersed in t saltwatar bath in which glycol
was added to prevent freeze up. Each unit was tested in this manner at 930F
and 29"F water temperature. Six dives were plotted on each unit at each water
temperature. UDM depth readings were compared to chamber depth to assess
pressure transducer accuracy. Development of test procedures, test equipment
set up, and test technician training required work up dives which resulted in
more than six dives at each temperature actually being conducted. Actual
number of dives and accumulated dive times are provided in the results section.

2. Test Two: Long Term Stability/Temperature Sensitivity. Six
units at a time were placed in a saltwater bath in the Bethlehem chamber and
dove to 230 FSW, stopping at 50 FSW Inc•rments for 30 minutes and 230 FSW for
30 minutes. UDM depth readings were recorded at the beginning and end of each
30 minute stop. Each unit was tested in this manner at 930F and 29OF water
temperature. Six dives were plotted on each unit at each water temperature.
UDM depth readings were compared to chamber depth and were evaluated for
stability during the 30 minute stops. Development of test procedures, test
equipment set up, and training of test technicians resulted in more than six
dives at each temperature actually being conducted. Actual number of dives
and accumulated dive times for each unit are provided in the results section.

3. Test Three: Battery Duration. Battery duration tests were
conducted at the conclusion of pressure transducer and profile tracking tests,
and included an evaluation of the low battery warning function.

a. ORCA UDM. Three battery duration tests described below were
conducted on four of the ORCA UDM prototypes due to disabled displays on two
units prior to the battery test phase. Battery testing was conducted at 1
ATA, and included testing of both the olive drab BA-90 Eveready Mil Spec
battery and standard commercially available Duracell ,lN1604 9 volt alkaline
battery. The ORCA UDM provides a low battery warning by a blinking "B" on the
upper right hand corner of the display (one second on, one second off). Low
battery warning and battery depletion times were rounded off to the nearest
half hour.

(1) Phase I. ORCA UDM battery duration test, Eveready BA-90
battery. Two UDMs were tested with batteries installed immediately after
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removal from the freezer. Two units were tested with batteries maintained at
room temperature prior to installation. Times of low battery indication and
battery depletion were recorded. Battery depletion always resulted in a blank
display.

(2) Phase 11. ORCA ME battery duration, test, Durecell
battery. Two UDK@ were tested with batteries which were installed imediately
after removal from the freezer. Two unite were tested with batteries
maintained at room temperature prior to installation. Times of low battery
indication and battery depletion were recorded.

(3) Phase III. ORCA UDI battery duration test, freezing
conditions. Two vrite with unfrozen (roos temperature) BA-90 Rveready
batteries installed and two units with unfrozen Duracell batteries installed
were turned on and placed in a freezer at 106F until battery depletion
occurred. Times of low battery indication and battery depletion were recorded.

b. Divetronic UDM. A single Divetronic UDK (889) suffered a SAD
display failure prior to the battery duration test phase, but still provided a
low battery warning and other display functioning which allowed this unit to
be tested for battery duration along with the other five Divetronic
prototypes. A total of five different tests as described below were
conducted. raeting was conducted at 1 .AU, except for Phase II, which
included an initial dive to 15 7SW for'24 hours, and Phase I11, which included
multiple short dives. Testing included backlithting on and backlighting off,
as well as 4 hour and 5 hour charge times, and various intervals between
charg.'g and power activation. Phase V evaluated battery duration in freezing
conditions. The Divetronic UDK provides a low battery warning by blinking all.
LCD numerals on the display.. Times of low battery indication and battery
depletion were rounded off to the nearest half hour.

(1) Phase I. Backlight on battery duration test, power
activation 24 hours after charge. All units were drained of power and charged
for 5 hours. 'wenty-four hours had elapsed after charging prior to starting
the test. Power ana lightir% were left on continuously and the units observed
for low battery warning indkcation and power depletion. Battery packs were
considered depleted upoa observation of obviously incorrect display data,
erratic display informatioa, or blank display. Elapsed times to battery
warning and battery depletion were recorded.

(2) Phase II. Backlight off battery duration test, power
activation 24 hours after charge. All units were drained of power and charged
for 5 hours. Twenty-four hours had elapsed after charging prior to starting
the test. Power was turned on but backlighting was not activated, and all
units were observed for low battery warning indication and power depletion.
Elapsed times were recorded.

(3) Phase III. Backlight off battery duration test, power
activation 72 hours after charge. All units were drained of power and charged
for 5 hours. Seventy-two hours had elapsed after charging prior to starting
the test. Elapsed time to low battery warning and power depletion were
recorded.
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(4) Phase IV. Backilhlg- off battery durat
activation 120 hours after charge. All units ware drained,
charged for 4 hours. Manufacturers recommended charge tim, hos,
A 4 hour charge time coupled with 120 hours elapsed time f charge
to test start up was conducted to evaluate these two worst
Elapsed times to low battery warning and battery depletion - , d.

(5) Phase V. Backlight off low temperatuv., .ar. tion
test. All units were drained of power and charged for 4 hoi - ty-"')ur
hours had elapsed after charging prior to starting the test, , /!.l
units were placed in a freezer at 100F until power depletion. .
Elapsed times to low battery warning and battery depletion we-( ,•

4. Test Four: Profile Tracking. If the UDM pressure tt's• .
monitors the same depth as the Hewlett Packard (HP) 1000 M-series comDuw-.:
the UDM decompression schedule should be the same as thz HP 1000 ý,ecompr0 Iion
schedule, providd the UDM had been programmed correctly. This test was
designed to determine whether any deviations which occurred were the resul of
programming errors rather than pressure transducer depth inaccuracies.

In order to confirm that the UDM's had been correctly p","grammed, the 'IDI.,
depth and the depth monitored by the HP 1000 computer had to be exaccly'Le
same. Since depth errors of up to 4 FSW were noted during p. .G raduee•
accuracy testing, a modification to the test procedure had tco be s,.d •o tl.,

the UDM and HiT 1000 depth coincided. This was done by adjuc'ing tbe Vid'e
pressure triusducer so that the HP depth was the same as UDM depb. t .
both UDM depth and SAD had to be mmnually entered into the HP 1000, oma:. ne
UDM could be tectGl at any given time, jimply because the technicians co°'.
not keep track oi eaty m'we. The time required to complete this phase of
profile tracking was therefore lengthened considerably.

Manual adjustment of the Validyne digital transducer and manual
programming of UDM depth and SAD information into the HP 10CO compu'ter during
dive conduct resulted in a variable level of himan error which Lopacted on the
precise accuracy of test results. Techrnician error was kept to . ninimutm by
careful training and by utilizing two technicians on each dive whf:! . 3equired,
especially during long or deep dives. When noticeable humtan er.ai occurre-i
which adversely effected test data accuracy, the dive was cbort¶!d Urd
restarted. Aborted dives also occurred during the pressu•,• trauavler teC
phase, and resulted In considerably more hours being logged on each. UDM than
the test data enclosed in this report indicates. Aborted di'es increased the
time required to complete testing, but resulted in an improved evaluation of
UDM reliability under long term handling and repeated preessurization. The
element of human error will continue to be a factor which effects the precise
accuracy of UDM testing until a method of direct interrogazion of UDM
programming is developed. Overall, manual programming of test data as was
done in thia test series, while time consuming, is considered to be
sufficiently accurate to document UDM performance with a reasonable degree of
reliability, as indicated by the consistency and repeatability of test
results. However, an accurate and reliable method of monitoring U1DM display
functioning will have to be provided for checking fleet issueC UDM's on a
periodic basis.
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Dive profiles which involved d.compression followed the profiles as
computed by the UDN'e. In many cas-t this required ascent to the next
shallower- decompression stop or to the surface sooner than would be allowed by
the HP 1000 computer (EL MK 15/16 ETA) dtecompression schedule. As long as the
algorithm is computing a decompression schedule for a constant 0.7 ATA P0 2
breathing gas, the rate of gas elimination will be independent of depth. Thus
even though the HP 1000 SAD was deeper or shallower than the actual depth
during decompression, the time to the next SAD decrement (stop time for the
next shallower stop) would be unaffected. This meant that the standard
profile to which the UDN was being compared was unaffected and remained
unchanged to the surface.

Warning status was recorded during all of the profile tracking test as
well as during tests which focused primarily on warning status changes. This
gave a more comprehensive evaluation of warning, status functioning.

The following profile tracking tests were conducted:

a. Repetitive No Decompression Dives. When a diver is using the
UD14, there may be occasions when he may be at the surface breathing air for
various periods of time. In order to provide for surface intervals briathing
air, the algorithm assumes a P02 of .21 ATA whenever the depth is less than
3 FSW. If a diver should breathe his MK 15 MOD 0 UBA while on the surface,
this would not be a probl.em'because the P0 2 in the breathing gas of the UBA is
higher than that being assumed by the algorithm. Once the depth increases
below 3 FSW, the algorithm assumes the P02 is .7 ATA. The repetitive dive
test is designed to evaluate the UDMs switch from P0 2 of .7 ATA to a P0 2 of
.21 above 3 FSW ýs well as to evaluate UDN repetitive no decompression dive
profile tracking accuracy. This test also provided data on single no
decompression ditves, therefore a separate test series on single no
decompression dives was not conducted. The test profiles are as follows:

(1) 60 FSW No Decompression
1 Hour Interval at 2 FSW
120 FSW No Decompression

(2) 60 FSW No Decompression
1 Hour Interval at 5 FSW
120 FSW No Decompression

Each unit was tested once on each of the above profiles at 290F water
temperature. UDM depth and SAD values were manually entered iutc the HP 1000
computer throughout the dive for e. comparison of UDM algorithm functioning to
the FL MK! iS-!16 RTA programmed into the HP 1000 computer.

b. Decompression Dives. Each unit was tested on each nf the
prcfiles listed below at 290F water temperature. Each unit was also tested or,
profilc (1) at 93*F. UDM depth and SAD values, as well as warning statur
f-Mctioning information was manually entered into thE HP 1000 computer
throughout the dive for a comparison of UDM algorithi• functioning to the
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EL MK 15/16 RTA programed into the HP 1000 computer. Although 175 FSW is
deeper than would be dove operationally, the 175/60 profile was tested because
it uses most of the MPTT values in the algorithm.

(1) 175 FSW 60 Minutes

(2) 150 FSW 30 Minutes

c. Repetitive Decompression Dives. UDM depth, SAD and warning
status information is charted in the same manner as previous profile tracking
tests. Each unit was tested on the following profile at 29°F water
temperature.

(1) 150 FSW 30 Minutes
1 Hour Surface Interval
150 FSW 30 Minutes

d. Warning Status Test. The warning status test originally
planned as described in the test protocol in Appendix A-1 proved to be
unworkable. The test was modified as follows:

Descend to 150 FSW 60 minutes. Enter time UDM SAD flashes
into HP 1000/computer.

Decompress to 30 FSW Enter time SAD secures flashing on UDM
into HP 1000 computer. Verify that
HP 1000 computer warning status
indication is off.

Descend until UDM SAD resumes flashing and HP 1000 computer
warning status is activated. De not exceed a maximum depth of 150
FSW. Enter time UDM SAD flashes and verify that HP 1000 warning
status is activated.

Ascend to surface, skipping all decompression stops.

UDM depth, SAD, and warning status information is charted in the same
manner as previous profile tracking tests. This test was conducted at 290F
water temperature.

5. Test Five: Mud Test. Black, sandy mud was obtained from a slough
which had its outlet at the Naval Coastal Systems Center, Panama City,
Florida. By ultraviolet examination, it was determined that the mud was
oil-free. &ll six Divetronic units were completely submerged in this mud for
43 hours prior to pressuring the units to a depth of 158 FSW for 1 hour 40
minutes in order to "pack" the pressure transducer. None of the units were
turned on at this time. Immediately prior to the test, the UDM displays were
cleaned without affecting the condition of the pressure transducers. The
units were then turned on and dove to a depth of 240 FSW at 20 foot increments
to evaluate pressure tralsducer accuracy at ambient temperature.
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6. Test Six: 500 FSW Watertight Integrity Test. Five Divetronic
units and three Orca units were opened and checked for any leakage which may
have occurred from previous testing. Two Divetronic units and one ORCA unit
were then submerged in water and compressed in a Bethlehem chamber to a depth
of 230 FSW for 24 hours. Three Divetronic units and two ORCA units were /
compressed to a depth of 500 FSW for 24 hours. Upon dive completion those
units which continued to provide display information were dove to a depth of
220 FSW stopping at 20 FSW increments on descent and ascent to evaluate
pressure transducer accuracy and display functioning. All units were then
disassembled and checked for water leakage.

7. Test Seven: Four Foot Drop Test. Five Divetronic units and one
Orca unit which had survived previous testing and had been opened and checked
for any leakage or damage which may have occurred from the 500 FSW watertight
integrity test were dropped on a concrete floor at different angles from a
height of 4 feet. All units were then examined for obvious damage to the case
or display, and were subjected to the following dive profile:

60 FSW No Decompression
1 Hour Surface Interval
120 FSW No Decompression

An evaluation of depth and profile tracking accuracy from the repetitive
no decompression dive, as well as an internal inspection for damage or
leakage, provided data on any damage which may have occurred to UDM
functioning as a result of the impact.

This test was the final phase of the evaluation. One Divetronic unit
(795) had previously experienced a floodout resulting from a cracked case
during an operational dive following the 100F battery duration test.
Therefore only five operable Divetronic units were submitted to the four foot
drop test. One of these units (889) had experienced a SAD display failure
from previous testing which limited test data results, however this unil was
still submitted to the test to evaluate depth and display functioning, as well
as watertight integrity after having been dropped. Two ORCA units had
previously experienced display failures, one ORCA unit experienced pressure
transducer problems and stripped case threads during a leak check, and two
umits leaked during test six, watertight integrity test. All six ORCA units
were dropped from a four foot height but only one was submitted to the
follow-up dive to evaluate functioning.

V. Z=STRESULTS

A. ORCA UDJ. During Long Term Stability Testing (Test Two), UDM 1172 and
1170 failed to track depth accurately. Unit 1172 displayed 13 FSW at a depth
of 40 FSW, and decayed to 4 FSW over a two hour period. Unit 1170
consistently displayed 195 FSW at a depth of 200 FSW. This occurred after
approximately 40 dives on each unit at depth ranges from 0 to 250 FSW at
temperatures from 29*F to 93°F. Accumulated dive time was in excess of 70
hours on each unit. These units were returned to the manufacturer for
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evaluation and repair. The transducer oil had blown by the seals undier the
influence of high pressure. It was initially felt that this may have occurred
because the initial work up dives on the ORCA UDM were conducted to a maximum
depth of 250 FSW, whereas the U.S. Navy specification is 230 FSW depth range
(watertight to 500 FSW). ORCA Industries, Inc. informed IIEDU that a
transducer oil refill may be required whenever a depth of 230 FSW is exceeded,
and this is a simple operation which could be performed by U.S. Navy
personnel. Although ORCA had originally indicated in writing that a test
depth of 250 FSW would be satisfactory and a factory test to this depth had
been conducted prior to providing these units to NEBDU, a maximum test depth of
230 FSW was recommended by the manufacturer after failure of units 1172 and
1170. The manufacturer also indicated that the transducer blow by threshold
could be increased on a production model so that minor over-pressurization
would not cause the pressure relief feature to activate, and this would not
effect the overall functioning of the unit.

Testing of the repaired units (1172 and 1170) was restarted from the
beginning of the test phase, rerunning the Pressure Transducer Accuracy Test
(Test One) and Long Term Stability Test (Test Two) to a maximum depth of 230
FSW. No leak problems or pronounced depth inaccuracies occurred on the
repaired units when resubmitted to Test One. During Long Term Stability
Testing (Test Two), Unit 1172 continued to function similarly to the units
which had not previously failed and successfully completed this phase of
testing. Unit 1170 was eventually to experience tracking errors of up to 6
FSW in some cases, and fiVially failed all together, along with units 1171 and
1173. These three units were disassembled after failure. Upon examination of
the internal components it appeared that the transducer oil had leaked on all
three units. Additionally, water had leaked into unit 1170, causing corrosion
of the electronics. It is suspected that these leaks occurred through the
pressure transducer cavity. The test results discussed ia the following
paragraphs discuss the performance of the two units (1172 and 1170) after
being returned, repaired and resubmitted for testing from the beginning of
Test One, as well as the four units which did not fail dur~ing initial testing
(0107, 1171, 1173, and 1190).

1. Pressure Transducer Accuracy/Tempera ture Sensitivity Tests.
Appendix B provides test results for pressure transducer accuracy dives at
290F and 930F water temperature. Each test dive required between 35 minutes
to one hour 30 minutes dive time. Examination of the data indicates that the
ORCA UDMs were normally accurate to within ± 2 .FSW to a depth of 230 FSW, but
occasionally deviated as muclh as .± 3 FSW. Depth readings with an error in
excess of 3 FSW occurred only on unit 1170, which later went completely blank
during long term stability testing.

Overall, inaccurate depth readings displayed a shallower depth slightly
more often than a deeper depth. Inaccurate depth readings were somewhat more
prevalent on the deeper depth ranges, but occurred throughout -the depth
spectrum. The UDMs were slightly more accurate on ascent than descent, and
performed somewhat better at 930F than 290F. All UDMs read zero when on the
surface.
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During 29*F test units were generally within *2 FSW. Maximum deviation
was 3 FSW and deviation wasn usually deeper than true depth except for unit
0107 at 180 FSW and below where it was shallower (Figure B6).

During 930F tests only two units did not fall within the ±2 FSW
specification. Unit 1171 failed (read 0) on dives #2 through #5 but returned
to proper functioning on dive #6. Failure on dive #2 occurred after
approximately 25 dives. Accumulated dive time was in excess of 30 hours,~
Decay is noticeable on UDN 1170 during ascent on dive #5 and #6 after
approximately 30 dives, accumulated dive time of approximately 37 hours.
These two units were later found to have leaked transducer oil and water
inside the case. It is apparent that when units were working depth tracking
was satisfactory.

2. Long Term Stability/Temperature Sensitivity Tests. Appendix C
(Figures Cl-C12) provides test results for long term stability dives at 290F
and 936F water temperature. Each table shows the depth reading at the
beginning and end of each 30 minute stop at the indicated depth. Unit 1170
(during dive #1 at 93*F, Figure C7), 1171 (during dive #2 at 93*F, Figure C8),
and 1173 (during dive #3 at 930F, Figure C9) began to show signs of decay, and
finally went blank during test 6 at 93*F. Unit 0107 went blank during the
latter part of dive 5 at 93"F, but performed acceptably on dive 6.

Test results shown in Figures Cl through C12 provides the results of Long
Term Stability Tests (Teat Two) on units 1172 and 1170 after factory repair
and retesting of Test ,One (Pressure Transducer Accuracy Testing), and test
results of units 0107, 1171, 1173, and 1190 which had not previously failed
except for unit 1171 which returned to acceptable functioning during Test One
and was not factory repaired. Unit 1170 failed again during this test.

Examination of the data on those three units which did not fail during
this test shows that depth readings did not vary more than ± 1 FSW during the
30 minute hold at each depth increment. Depth accuracy was normally within
± 2 FSW to a maximum depth of 230 FSW, but sometimes varied as much as ± 3 FSW
except for unit 1190 which varied from -4 to -7 FSW on four dives at a chamber
depth of 230 FSW only. Depth accuracy was generally much the same as was
found in Teat One. Unit 1172 read 3 FSW deeper when out of the ±2 FSW

specification. Unit 0170 read 3 FSW deeper in this test (Figure 02), but 3
FSW shallower in Test One.

It is apparent that when units functioned, depth tracking accuracy was
acceptable, however, multiple leaks and pressure transducer failures indicate
low mechanical reliability in the present configuration, when tested to the
230 FSW depth range.

3. Profile Tracking Tests. Profile tracking tests and warning status
tests were not conducted on the ORCA UDM due to failure of three units prior
to these phases of testing. It was apparent that the number of failures which
had occurred during the initial phase of testing, as well as the failure of
the unit to meet several important U.S. Navy specifications would require
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several design modifications. These modifications should be incorporated
prior to the major investment in man hours and test equipment that are
required to conduct the profile tracking tests. Battery duration tests,
500 FSW watertight integrity tests, and four foot drop test were conducted on
the remaining units.

4. Battery Duration Evaluation

a. Phase I. BA-90 Eveready carbon-zinc Nil Spec battery.
Elapsed times to low battery warning indication and battery depletion are
provided below. Units 1171 and 1172 utilized batteries taken directly from
the freezer. Units 0107 and 1190 utilized unfrozen batteries. Elapsed times
are rounded off to the nearest half hour.

_ NI 171UNIT 1172 UNIT 0107 UNMT 1190
Low Low Low Low

Battery Battery Battery Battery Battery Battery Battery Battery
WaxanA Depletin Waon n Debletion WannDeoletlion larninDeiletion

20 24.5 24.5 26 22 27.5 30 36
hours hours hours hours hours hours hours hours

The low battery warning function provided warnings from 1.5 to 6 hours
prior to battery depletion, with an average from the four units tests of 4.38
hours. Battery durations ranged from 24.5 to 36 hours, with an average from
the four units tested of 28.5 hours. Units utilizing batteries taken directly
from the freezer experienced slightly reduced battery duration times.

The manufacturer recommends alkaline batteries for use in the ORCA UDM.
BA-90 Nil Spec batteries were evaluated due to their common availability at
fleet diving commands. These batteries provided substantially reduced
duration times compared to the Duracell alkaline batteries.

b. Phase II. Duracell Alkaline MN 1604 battery. Elapsed times
to low battery warning indication and battery depletion are-provided below.
Units 1171 and 1172 utilized batteries taken directly from the freezer. Units
0107 and 1190 utilized unfrozen batteries.

11T 71 UNIT 1172 UNIT 0107 UNIT 1190
Low Low Low Low

Battery Battery Battery Battery Battery Battery Battery Battery
Warnirng Depletion Warning Depletion ILLtn Depletion Warntru Depletion

80 89.5 62 89.5 62.5 75.5 65 75.5
hours hours hours hours hours hours hours hours

23



The low battery warning function provided warnings from 9.5 to 27.5 hours
prior to battery completion, with an average from the four units tested of
15.13 hours. Battery durations ranged from 75.5 to 89.5 hours, with an
average from the four units tested of 82.5 hours.

c. Phase III. Duracell alkaline and Eveready Nil Spec battery
duration under freezing conditions. BA-90 Eveready Nil Spec batteries were
installed in units 1171 and 1172, and MN 1604 Duracell Alkaline 9 volt
batteries were installed in units 0107 and 1190. Batteries and UDNs were
maintained at room temperature prior to power activation, at which time they
were placed in a freezer at 106 until battery depletion. All units were
checked 6 hours after being placed in the freezer and it was found that units
1171 and 1172 had failed. Units 0107 and 1190 failed after 10 hours. It is
evident that the 10F air temperature adversely affects battery output in both
battery types, which might be a concern during subfreezing surface intervals
between repetitive dives during which the UDM is not thermally protected, or
during conditions of cold predive temperatures. All units were turned off for
a 24 hour warming period at room temperature, after which unit 0107 and 1190
failed to reactivate when turned on. Unit 1172 reactivated for a period of 1
b- r. Unit 1171 reactivated for a period of 2 hours.

UDN operability at 1OF temperatures is not a U.S. Navy specification,
however this environmental extreme can occier during U.S. Navy operational
use. Predive and surface interval temperatures in a cold climate can be even
more severe than the 10OF test represents, if the UDN is not thermally
protected. Discussions with Duracell, Inc. indicates cold temperatures may
temporr dly reduce voltage levels somewhat, but determination of the degree of
voltage level drop would require testing under specific loads and temperatures.

should be noted that a new battery can be installed in the ORCA UDN
wity. losing the memory from preceding dives. An auxiliary battery clip is
provi zd for this purpose. Battery changes must be conducted on the surface
in a environment.

5. 500 FSW Watertight Integrity Test. ORCA UDN 1171 was exposed to a
depth of 30 FSW for a 24 hour period and units 1190 and 1172 were exposed to
a depth oi 500 FSW for a 24 hour period. Unit 1171 was found to be flooded
upon d- surfacing. The location of the leak was not apparent. The severity
of the t±oodout and the fact that the floodout occurred at a depth which was
common to previous testing raises suspicions as to the reassembly procedures
applied to the UDM after checking for leakage prior to the dive.

Disassembly of the electronics case voids the warrenty on the ORCA
commercial sport diving unit, however periodic disassembly may be required for
a Navy unit in order to check for leaks (a leak check plug was not provided
per U.S. Navy specifications), and conceivably to change algorithms (a
socketed PROM for ease in changing algorithm is also a U.S. Navy
specification).

Unit 1172 was found to have suffered from slight leakage, and it is
suspected that these leaks occurred through the pressure transducer cavity.
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This problem was experienced on other ORCh units during previous testing. The
slight leakage resulted in electronics contamination (salt water corrosion)
end display failure. Even very slight leaks which result in water contacting
the electronics created very rapid electronics corrosion when the unit is
powered up, normally resulting in display failure, Units 1190 survived the
500 r5W dive and was then successfully tested for pressure transducer acuracy
and display fuctioning at 20 FSW intervals during descent and ascent to a
depth of 220 FeW. Test results provided below show similar functioning to the
pressure transducer test series (Appendix B).

UDM 1190 D hth (FSW)
Chamber Depth (FSW) Descent I Ascent _

0 0 0

20 19 19

40 39 39

60 59 59

go 80 79

100 100 99

120 120 120

140 139 139

160 159 159

180 179 180

,200 ,199 _199

220 212 -

6. Four Foot Drop Test. The single functioning ORCA UDM (unilt 1190)
remaining from previous testing was dropped from a height of four feet: on a
concrete floor, impacting on the display face side of the unit. The tait was
then submitted to a 60 FSW no decompression dive, one hour surface interval,
and 120 FSW repetitive no decompressio:n dive, and was found to functioni
acceptably, accurately monitoring depth, no lecompression time, and dive
time. nisplay information was clear and no damage to the case or display face
was found after careful examination. Wo leaks occurred during the dive.
Profile tracking tests were not conducted on the ORCA UDM prior to this test.
Unit 1190 proved to be correctly progranmad during this dive, on the profile
indicated above.

7. Display Functioning and Rxtermal Hardware. Figure 5 provides a
drawing of the ORCA UDM display layout. Appendix H provides further

25



CD C

HO

= Li

0..
LI-L& 0, e..e

LI. CL a

>=
- I--

LLIJ

0
00 0

0

Figure 5. ORCA UDM Drawing (not to scale)
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illustrations of external hardware. U.S. Navy specifications required a UDM
display layout which departs from the ORCA commercial sport diving model.
Graphics were eliminated except for an ORCA (killer whale) pattern whtch
appears as soon as the unit is turned on. On the lower left hand corner the
number N1 appaars, signifying the Navy program designation. Several seconds
after turning the unit on the display proceeds to a blinking checkerboard
pattern. The UDM performs a self-check function during this time.

Display labeling is removed from under the display glass and replaced with
a typed label which was epoxied to the came. During the lengthy period of
testing these labels separated from the case, however the manufacturer
indicated that for production run models the display labels could be printed
on the case or under the display glass. Display layout is provided as
follows, initiating after the checkerboard pattern and self-check function are
complete:

Dive Time / B
Depth / Stop Depth

Stop Time
TTS

Note (1): B a battery warning (blinking asterisk which signifies

proper operation changes to a flashing "B" to indicate low battery)

Note (2): TTS = total time to surface

Note (3): displays update every 2 seconds

Maximum depth, dive time/surface interval time displays provided during
surface interval, remaining no decompression time, and temperature displays
are ?rovided on the ORCA commercial unit but were removed for the U.S. Navy
prototype because these displays were not required by U.S. Navy specifications.

a. Stop Depth and Stop Time Display Displays. When a 10 FSW
decompression stop is incurred, the "stop depth" display changes from "0" to
"10" and the "stop time" display changes from "0:00" to "0:A1" and begins
counting up the increasing amount of time the diver must remain at the 10 FSW
decompression stop in whole minutes. The "stop time" display restarts from
"0:01" each time a deeper stop is incurred and continues to count upward in
whole minutes. This process continues until the UDM depth decreases
sufficiently to provide adequate decompression (tissue offgassing) to begin a
reversal of the increasing decompression time obligation. Then the "stop
time" display begins counting down, and the "stop depth" display will
eventually change to the next shallower SAD stop, restarting the "stop time"
countdown until sufficient decompression is achieved to continue the dive in a
no-decompression status or allow surfacing. if the UDM rises shallower than
thie SAD the UDM "stop depth" and "stop time" displays will blink altemnately,
thereby providing a warning that the diver is too shallow. If this occurs,
the UDM will continue to provide decompression information based on the actual

j depths attained for the actual time at those depths. This will result in a
slower decrement of decompression stop times associated with the shallower
depths attained.
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During display functioning testing which involvod a lengthy 230 FSW dive
to initiate maximu SAD (*atop depth") activation, the "stop depth" and "stop
time" display began blinking the word "AICKD", initiating once every two
seconds for one second duratiog. This is the "P40" warning status. The
mazim "stop depth" value achieved dvring testing was 150 18W. The ORCA
Urn's capability to achieve deeper "stop depth" (SAD) values was not tested,
and would not occur during normal operations. When the decompression "stop
depth" Is achieved, the blinking "ASCRD" ceases.

b. Total Time to Surface (TTS). The TTS display indicates total
time to surface assuming the diver begins immediate decompression. U.S. Navy

specifications reqzires that this display correspond to an ascent rate of 60
feet per minute (FiN) (plus stop times), however this tiem can be as such an
59 seconds in error because the display reads in hours and whole minutes per
U.S. Navy specifications. When a depth of 1 PSW is achieved during a
no-decompression dive, the TTS display reads "1" (minute). At a depth of
61 P5W on a no-decompression dive the TTS display switches to "2" (minutes),
and so on. This display limitation normally results in longer (59 seconds or
less) decompression times being shown than actually required. This is
apparently a display limitation only, and may not reflect a limitation of the
microprocessor itself.

c. Dive Time Display. This display indicates the total time of
dive in hours (two digits) and minutes (two digits) per U.S. Navy

specifications. This display counts up in whole minutes from zero once the
UMN reaches a depth of 3 7SW on descent. The timer will "freeze" if ascent is
made tj 2 M8W. After 10 minutes on the surface has elapsed, the display will
revert back to zero, as long as no ascent criteria has been violated, (i.e.
unless decompression time still remained when diver surfaced) and any
repetitive dives will be counted up from zero. If a dive is continued within
10 minutes surface interval the total time of dive provided on the display
from the initial portion of the dive will continue to count up in whole
minutes once a depth of 3 FSW is achieved on descent during the second portion
of tha dive.

d. Depth Display. This display will provide a maximum depth
reading of 237 FSW. U.S. Navy specification is 230 FSW. Three digits are
provided per specifications.

e. On/Off Switch. A magnetic flip switch located on the back of
the case is rotated 180 degrees to activate power. This switch seats itself
against the cane. When the UDM is securely fastened to the divers arm it is
possible, although not probable, that the UDM could be inadvertently turned
off. This-would occur if a protruding object came into direct contact with
the switch and moved it to an approximate angle of 20 degrees from the bottom
of the case, toward the divers arm. If this occurred, the UDM memory of the
preceeding dive profile would be lost. Therefore installation of a switch
locking device is considered appropriate. An optional "holster" is provided
with this UDM which enables it to be carried on a high pressure hose or
lanyard. This "holster" could be modified for use with straps, and would
prevent accidental flipping of the on/off switch. Refer to Appendix H for
ftrther discussion and more detailed illustrations.
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The instruction manual warns that the magnetic flip switch will affect a
compass if it Is held within 50 cm of the unit.

f. Battery Installation Connection. The battery clips are
configured so that the battery cannot be installed with reverse polarity. An
auxiliary clip is provided so that a fresh battery may be installed during a
surface interval without losing the memory from dives within the previous 12
hours. The battery compartment was found to be reliably watertight during
teasting.

B. Divatroni UDM. During the initial phase of testing, unit 836, 215,
795, 861, and 864 failed to track depth accurately. Depth inaccuracy
increased with depth, were common at all depths, and varied from true depth as
much as 2 I8W at 10 F7W chamber depth, with proportionately increasing errors
common as depth increased, to a maximum error of 26 FSW on two un.lts at a
depth of 230 73W and 25 7SW on two units at a depth of 220 FSW. These
inaccuracies were repeatable on each unit. Only one unit (889) proved to be
accurate within specifications (except for the 230 FSW depth). The units were
returned to the manufacturer for evaluation and repair. No explanation as to 1
the cause of these discrepancies were provided by the manufacturer. The
repaired units survived all test phases with acceptable depth tracking
accuracy, except for units 889 and 795. Unit 889 failed to provide SAD
information during the final dive of the profile tracking dive series. Unit
795 suffered a cracked case following the low temperature battery duration
test.

The DIVETROlIC UDM test results provided in this text and enclosed
Appendixes refer to the units returned after factory repair.

1. Pressure Transducer Accuracy/Temperature Sensitivity Tests.
Appendix B (Figures B12 through B24) provides test results for pressure
transducer accuracy dives at 290F and 9303 water temperature. Examination of
the data shows that the depth accuracy of the Divetronic UDMs was always
within -1 FSW to +1 FSW to a depth of 220 FSW at 93"F. At 290F the units were
normally accurate to within -1 FSW to +2 FSW to a depth of 220 FSW at 29*F.
Occasionally they deviated as much as +3 FSW, especially at depths below 130
FSW. Deviations of +4 rSW occurred at depths of 190 FSW and deeper, but were
not comon. The shallowest depth for errors outside of the *2 FSW
specification was 130 FSW. It is noteworthy that at 296F water temperature to
a maximum depth of 210 FSW, only one UDM ever provided a depth reading
shallower than chamber depth, and this occurred on only one occasion at one
depth (one unit read 9 FSW at an actual depth of 10 FSW on ascent only on one
dive). At 93"F at a maximum depth of 220 FSW, depth readings shallower than
true depth were more common, but never exceeded -1 FSW and occurred less often
at shallower depths. Unit 889 was between -2 and -8 FSW in error during dives
1-5 at 296F at a single depth of 220 FSW, but later leveled out to an accuracy
which never exceeded -1 FSW deviation at this depth. The Divetronics UDMs do
not track depth to 230 FSW, often displaying 222 FSW, and with a maximum error
on one unit of 212 FSW. This appears to be a limitation of either the

pressure transducer or the depth output circuitry.

29
I



OveftIq, depth readings deeper than actual depth were moch more common
than depth readinse shallower than actual depth. Depth readings were more
aceurate at shallover depths. The UMM were slightly more accurate on descentr then us ascent, and Vero more accurate at 9367 them 9eeF, although at 299Y the
=its d/played a deeper depth whan a deviatien occurred. All UMd read zero
on the surfces.

Mw Divetreie UM performed well dow to 10 FISV. Inaccuracies below
this depth did not effect shallover accuracies, suggesting a mechanical or
logical ltmitation.

2. Long Tom Stability/Temperature Sensitivity Tesot. Appendix C
(Figures C13 throug C24) provides test results for long teon stability dives
at 2'F and 93a r water tmperature. Zm-ination of the data ohows that depth
reading@ did not vary more than k 1 ISV during the 30 minute hold at each
depth Increment. Depth accuracy was normally within -1 TSW and +4 ISW to a
depth of 200 FSW ecept for unit 836 on dive 4 at 936F. Unit 836 displayed
198 lPS at a chamber depth of 200 MSV at the end of the 30 minute stop during
this dive. Unit 864 an dive 3 at 931F began to decay and finally ceased
functioning at the 50 PSW ascent stop and on the surface after ascent. Unit
864 then returned to normal for the duration of all further tests. The units
have a depth tracking limitation Ohich is shallower than 230 ISV. Normally
maximem depth is displayed as 222 M9, but varies from 211 FSW to 224 78W.
All units displayed 0 at the surface, except for unit 864 on the one dive
mentioned above.

Long Term Stability Tests resulted in depth tracking accuracy similar to
Pressure Transducer Accuracy Tests (Test One). 200 FM and shallower errors
were all deeper at 290F and -1 to +2 at 93OF (except for unit 864 which failed
on Dive #3 at 930r, Figure C21).

3. Repetitive No Decompression Dive Profile Tracking Tests.
Appendix D shows the results of these dives for each Divetronic UDM. The top
portion of each figure shows the result for the 2 TSW surface interval dive,
the bottom for the 5 FSW surface interval. The surface Interval depth would
not affect the initial no-decompression limit. However, since the UDM would
asoae a 21% breathing gas for depths less than 3 FSW and a 0.7 ATA breathing
gsas for greater depths, the second no-decompression limit would be affected
when taking a 5 FSW surface interval; the no-decompression limit for the
second dive will be longer than taking a 2 F7W surface interval.

The differences between the Divetronic UDK and the NP 1000 reference for
the 60 FSW no-decompression limit ranged from the Divetrenic UDK having a 132
second longer to a 34 second shorter no-decompressioi limit. Since the depth
for both the HP 1000 and UDM was only accurate to *1 FSW, a depth difference
of 1 FSW between the two would not be noticed. At 60 7SW this would result in
at least a 3 minute difference in no-decompression time. Therefore the
difference in no-decompression times between the HP 1000 and the U1DM are well
within the minimian depth accuracy limits.
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The close tracking of SAD switches between the two profiles show:ed the I
switchover from 0.7 ATA to 21% 02 at 3 FGW to be working properly. All time
differences were well within limits imposed by the *1 FSW minimum depth
difference and wer3 judged insignrificant in terms of decompression stress..
There was nn evidence of any cumulative error.

4. Decompression Dive Profile Tracking Tests. Appendix E provides I
test results for decompression dives. Evaluation of the data shows that on
dive profile a. (175 FSW for 60 minutes) at 29*F water temperature, UDM SAD
change times at maximum dive depth (175 FSW) varied from 0 seconds to +76
seconds compared to computer SAD change times. UDM SAD change times duri-v
decompression varied from -134 seconds to +102 st.conds. These changes ar,.
within the ±1 FSW depth resolution.

Dive profile a. at 930F water temperature was the last dive cond:cte! of
the profile tracking test series, although this is not reflected in the
sequence of data provided in this report. Unit 889 failed to prcvide S&A
information during this dive, although the depth and tivne displays e-itinued
to operate. Failure of this unit prevented collection Gf test d.ta only c",
the 175 FSW for 60 minute dive at 93*F, on the mud test, and on the four foot
drop test. Collection of batter;, duration test data was still possible,
Evaluation of the data from dive profile a. at 930F on the fite nmits which
dio. not fail shows that UDM SAD change times at maximum dive d;,:th varied I.ra
+2 seconds to +78 seconds compared to computer SAD change times. SAD chaige
times during decompression varied from -100 seconds to ýI18 seconds.

During dive profile b. (150 FSW for 30 minutes at 2SF water temp rature)
UDI-& 3AD change times at maximum dive depth varied from +2 secon4s to i-'2
seconds. UDM SAD change times during decompression varied from -40 ser•.di tc
+18 seconds.

Overall, UDM SAD functioning was considerably more accur- *- -- Vi
dive depth than during decompression. This is consiste: t. wi( . time
periods required for SAD decreases to occur during dec che
surface as compared to the more rapid SAD increases at 0 ?SW
dives resulted in greater SAD functioning accuracy tha Lives.
This may be due in part to the greater frequency of SA. . , ' FSW
(SAD values up to 90 FSW) and longer decompression time, . .I tis
depth. These factors were also a function of the longer
175 FSW. Although the maximum overall UDM SAD change devi,.- during
the 175 FSW dives was -134 seconds and +118 seconds, tbi-. r J . is
excessively deep rnd long, and these time differences are i.thin the ±1
FSW depth resolution. The UDMs were slightly more accurate at Z9F water
temperature than at 930F water temperature.

UDM warning status data is charted along with SAD .' t 'io4ing dalt on the
decompression dive profile tracking dives in order to ' d - a bettzr overall
evaluation of warning status functioning. An evaluatii, )r nng status
data is discussed in the waining status test result se, '... E is report.
The large discrepancies in warning status changes which .,c Ut'. d-ring
testing covered in this section are attributed to obs",tv..tioti errors -n the
part of test technicians.
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5. Repetitive Decompression Dive Profile Tracking Tests. Appendix G
provides test results for repetitive decompression dives. Twenty SAD changes
occurred on each profile. The maximum SAD was 5C rsw. Evaluation of SAD
functioning data indicate6 that the time differences observed between the
HP 1000 and the UDM are within the differences expected for a 1 FSW depth
difference, indicating proper algorithm functioning.

6. Warning Status Tests. Appendix H provides the results for warning
status test dives. Warning status functioning data was also charted on the
decompression divs data sheets (Appendix F) and. repetitive decompression dive
data sheets (Appendix G) in order to provide a better evaluation of warning
status functioning. The warnirg status data collected during these di7es
proved to be innacurate, so Appendix H provides a more specific focus on UDM
warniag status functioning. Recording of warning status data on decompression
dive profile b. (150 FSW for 30 minutes) and on repetitive decompression dives
proved to be an advantage. It was discovered that the UDM warning status (SAD
display blinking) secured at approximately the same time that the UDM 10 FSW
SAD value changed to 0 FSW during decompression. During the repetitive
decompression dives, the warning status resumed at approximately the same time
that the UDM SAD changed from 0 FSW to 10 FSW at maximum dive depth, on the
repetitive dive. Although the test data doe3 not indicate that this is
precisely the case, interviews with the test technicians who recorded the data
suggests that during decompression dive profile b. and repetitive
decompression dives, tect technicians focused on SAD infoimaticn recording
during the long, up to seven hours duration, dives. Occasions occurred when
warning status information was not properly recorded due to inadvertent
oversite by test technicians. This is apparent in Figure Fl and Figure Fll.

An additional test was conducted to confirm the suspicion that the UDM may
have been designed so that the SAD display does not flash unless a SAD value
is indicated (other than 0 FSW). UDM 215 was dove to a depth of 175 FSW for
approximately 24 minutes (to initiate the warning status) and decompressed to
10 FSW. When the 10 PSW SAD changed to 0 FSW, flashing secured. SAD flashing
resumed when the 0 FSW SAD value changed back to 10 FSW upon recompression of
the UDM from the 10 FSW depth. This test was repeated on a similar profile,
except the UDM was decompressed to the surface prior to recompression to
depth. The same results occurred as on the previous test. It is therefore
evident that a 0 FSW value on the SAD display will not flash even though the
UDM may remain in the "warning status loop."

A modification should be made to the Divetronic UDM so that this will not
occur on production run models.

The warning status test profile was designed so that the warning status
would initiate, secure, and re-initiate on each dive. A comparison of UDM
warning status initiation time and extinguishment time to computer warning
status initiation and extinguishment time in seconds is provided as follows:

UDM 889 UDM 864 UDM 861 UDM 836 UDM 795 UDM 215
Initiation +16 +8 +14 +18 +14 +12
Secure +82 +114 +118 +38 +108 +74
Initiation +4 +2 0 +8 +2 +2
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UDM warning status functioning always occurred after computer warning
status functioning except for the re-initiation on UDM 861, which occurred at
the same time as the compuater. Minus 2 and +4 second time differences may bc
attributable to test technician time delays in programming warning s-atus and
depth change informatiun into the computer.

7. Battery Duration Evaluation.

a. Phase I. Backlight on battery duration test, power activation
24 hours after charge. Elapsed times to low battery warning indication and
power depletion are providee below. All times are rounded off to the nearest
half hour.

__Unit 215 Unlt 725 Uni 836 UnLt 8Ql Unilt 84 Unit 889
Low Battery 14.5 14.5 14 12 11 12
Wann hourhoos hour srs hou hours
Battery 17.5 16 15.5 13.5 11.5 12.5
Depletion hours hours hours hours hours hours

The U.S. Navy specification for battery duration is 12 hours with fully
illuminated backlighting. Unit 864 was the only UDM which did not meet this
specification, suffering a battery depletion in 11.5 hours.

b. Phace II. Backlight off battery duration test, power
activation 24 hours after charge. Elapsed times to low battery warning
indication and power depletion are provided below.

i Unit 215 Unit 795 Unit 836 Unit 861 Unt864 Unit 8891
Low Battery 80 81 79 65 84 65
Warning hours hours hours hours hours hoursBattery 90 85 81 70.5 85.5 67
Depletion Ihour hours hours hours hours hours

c. Phase III. Backlight off battery duration test, power
activation 72 hours after charge. Elapsed times to low battery warning
indication and battery depletion are provided below.

SUnit 215 Unit 795 Unit 836. Unit 8,61 Unit 864 Unit 889

Low Battery 75 76 68 65.5 80 62
Warnnnst -hors hou_ ho hours hours hhours
Battery 81 81 74 78 83 64
Depletion hours h hours hur hours hours hours
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d. Phase IV. Backlight off battery duration test, power
activation 120 hours after charge. Elapsed times to low battery warning
indication and battery depletion are provided below.

_ _ _ Unit 1S U~nIit I 795 nit 836 JUnit 8-ni 6 Unitfl889
Low Battery 67.5 46 59.5 20 70 72
Warnig ous ors hur hour ho3ira -hur
Battery 83 63 70 48.5 80 j 83
Depletion Ihqua hr hours hours hours~ hours

The 120 hour delay in power activation after a four hour charge did not
result in pronounced reductions in battery duration during this test run.,
except for unit 861 which still provided acceptable times.

e. Phase V. Backlight off low temperature battery duration
test. Elapsed times to low battery warning indication and battery depletion
during exposure to 10OF air temperatures are provided below..

Low Battery I 90 47.5 }47.5 16 j 52 j 58.5
Warning . hours . hourp. hours. hoursJ.L .. I3-.k~

Battery 95 75 76 26 62 70

It is noteworthy that the environmental extremes provided during the test
did not result in pronounced battery depletion, except for unit 861 which
still survived well over the U.S. Navy specification of 12 hours minimum,
although backlight illumination was not activated for this test. This unit
also suffered a noticeable power drop during Phase IV. An operational dive
with unit 795 two days after test completion resulted in immediate floodout
when the diver entered the water. Examination of the case revealed a crack in
the area surrounding the on/off switch. Whether the crack occurred as a
result of the cold temperature test or as a resu.lt of an unnoticed impact is
unknown. Survival of the remaining five units during the four foot drop test
(paragraph 10 of this section) would seem to indicate that the temperature
extremes resulted in the cracked case.

The battery warning function was found to activate prior to battery
depletion on every battery test run at 1 ASA, provriding warnings from 1.5
hours to 23.5 hours prior to battery failure during backlight off battery
duration tests, with an averaged time of 10.7 hours prior to battery
depletion. Backlight on battery duration tests resulted in battery warning
function activation from 30 minutes to three hours prior to battery depletion,
with an average time of 1.4 hours prior to battery completion.

Overall, battery duration times from unit to unit during backlight off
tests varied from 26 hou:--s on unit 861 during Phase V to 95 hours on unit 215
during Phase V, with an overall average battery duration average of 56 hours.
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8. Mud test. A comparison of Divetronic UDM depth readings to
chamber depth is provided below. The results demonstrate acceptable pressure
transducer accuracy (within the *2 FSW specification), ranging from -2 FSW to
+0 FSW to a depth of 220 FSW, and "pegging out" at 222 FSW.

Chamber UDM De th Reading

DeXh W Unit 215 UnitL795L Unit 836 Unit 861 Unit i64 Unit 889

20 19 19 19 19 18 19

40 39 39 39 40 39 40

6 59 59 59 59 39

8 80 80 80 _ 80 80 80

. 1500 FSQ Wot 1i Tt D to io

120__ 119 119 112 119 112 11.9

1.__ __. 140 140 132 140 140 140

__...Q__, 159 159q 15,9 160 159 160 :

10180 180 180 180 180 180

__2,.00_ 200 200 200 200 200 200

__.,,0_220 220 220 220 220 220

__240 _ 222 222 222 22Z 222 222

9. 500 FSW Watertight integrity Test. Divetronic UDM 215 and 836
were exposed to a depth of 230 FSW for a 24 hour period and units 861, 864,
and 889 were exposed to a depth of 500 FSW for a 24 hour period. Unit 795
experienced a cracked case during previous te3ting. Units pressed to the same
depth were found to have recorded ascent times within one minute of each other
(units read in whole minutes, so precise variations are unknown) at the time
of surfacing. All units were found to be operable with no obvious flooding or
damage, except for unit 889 which suffered a SAD display failure during
previous testing, but otherwise performed acceptably. Pressure transducer
accuracy and display functioning was then successfully tested on all units at
20 FSW intervals during descent and ascent to a depth of 220 FSW. Test
results provided below show functioning similar to the pressure transducer
test series (Appendix B). Following the pressure transducer test dive all
units were disassembled and checked for leakage. No moisture was found.
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10. Four Foot Drop Test. The five functioning Divetronic UDMs
remaining from previous testing were dropped from a height of four feet cn a
concrete floor, impacting at various angles, including display face down and
on/off switch impacts. Units were then submitted to a 60 FSW no decompression
dive, one hour surface interval, and 120 FSW repetitive no decompression
dive. All units were found to function acceptably, accurately monitoring
depth, no decompression time, and dive time, except for unit 889 which
suffered a SAD display failure during previous testing. Depth and dive time
functions were found to be accurate on this unit. Display information was
clear on all units and no damage to the case or display face was found after
careful examination. No leaks occurred during the dive.

11. Display Functioning and External Hardware. This section discusses
the various functioning characteristics of the Divetronics UDM display and
external hardware which were verified during testing. Display lettering is
LCD (liquid crystal display), lights are LED (light emitting diode). A
backlight switch is provided. Figure 6 provides a drawing of the Divetronic
UDN display layout. Appendix I provides further illustrations of external
hardware.
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Figure 6. DIVETRONIC UDM Drawing (not to scale).
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a. SAO display funtioning. At 1 ATA the SAD time ("min") and
depth (Oft") displays scroll no decompression time limits for various depths
as outlined below.

f No Dacomnresalon Time (MinutlU)

30 99
40 99
50 99
60 73
70 51
80 39
90 32

No decompression time limits are only provided to a depth of 90 FSW
because the SAD display only provides two digits (10's, l's). U.S. Navy
specifications called for 2 digits (100's, 10's). At 30, 40, and 50 FSW the
UDK scrolls a no decompression time of only 99 minutes because the SAD "min"
display (time at stop) is only capable of shoving two digits (10's, l's),
which 1i in accordance with U.S. Navy specifications. Three digit displays on
SAD depth and time windows should be provided on future models. At 60 FSW the
UM scrolls 73 minutes instead of 73 minutes and 59 seconds because the time
display counts whole minutes only. Regardless of the displayed no
decompression time of 73 minutes, the actual UDM no decompression time would
be 73 minutes and 59 seconds. When the trDM no decompression count down
function reaches 0 minutes, the 10 FSW SAD activation will not occur until the
given amount of additional seconds (less than one minute) expires.

The no decompression time limits are only representative as a guide for
general planning purposes. The the no decompression times scrolled on the UDM
display prior to the dive or during surface intervals between repetitive dives
assume the enti re ui'.oming dive will be spent at the given depth, and do not
include descent ti a and descent depths attained during travel to. the given
depth. During surface intervals between repetitive dives the remaining no
decompression times at depths up to 90 FSW will belin scrolling on the SAD
display after a period of approximately 10 minutes on the surface. This
function is not required by U.S. Navy specifications, but provides information
useful to dive planning, and is onl7 provided during a surface interval.

During a no decompression dive the UDM counts down the remaining no
decompression time limit for the actual depth shown in the UDM "depth"
display. This information 4s provided in the SAD "min" display in whole
minutes. Meanwhil. :-:e ' ft" display shows two dashes, as illustrated
below:

Depth Display - DEPTH
1 60

SAD Display - I DECO
STOP FT NIN

-- 73
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The SAD "min" display counts down by whole minutes until within 5 minuten
and a given number of seconds (less than 60 seconds). At this time the SAD
display begins blinking as it continues to count down to zero. The blinking
warns the diver that he is nearing the no decompression time limit. When the
count down reaches zero it is an indication that less than one minute no
decompression time remains at that depth.

Flashing of the SAD display should be eliminated for this function as it
may be mistaken for a we-aning status. Additionally, the blinking draws the
divers attention to a situation which does not normally require positive
action on the part of the diver. This is discussed further in Appendix I.

Once a 10 FSW decompression stop is incurred, the SAD display stops
blinking, the SAD "ft" display reads "10" and the SAD "min" display reads "1"
and begins counting up the increasing amount of time the diver must remain at

.the 10 FSW decompression stop in whole minutes. The SAD "min" display
restarts from "1" each time a deeper stop is incurred and continues to count
upward in whole minutes. This process continues until the UDM depth decreases
to a depth which is shallow enough to result in sufficient decompression
(tissue offgassing) to begin a reversal of the increasing decompression time
obligation, at which time the SAD "min" display begins counting down. If
depth is maintained shallow enough to continue adequate decompression (tissue
offgassing), the SAD "ft" display will eventually change to the next shallower
SAD stop and the "min" display will restart the count down, until sufficient
decompression is achieved to continue the dive in a no decompression status or
allow surfacing. If the UDM rises shallower than the SAD the UDM will provide
a warning (discussed later) bnt will continue to provide decompression
information based on actual depths attained for the actual time during the
shallow period. This will result in a slower decrement of decompression stop
time associated with shallower depths attained.

b. Deco Stop light. The Deco Stop light is yellow in color and
is located adjacent to the SAD "ft" and "min" displays. This light provides a
steady illumination when the UDM depth matches the SAD, or is within 1 to 3
FSW deeper than the SAD. If the UDM ascends shallower than the SAD (even to
the surface) the Deco Stop light will flash alternately with the out of range
light, and will continue to flash until the UDM descends to the SAD or deeper.

The Deco Stop light will cease illumination when traveling between stops,
or after the 10 FSW SAD expires. When the warning status is initiated, the
Deco Stop light flashes when the SAD display blinks, will remain on
continuously when at the SAD, and will flash while ascending to the initial
SAD or ascending to the next shallower SAD as long as the UDM remains in the
warning status function. During warning status functioning the Deco Stop
light will go off vhen the 10 FSW SAD expires, or if the SAD display reaches
.90 FSW and the maximum obligated time than can be acquired at the 90 FSW SAD
for the given dive profile is accumulated with UDM depth still remaining deep
enough to continue the accumulation of obligated decompression time.

This light should actually only illuminate when the diver is too shallow,
ascending past the required decompression stop.
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c. Out of range light. The out of range light is red in color
and will flash alternately with thie Deco Stop light if UD' depth is less than
the SAD. The out of range light will flash independently if the SAD display
reaches 90 FSW and the maximum obligated time that can be acquired at the
90 FSW SAD, for the given dive profile, has accumulated with UDM depth still
deep enough below the SAD to continue the accumulation of decompression time.
When this occurs the Deco Stop light ceases flashing and the SAD display
coutinuously scrolls the decompression obligation (the decompression stop
depths and times required at each decompression stop) which existed when the
out of range light initially illuminated. The ascent time will also remain at
the value attained when the out of range light initially illuminated. The
dive time display will continue to function, as well as the depth display. If
UDM depth then decreases to the SAD or shallower (even to the surface) the SAD
display will continue scrolling, and will not decrease SAD values or
decompression times (nor will the ascent time change or Deco Stop light
function) until the UDM is turned off. Turning the UDM back on will restart
all functions and the UDM will recalibrate itself fur a new dive profile with
no prior decompression obligation. The "out of range" labeling includes an
arrow which points to a "max. depth!!" label. This light was not found to
function when maximum UDM depth was achieved or exceeded.

d. Ascent time display. The ascent time display indicates the
total time to surface (TTS) assuming the diver begins immediate
decompression. This display is designed to correspond to an ascent ':avel
rnte of 60 feet per minute (FPM), however, this time is only precise within at
least 30 seconds due to the display reading oat in whole minutes. When the
depth display reads between 0 and 30 FSW, the ascent time display on a no
decompression dive reads "0". Between 31 FSW and 90 FSW the display reads "1"
(minute). Between 91FSW and 150 FSW the display reads "2", and so on. During
decompression dives the ascent time is the sum (in whole minutes) of the
decvmpression stop times and the ascent travel time at a rate of 60 FPM from
the given depth to the surface. Four digits were required on this display by
U.S. Navy specifications, providing hours and minutes. This display provides
ascent time in minutes only, and three digit times are the maximum that can
accumulate prior to the out of range function "freezing" the display as
described in the preceding section (c.).

If the UDM is left on after surfacing, the ascent time display will
provide the maximum depth attained during the dive approximately every 30
seconds. This will occur within the first ten minutes of surface interval
only, after whichi the maximum depth attained is provided by the "depth"
display. The maximum depth attained will blink on and off five times for five
seconds total duration, initiating every thirty seconds (approximate times).

e. Dive time display. The dive time display indicates the total
time of dive in minutes (four digits). Four digits were required on this
display by U.S. Navy specifications, providing hours and minutes. This
display is labeled "h:min" but time is provided in minutes only. This display
counts up in whole minutes from zero once the UDM reaches or exceeds a depth
of 2 FSW (it is a pressure activated function). If UDM depth decreases to 0
FSW, the dive time display will "freeze" at the time indicated when
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surfacing. After 10 minutes on the surface has elapsed, the display will
revert back to zero (as long aa no ascent criteria has been violated, io.e
decompression time still remaining), and any repetitive dives will be counted
up from zero. If a dive is continued within a 10 minute surface interval, the
total time of dive provided on the display, from the initial portion of the
dive, will continue to count up in whole minutes once a depth of 2 FSW is
achieved on descent during the second portion of the dive. After ten minutes
surface interval has elapsed with the UDM left on, the dive time display will
provide the total time of dive (15 seconds on, 15 seconds off).

f. Ascent rate light. The labeling provided on the ascent rate
light ts "33 ft/mmn". The comercial version is designed to flash at 2 second
intervi*'ls when ascending at 33 FPM, increasing the flashing as ascent rate
increases, with steady Illumination if an ascent rate of 66 FPI is reached or
exceeded. The actual ascent rate allowed by the UDM prior to any light
Illumination is approximately 66 FPM in the U.S. Navy configuration. If the
light is illuminated due to the ascent rate exceeding 66 FPM, slowing down the
ascent rate to the required parameters will extinguish the light. When
ascending at a rate less than 66 FPM the ascent rate light will not flash at
Periodic intervals.

g. Depth display. The depth display is provided in three
digits. Pressure transducer testing has indicated that the depth display will
"mpeg out" at depths from 218 to 222 P5W, even though the U.S. Navy(
specification is 230 P5W. The depth display will not register 1 PSW. A depth
of 2 FSW will activate the dive time and ascent time function. After tin
minutes surface interval has elapsed with the UDM left on, the depth display
will provide the maximum depth attained during the dive (15 seconds on, 15
seconds off).

h. Backlighting. The backlighting switch is located on the
bottom portion of the UDH case under the SAD display. It is a magnetic,
sliding switch which includes a spring that maintains the switch in the off
position unless physically held in the on position. This configuration was
presumably designed to save power. Section V.3.7. of this report provides the
results of battery duration tests conducted with backlighting on and
backlighting off, and demonstrates the substantial power drain that occurs
when the lighting function is left on continuously. The back~lighting switch
was found to be easily accessible even with three fingered neoprene gloves.
It also proved to be reliable. The bottom of the switch is serrated to
provide a gripping surface for the gloved operator.

i. External Pressure Transducer Fitting. The "dive simulator"
allows the operator to perform pro and post dive checks on the proper
functioning of the unit, an~d provides an excellent training aid for unit
functioning. The pressure transducer cavity must be filled with water prior
to installation of the "dive simulator" in order to simulate deeper depths.
Appendix I provides an illustration of the "dive simulator".
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J. On/Off Switch. This switch is a biege handle, 4.1 cm in
length, protruding 1.0 to 1.2 cm from the case. It uses a strong spring
loaded positive actinn device to prevent accidental activation or deactivation
of the unit. As the unit is rot designed to be turned on underwater, the
handle is not large enough to be pulled and turn2d when wearing heavy thermal
protection on the hands.

k. Battery Recharger. The recharg.ng device can be set at 110 or
220 volts AC. An optio-ial l volt DC cigarette lighter charger is advertised
but war. not providf - 'or evaluation. Charging can be conducted with the unit
on so as to retain the memory function during surface intervals between
repetitive dives. Because NICad batteries can develop a "memory", recharging
should only be conducted when the low battery warning has initiated.
Overcharging should be avoided. Four to five hours is all that is required,
not to exceed 12 hours by manufacturers recommendation. NiCad batteries
should be stored discharged in a cool environment. Appendix I provides an
illustration of the battery recharger.

A. UDM Algorithm Specificity. UDM's consist of two major components,
hardware-and software. The hardware contains an output display, central
processing unit (CPU) and memory function capable of programming with any
suitable algorithm. Testing at NEDU was designed to test hardware: the
ability of the unit to accurately monitor depth; long term reliability under
environmental extremes; CPU computational accuracy; and suitability of case
and display characteristics.

Any suitabla algorithm could have been used for the conduct of the test
series discussed herein. The EL HK 15/16 RTA was the first computer algorithmn
developed at NEDU and was implemented into the prototype UDMs because this was
considered to be the first application that would be required. If another
U.S. Navy algorithm had been used, it would not have had an impact on the
results of this report. Reference 4 provides results of Air-N2 02
decompression computer algorithms development. Alternative algorithms may
have future UDM application.

B. General UDM Performance. Neither UDM tested is suitable for long term
USN application, however the Divetronic UDM could be modified to meet short
term needs, as discussed below:

1. Depth Tracking. Both prototype models tracked depth accurately
when working properly. The ORCA UDn depth transducer proved unreliable, and
did not survive repeated pressurizations. The Divetronic UDM pressure
transducer was not accurate below 210 FSW but was acceptable in all other
regards. While not meeting the USN specification for maximum depth accuracy,
210 FSW will meet current N2 0 2 or air diving needs. This unit will n-t meet
He0 2 diving needs.

2. CPU Performance. The Divetronic CPU functioned satisfactorily and
the units computed the correct dive profile when the depth input was
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accurate. All errors could be attributable to pressure transducer
inaccuracies. CPU testirg on the ORCA prototype was limited, but was found to
be accurate to the extent tested.

3. Displays. Of the two units tested, the Divetronic display was the
most suitable. Its major shortcomings include the two digit stop time display
and two digit safe ascent depth (SAD) displey limitation. In current air or

1202 diving, stops below 90 FSW would not be encountered within the current
depth/time domain limitation. Stop times over 99 minutes, however, may be
encountered. Under the current limits of the depth/time domain these long
stops would not be encountered below 10 FSW, and since the total ascent time
display will provide the entire time remaining at 10 FSW, this display could
be used if the stop time display is pegged out at 99 minutes.,

The warning lights as provided on the Divetronic model includes some
auxiliary display functions which may be confusing to the diver and are not
useful. The display output should be steady except when the warning status is
activated. Display reprograming will be discussed later. A means of
covering the display (i.e. velcro cover or other means) is needed for Special
Warfare use.

4. Warning Status. A revised warning status algorithm will be
provided separately. The warning status algorithm programmed in the current
units is unsuitable.

5. Battery Duration. The ORCA UDM did not provide backlighting so
the battery duration with the display fully illuminated could not be tested.
The Divetronic units generally ,t the USN specifications, however this model
should incorporate a low battery indicator when submerged. Presently the low
battery indication function is only provided when on the surface.

6. Display Output Interface. Neither UDM model provided a port or
plug arrangement in order to.read the digital display output information on a
remote device. U.S. Navy specifications called for an edge connector on the
circuit board so that direct computer interface between the UDM and an
external monitoring device would be possible for test purposes. The absence
of auch a device required a modification to the test set up and test procedure
which required manual programming of UDM display functioning information into
the HP 1000 computer for test data production. Specifically, manual
programing of UDM depth, SAD, and warning status functioning information into
the HP 1000 computer for direct comparison to HP 1000 algorithm functioning on
the same dive profile resulted in a variable degree of human error which
effected the precise accuracy of test results. However all profile times were
still within errors expected if UDM depth and actual depth differed by 1 FSW.

The lack of compliance with this specification on the part of the
manufacturer may have been due to developmental, cost, or watertight integrity
concerns. Although the test data provided in this report is considered
sufficient to establish UDM profile tracking reliability within a reasonable
degree of accuracy, future UDM development should include a digital display
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output interface connector. The advantages of such an arrangement includes
simple and accurate UBM testing at NfDU and fleet diving activities.

7. Leak Check Plug. The concept for use of a leak check plug is
provided in Section IU.A.S. of this report. This should be included in
future models. The UDK would be placed in a preoaure chamber with a hard pipe
connected to it through the leak check port, which extends external to the
chamber azd is connected to a sensitive pressure transducer. The UDK Is then
pressurized at 50 FSW increments. Initially came compression will cause some
pressure Itncrease$ but this will stop if there are no leaks. Any leaks will
cause a pruesmure increase inside the case which will register on the pressure
transducer.,

C. -luitabilitv for MIl

1. ORCA UDN. The ORCA prototype model UDHs suffered from reliability
problems as a result of water leakage into the came and failures of the
pressure transducer. The watertight integrity and pressure transducer
problems are felt to be inter-related. The comercially available sport
diving model contains a pressure transducer which is capable of a maximum
depth of 160 P8W. Modification of this transducer to seat U.S. Navy
specifications of depth tracking accuracy from 0 to 230 ".W proved to be
unreliable, resulting in leakage of transducer oil inside the came on several
occasions. This loss of oil may have also affected the watertight integrity
within the pressure transducer cavity, resulting in slight water leakage which
contaminated the electronics. Discussions with the manufacturer indicates
that the blow by threshold of the pressure transducer may have been altered
with time. When this problem wva experienced co-sercially, shims were
installed which were designed to bring the blow by threshold back into
originally specified tolerances. The new ahimed transducer arrangement was
not tested at NEDU and would require evaluation for reliability.

The ORCA UDK did not meet several important U.S. Navy specifications.
Display backlighting is tonsidered essential, and must be developed for an
ORCA version of a U.S. Navy UDM. Red/Green light signalling functions for
violation/compliance is also considered essential. Additionally, a threaded
pressure transducer to accept a standard fitting is required for acceptance
and periodic UDM testing by fleet diving activities.

Appendix H provides a more detailed human factors evaluatJon of the ORCA
prototype UDM and discusses further recommended changes.

As a result of the discrepancies discussed above, profile tracking testing
of the ORCA UDM was not conducted. The numerous design modifications which
are required for this unit to meet U.S. Navy specifications, as well as the
reliability shortfalls experienced, did not justify the major investment of
man hours and test equipment required to conduct this phase of testing. The
repetitive no-decompression dive conducted after the four foot drop test
resulted in acceptable programming or one unit on one dive, but this was the
only profile tracking test conducted on any of the ORCA UD~s. Therefore
extensive dive profile testing is warranted prior to consideration of a new
version of the ORCA UDN for U.S. Navy use.
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2. Divetronic UDM. This model is a large, heavy UDM, but provides
highly readable displays (including backlighting), ease of opeiation and
maintenance, and acceptable depth and dive profile tracking accuracy in a wide
temperature spectrum. Failure modes experienced during testing include a
cracked case following a low temperature (100F) extended duration (from 26 to
95 hours) battery duration test (although battery duration proved to be
acceptable during this temperature extreme), and failure of a SAD display to
function on one unit, which occurred when testing was nearing conclusion. The
cracked case on unit 795 occurred after 75 hours exposure to the 10°F air
temperature. This is an indication that this instrument should be pzotected
from harsh environmental extremes above water. High temperatures (&bove 930F)
may also have a detrimental impact on the electronics, although this was not
evaluated at NEDU. Overall reliability was proven by the extensive nature of
testing, including; continued handling over a lengthy time frame, mud test,
500 FSW test, four foot drop test, and repeated pressurizations at 290F, 930F,
and ambient salt water temperatures., Electromagnetic Interference (EMI)
testing has yet to be conducted on these units.

3. Modifications for Improved Compliance with USN Specifications.
The Divetronic UDN can be made suitable for air or N204 diving within a
restricted depth/time domain if some modifications are made.

a. Display: Changes to display functioning are recommended for
simplification in accordance with human factor and information processing
guidelines. The stop time and SAD display positions should be reversed so
that the 10's digilt of the SAD falls directly below the 10's digit of the
depth. The warning lights should be relabeled/reconfigured so that the ascent
rate warning light illuminates a green LED. The three lights currently
available on the Divetronic UDM display should be programmed to function as
follows:

Green Light - On if depth 2 FSW or more below the SAD. Off at
all other times. This light is currently red on the
Divetronic prototype UDM tested at NEDU and is used to
indicate too fast of an ascent rate.

Yellow Deco Stop Light - On if within 2 FSW deeper or 1 FSW
shallower than the SAD. Off at all other times. The yellow
and green light should never be on at the same time.

Red Light - On steadily if more than 1 FSW shallower than the
SAD. This mode will never be on if either the yellow or green
light is on. Flashing should occur if either the SAD or depth
display flashes due to activation of the warning status. This
light is currently used to indicate max depth out of range on
the Divetronic prototype UDM tested at NEDU.

b. Warning status: A new warning status algorithm is protided as
Appendix J. Additionally, the SAD should be programmed to flash if it reaches
90 FSW.
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c. Programing: All current control of display flashing and
warning light functioning should ba eliminated. The displays should read
steady unless the warning status is activated.

The above modifications will make the Divetronic useful for N202 diving
breathing a 0.7 ATA P02 for all dives above the limit line in the tables
presented in reference 3. Additionally, these display modifications would
allow dives within the depth/time domain listed below if the current air
algorithm was programmed into the units:

Depth / Time
(FSW) (MIN)

40 / 300
50 / 240
60 / 240
70 / 170
80 / 150
90 / 130

100 / 110
120 / 90
130 / 80
140 / 70
150 / 60
160 / 60
170 / 50
180 / 50
190 / 40

In all of the above dives the 20 FSW stop never exceeds 99 minutes. In
some cases the 10 FSW stop does exceed 99 minutes but in this case the total
ascent time display will show the entire 10 FSW stop time.

D. Specification Modification. As a result of this evaluation certain
aspects of the UDM specification, as previously discussed, should be changed.

1. Depth Range. If the UDM is to be used with a nitrogen diluent the
current specification is satisfactory. However, if the unit is eventually to
be used for HeO2 diving the depth range accuracy should be increased to
450 FSW.

2. Microprocessor. Rather than an edge connector for display output
a true computer interface should be provided. The specifications for this are
provided as Appendix K.

3. Display Readouts and Lights. Times in either minutes or
hours:minutes are acceptable. The stop time display should be 3 digits.

a. Too Shallow Light: Illuminates red steadily on if 1 FSW or
more shallower than the SAD, otherwise it is off as long as the warning status
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has not been activated. If the warning status is activated at any time or
depth during the dive (either a flaihing depth or SAD display) the red light
should continue flashing until the warning ceases.

b. Algorithm Compliance Light: Illuminates green steadily on if
2 FSW or more deeper than the SAD. It should flash on and off if within
+2 FSW to -1 FSW of the SAD. Thus the diver will find he is at the
appropriate stop depth without having to turn on the UDM backlighting. During
decompression the diver will ascend until the green light changes from steady
to flashing, but not so shallow so as to illuminate the red light. When the
SAD decrements to the next shallower stop the green light will stop flashing
and illuminate steady, indicating ascent to the next sicop is possible.

c. Combined Light Indicator Functioning: The combined red
light/green light function will allow a diver to know what his decompression
status is at any time without having to turn on backlighting. At the
beginning of the dive the green light will be steadily on. If at any time the
diver ascends towards his SAD, the green light will start to flash when 2 FSW
deeper than the SAD. When he ascends more than 1 FSW shallower than the SAD
the green light will go out and the red light will be on steadily. When the
diver descends to within 1 FSW of the SAD the red light will go out and the
green light will flash and become steady as depth increases. Thus whenever
the red light is steadily on, the green light is out.

If at any time or depth during the dive the warning status is activated
then the red light will begin to flash (red light flashing could also signal a
low battery). When the red light flashes the diver will have to turn on the
UDM backlighting to see exactly what the problem is (maximum depth exceeded,
maximum time at current depth exceeded, low battery). This flashing will not
affect the green light, which will be steadily on or flashing as described
above. However, should the diver ascent shallower thc. the SAD the green
light will extinguish. Thus a flashing red with the green on indicates a
warning but diver is within algorithm compliance. A flashing red light with
no green light indicates a warning and the diver too shallow.

d. Case Identification: In addition to color coding, a
semipermanent label should be attached to the face indicating the particular
algorithm programmed into the unit.

VII. C C0 SIN

A. ORCA UDM. The ORCA UDM proved to be unreliable and cannot be
recommendeQ for ANU status without a complete reevaluation of an itproved unit.

B. Pending the successful outcome of EMI testig, the Divetronic TIDM .s
recommended for ANU status if the following modifications are made:

* Display reconfigured as discussed in the Modifications for Improved
Compliance with USN Specification in the discussion sect!on of this
report (Section VI.C.3.).
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* Reprogrammed with revised warning status algorithm and 40 minute tissue
tension limits, provided an Appendix J.

* Future UDMs should conform to the current USN specifications modified as
noted in Section D. Specification Modification in the di&;cussion section
of this report (Section VI.D.).

* A standard UDK design should be adopted which can be used to 300 FSW.
For dives deeper than 300 FSW a diver carried pressure transducer
connected to a topside UDM wxy be more appropriate for the rare
instances when bounce diving to these depths are conducted. Dives to
these depths might more likely be conducted in a saturation mode.

* Strong consideration should be given to providing a computer interface
instead of an edge connector for display readout. Proposed
specifications for this interface are provided as Appendix K.

* Careful attention should be paid to developing user level UDM test and
verification procedures to ensure proper functioning on a regular
basis. It is preferable to conduct these checks without a pressure
chamber by using the threaded pressure transducer connector. A suitably
programmed microcomputer linked to the interface should verify proper
UDN functioning and accuracy with a minimum of manpower and effort.
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1. Teot Title. M 15 UDC test and evaluation.

2. Test Number'. 85-37.

3. References

(a) NAVSIA Task Assignment 84-04
(b) DU Test Plan 83-17
(W) NNDU Test Plan 84-04

4. Introduction. Per reference (a), the purpose of this test is to perform
unmanned dives with prototype MK 15 UDCs to assess pressure transducer
accuracy, temperature sensitivity, battery duration, long term stability,
watertight integrity, and unit correlation with NEDU algorithm. A human
factors evaluation will also be conducted, including both a bench evaluation
(dry), and open water dives under conditions of darkness and turbid water.

This test plan supersedes references (b) and (c), and incorporates the
experience gained from previous UDC testing in the EDF. As additional testing
experience is gained, publication of a further updated test plan may be
warranted, with the goal of providing a standard test to be used in all UDC
tests in the future, including testing of UDCs programmed with other algorithms
developed at NEDU. The UDCs presently in custody at NEDU have been programmed
with the 0.7 ATA PPO2 in N2 Algorithm, designed for use with the MK 15 UBA.
Development of a standard test procedure to be used by fleet units will also be
required, which may include development of portable test equipment.

5. Program. Each UDC model will undergo a comparative evaluation under the
same test conditions in accordance with this test plan. Proper functioning of
the UDC display will be checked throughout the test, including monitoring of
UDC timekeeping accuracy. The repetition of dives will provide a basis for a
statistical evaluation of UDC profile tracking accuracy under continuous
handling. Testing will consist of five unmanned phases, using the Bethlehem
Chamber in the EDF, followed by a human factors evaluation. All tests are
provided below:

a. TEST ONE: Pressure Transducer Accuracy/Temperature Sensitivity. Six
UDC units will be stored at room temperature and placed in the Bethlehem
Chamber in a saltwater bath and dove to a maximum depth of 230 FSW, stopping at
10 FSW increments for 30 seconds during both descents and ascents to record
depth accuracy. The purpose of these dives is to test the depth accuracy of
the UDC's pressure transducer. UDC depth readings will be compared against
those of the Bethlehem Chamber digital depth gauge which had been previously
calibrated. Each unit will be tested in this manner at 93° and 29*F water
temperature, pressing all six units of the same model simultaneously on each
dive when possible. All units will be dove six times at each water
temperature. All units will have the depth accuracy manually recorded at each
10 FSW stop. A chart comparing chamber depth versus individual UDC depth
readings will be compiled.

b. TEST TWO: Long Term Stability/Temperature Sensitivity. Six units will
be stored at room temperature and placed in the Bethlehem Chamber in a
saltwater bath and dove to a maximum depth of 230 FSW, stopping at 50 FSW
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increments during both descents and ascents for 30 minutes, and 230 FSW for 30
minutes. Each unit will be tested in this manner at 93" and 29"F, pressing all
six units of the sans model simultaneously when possible. All units will be
dove six times at each water temperature, plotting one unit during each dive,
for a total of 12 dives for each unit, and two plots for each unit. Those
units which are not plotted on an individual dive will have the depth accuracy
manually recorded at each 50 FSW and at the 230 FSW stop.

c. TEST THUS: Battery Duration.

(1) Battery duration data will be logged during all phases of the
test. Those UDCs which use nonrechargeable batteries will be operated with
both commercially available alkaline batteries and lead-acid batteries
available through the Navy supply system.

(2) In order to provide a more specific battery duration test for long
duration functioning, all units will be maintained at a depth of 50 FSW,
recording the time at which a low battery indication is given. Monitoring will
continue until the unit fails. Those units which do not provide a low battery
indication will be monitored until the unit fails. This test will be conducted
at 29"F.

d. TEST FOUR: Profile Tracking. All units will be dove in a saltwater
bath in the Bethlehem Chamber in accordance with the profiles listed in
Table 1. The purpose of this test is to confirm the correlation of the units
software with NEDU's decompression algorithm for a constant PPO2 of .7 ATA in
nitrogen. The standard dive profiles to which the UDC• will be compared will
be generated by a Hewlett Packard 1000 M Series Computer.

e. TEST FIVE: Watertight Integrity. Watertight integrity will be
monitored throughout the test. Upon completion of all testing, all units will
be disassembled to check for water inside the case.

f. TEST SIX: Human Factors Evaluation.

(1) Each manufacturer's unit type will undergo a dry bench evaluation
for conformance to human factors specifications as published in the Commerce
Business Daily. Physical characteristics of each unit type will be assessed
using standard human factors engineering procedures and guidelines, and
photodocumentation of each unit will be accomplished. Wearing and use of each
unit type will be evaluated from an operational perspective, including
unassisted donnirg and doffing and operation of on-off switch when wearing
thermal protective garments.

(2) During manned in-water human factor evaluations, a human factors
questionnaire will be completed by each diver.

6. Preliminary Arrangements

a. NEDU has custody of six Orca UDC prototypes. The Divetronics UDC
prototypes were recently returned to the manufacturer after testing per
reference (c). Arrival of six Tekna UDC prototypes is anticipated in the near
future. The Tekna UDCs will be tested upon receipt.
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b° Unmanned testing will take place in the EDF, uning the Bethlehem
chamber and HP 1000 computer.

c. The EDF heating and cooling loop will be used to maintain the test
temperatures in the Bethlehem chamber. A propylene glycol/water solution is to
be used to achieve a temperature of 29*F.

d. All external leads will be run so that they can be operated at the
Bethlehem console. A miniaturized closed circuit TV monitoring system will be
installed in the Bethlehem chamber in order to monitor UDC display readout from
the Bethlehem console. Information read from the UDC display via the TV
monitor will be entered manually into the HP 1000 M series computer by direct
interrupt control box.

7. Unmanned Test Procedure

a. Test Equipment:

(1) Bethlehem 2000 FSW chamber.

(2) Validyne pressure transducer.

(3) Javelin closed circuit TV monitoring system,

(4) Heise depth gauge and Mensor depth gauge.

(5) Hewlett Packard M series computer.

(6) Digitec digital thermometer.

(7) Monte Carlo stop watch.

b. Parameters to be controlled:

(1) Depths 0-230 FSW.

(2) Temperatures 29* and 93*F.

c. Parameters to be measured:

(1) Depth accuracy.

(2) UDC algorithm compliance.

(3) Battery duratior.

(4) UDC timekeeping accuracy.

d. Data to be plotted:

(1) Depth accuracy.

(2) UDC algorithm compliance.
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(3) Warning status taet.

e. Test plan for pressure transducer accuracy, long term stability,
battery dtration, and watertight integrity testing:

(1) Establish designated temperature in UDC bath solution in Bethlehem
arc.

(2) Insure proper UDC functioning in accordance with manufacturer's
manual when unit is turned on.

(3) Chamber on surface.

(4) Adjust the voltage output of the Validyne transducer to coincide
with the span pressure of the Heise gauge and Mensor gauge.

(5) Preesuriza chamber.

(6) Manually enter UDC display depth into computer using direct
interrupt control box during pressure transducer accuracy testing, warning
status testing, and long term stability testing. Data will not be entered in
the computer for battery duration testing, no decompression dives, or
watertight integrity testing, but will be manually recorded.

(7) Bring chamber to surface.

(8) Record total battery hours for battery duration charts.

8. Post Test Arrangements. UDCs will be rinsed and dried after use.

9. Personnel

a. Number required: 4

b. Duty/names:

(1) Task Leader: LT C.G. Presswood.

(2) Test Engineer: as assigned.

(3) EDF Bethlehem Chamber Maintainef/Operator: Mr. D. Cowgill.

(4) EDF Bethlehem Chamber Operator: as assigned.

10. Safeity Rules and Precautions. As specified by the EDF Operations Manual.

11. Logistic Support

a. Air supply to Bethlehem chamber.

b. Propylene glycol.

c. Salt.
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12. Funding. NAVSEA 06Z.

13. Socurity. Nightly secure UDCa in locked storage.

14. Report Production. A written report will be forwarded from NEDU to NAVSEA
(OOC), with copy to NAVSA (06Z), within 60 days of the completion of all
required tests.
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TABLE 1

TEST PROFILES

(hEDU TEST PLAN 85-37)

I. NO DECOMPRESSION DIVES:

a. 40 FSW

b. 60 FSW

80 FSW

d. 100 FSW

5. 120 FSW

f. 140 FSW

g. 150 FSW

Each dive will be made as a single dive (no repetitive dives). No
decompression time is defined as all time prior to the time at which the Safe
Ascent Depth (SAD) changes from 0 to 10 FSW. The UDC no decompression time
will be compared with the HP 1000 computer no decompression time. Each unit
will be tested at 29*F.

II. REPETITIVE DIVES:

a. 60 Ft No Decompression

1 Hr Surface Interval at 1 Ft

120 Ft No Decompression

b. 60 Ft No Decompression

. Hr Surface Interval at 5 Ft

120 Ft No Decompression

This test is designed to test the UDC's switch from PPO2 of .7 to PPO2 of
.21 at 3 FSW. A comparison of the profiles will determine proper functioning.
A graph will be generated on one unit during dive, which will indicate HP 1000
computer profile cumpared to UDC profile. Each unit will be tested at 290F.

III. DECOMPRESSION DIVES:

a. 175 FSW 60 Min

b. 150 FSW 30 Min
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The UDC decompression profile will be compared to the HP 1000 computer
decompression profile. Test a. will be conducted at 93* and 29*F, Test b.
i4.11 be conducted at 29*F.

IV. RUTRTMTSV DECOMPRSSION DES:

a. 150 7SW 30 Kin

1 Hr Surface Interval

150 FSW 30 Min

The UDC repetitive decompression profiles will be compared to the HP 1000
:omputer profile. This test will be conducted at 29"P.

V. WARNIING STATUS TEST:

a. 150 M8W Until Safe Ascent Depth (SAD) flashes.

Ascend to 30 7SW Verify that SAD secures flashing, then
increase depth until SAD resumes flashing,
and stay at that depth until SAD secures,
flashing. Record time of HP 1000 computer
Indication that flashing should stop,
record depth.

Descent to 150 PSW Hold depth until SAD flashes, record
elapsed time, decompress to surface, record
time SAD secures flashing.

All UDC profiles will be .ompared with HP 1000 computer. This test will
be conducted at 29"F.
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APPENDIX B1

PRESSURE TRANSDUCn ACCURACY/TZMPRRATURE SENSITIVITY DATA

ORCA UDK AT 290F AND 930F

Actual chamber depth and comparative UDK depth readings are charted at

10 M5W increments during descent and ascent as 29"F and 930F water

temperatures. Six dives are charted for each UDK at each water temperature

to a maxium depth of 230 P8W.

IEt:

Figure B1 : ORCA UDK at 29OF Water Temperature, Dive #1

Figure B2 : ORCA UDK at 299F Water Temperature, Dive #2

Figure B3 : ORCA UM at 39'F Water Temperature, Dive #3

Figure B4 : ORCA UKH at 29'? Water Temperature, Dive #4

Figure B5 : ORCA UMU at 296F Water Temperature, Dive #5
Figure B6 : ORCA UK at 29'? Water Temperature, Dive #6

Figure B7 : ORCA UDM at 93-? Water Temperature, Dive #1

Figure B8 : ORCA UDM at 939' Water Temperature, Dive #2

Figure B9 : ORCA UK at 93'? Water Temperature, Dive #3

Figure BI0: ORCA UK at 93'? Water Temperature, Dive #4

Figure Bll: ORCA UDK at 93'F Water Temperature, Dive #5

Figure B12: ORCA UK at 936F Water Temperature, Dive #6
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Figure a1

PRISSURZ TR•DSCUn ACCURACT/TIFMATUUR SENSITIVITY

29*F WATM TUPRIATUIl, DIVE #1

10 MS INCREHMKS

ORCA UDI

(Damber UDI Depth Reading

Depth Unit 1173 Unit 1172 Unit 1171 Unit 0107 Unit 1170 Unit 1190

L TL W L L L. W L W L L LT

0 - - L 0 -x -

10 1m in to -2 10 1 11 1i 10 9 iL 1L IL

20 1L 20 20 20 2L 21 L 20 1L 20 19 19
30 F• 3 30 -32 -21 3 0 30 30 29 3

ALUL~U JUA 1 L 1LA L _AL _3L AL JL L

40 F 40 3_ 2_4 42 S2 41 4 40 40 40 40

so m so 49 53* I3 5L 2 L 2 SL _ML so sL ; 50 _S
60 M 60 _11 62 _I2L AZ 2 _f0a _A 0 _0 60 60 60

70 M 70 -A2 72 72 72 _22 70 70 70 70 70 70

go FSW 80 8 2m2 8 8 0 8 80 80- so --M

90 M 20 _ML 92 02 92 90 _ML 90. 90 90 9A
100 m 100 99L -In- 102 10L 101 lO 100 lO log 100 ;100 QD

110 FSw L1 ill 111 11L 11L 1L 210 11L 11L 0 110 i10

120 FSW 120 1]L 122 122 122 InL 120 12L 12M 120 lA& I =2

130 lSW 1 1XL2& 132 13 133 1311 130L 130 130 130 130 lAL

140 FSW 140 140 142 142A142 140 14L 140 ý 140 lAQL
10F 1019152 152W 1S2 I5 1S2 rl0 1015 • 5

.160 FIX 160Q 160 162 JAL- 1=2 16- 2160 ý 160 160 10_ _160_ !0

170 FZW 170 170 172 172 173 1 1 170 .170 170 L 1

1802F 10 180 182 12 1_2in lL O 1_in 1"0 1_L 180 in-
190 FSW 1 L 1 12 12 120 190 1lL90 lL 190 J19 I90
200 FSW 20000 0 •222 203* 20=1 199 •199 200 ý200 20020

210 SW 2U0 21& 212 212 2 20L =208 20 2 210 Z21L
220 FSW 2 220 12222 2 23*223* 2 2121l9 220 220- 220 2

230 FSW 230 -- 1 23L - 2 - 23 -. 228 -

- Indicates no reading taken
* Readings outside of *2 FSW specification
I Descent
T Ascent
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Figure B2

PRESSURE TRANSDUCER ACCURACY/TEMPERATURE SENSITIVITY

29-F WATER TEMPERATURE, DIVE #2

10 FSW INCREMENTS

ORCA UDM

Chamber UDM Depth Reading

Depth Unit 1173 Unit 1172 Unit 1171 Unit 01C7 Unit 1170 Unit 1190

O_ 0 - , 0 -0 -0 -0, -
W10 12 W10 10 0 -- Q -

AQ-,IL20 FS . 20 20 20 0. 22 22 ;0 20 20 20 . 20... 0

33 FSW 30_ 30 32 30 30 30

40 FSW 40 40 A2 41 42 42 AL41 40 4L 40 !L0i50 PSW so so so s0o5 52 51 51 51 50 50 50 so
"I60 FSW 60 6 62 _U_ -2 U 61U 61 60 61 61 §D0 10

7_ 70 FSW 72_ 72) 72 72 70 70 70 70 70 -70

.80 FSW 8 80 2 82 80 80 32 82 82 _U_ 80 80

99O -L90 FSM- -292.- 93* 22 91 _11_ 22 92 90 90
1 00 rSW O 100 101 103 102 101 101 100 3.00 100 i00-
II0 FEW 110 112 U 1 12 11 0 ii0 i 110 1i I0 110 1i1i0

-120 FS r2 I, it21 ý 12 122 120 12&0 12 0 120 12012

130. )W 1QJ _. 132),__I. 13,2 U 130 I130 130 130 130 130Q
14.0 FSW 4 4 14,2 142U 142 142,2 1-4t0 1140 14,0 140, 14,0 14n

15 153.0_j _W 152 ,1:•2 152 1.0 150 1.50 150 _.t'L% ..,59

160 FSkW 160 16C, 16-3. 163*. 162 161ý 3,59 j"5 1&1_ 160 160 •_JýU

170 FS 170 170- 173* 173" 172 171_ 169 169 171 171 170 11.70

180 FSW 1%80- ,8 183.* 183. 182 182 179 179-. _101 181 180 1180
190 FSW 190 190 -19221 192 12 189 189 -121_ 1.21__0.. 190

2 .Q FSW 20 n f i t2 3. 203* _ 202 201 _ U 19 9 a19 .20 .2 1 0 0
_.015 ._-2,0- 210 213 .213* 212 ,•2 2921 0 1a 2 11 21 20_
220 FSW i,220 220 22Z 222 22 18 I"_8 22122 2020

20F.! 23 23 23 . 232 - 229 - 23.- 26 -

- ndinates no reading taken
*Readings outside of ±t2 FSW specification

I DescentSABlsLLn

~LZ~L~JAL~L ~ ~L L AL- 1LAL A



Figure B3

PRESSURE TRANSDUCER ACCOSRACY/TEMPERATURE SENSITIVITY

29F WATER TEMPERATURE, DIVE #3

10 7SW INCREMEUNTS
ORCA UDM

Chamber UDM Depth Readi•g

Depth Unit 1173 Unit 1172 Unit 1171 Unit 0107 Unit 1170 Unit 1190
: : Ix I I I . I ? I T I I

±1- o -± - 0 =. 0 -=- _0

10 lSW 10 IQ_ i 11 12 11 11 1 1 10 101 01

20 SW 20 _ 21 21_ _. _n 21 0 20 20 2A __2& 20

Q0 FSW 30 30 32 01 33*3 30 30 30 30 30

40 AW A 40 AL 42 42 42 40 40 40 40 40 40

= 1& 50 -M1 51 so 52 52 50 0 . 0 50 50

60 )SW 60 60 60 61 63* &L 61 61 60 A0 60 60
70 FSW 70 70 72 72 72 72 70 71 ,71 70 70 0

80 OW, 1 80 1 82 _2 83* A2 81 81 1 go 80 80
9Q FSW 90 90 92 91 93* _.U 90 91 91 90 90 90

100 FSWi 101 100ýL 102 102 10&3. 103- 101 101 101- 101 101 101_
i). SW 1 11 1 -132L 112 113. 113- 110 110 111 111 -110 110

_10 JSW 120 12& IZ2 122L 2 123* J-I L 0 19 J19 120 10 120L
130U S 13Q 131, 133. 133. 133.!133-i 1-30 13 10 3 10 3

140 ES 140 143*. A3. 1432.143* 140 140 141 141 I 140 10A
S 151 153* 153 163* l52 150 150 1 l51 150 150

160 FSW 160 160 13" 13. 163" 12 160 183 J0 il1 lL 1 JILL 6 6
170 FSW 17I n_ 173" 173* 17* 172 _12_ 169 170 170 170 170n
180 FSW 1010 8"18" 8212 179 179 1018 1010

190 SW- 190 19 9"13 9"193*_"_18 18 190 190 1019

200 FSW- 200D- 200 -292, 202 202 202 199 199 2.01 200 ,20020

210 FSW 210 210__ 212 1 211 211 209 Z10 210 L 10 210 210
.220 FSW 218 .21 2222 2L1 222 22aL. 2JLL 218 220 220 220 220

- ;.30 FSW 229 - 23 - 231 - 228 1 230 - 226* -

- Indicates no reading taken
* Readings outside of ±2 FSW specification
I Descent
T Ascent
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Figure B4

PRESSURE TRANSDUCER ACCURACY/TEXPERATURE SENSITIVITY

29*F WATER TRNPE&MTURE, DIVE #4

10 FSW INCREXERTS

ORCA UDM

Cwamber _ UD Dmpth Reading

Depth Unit 1173 Unit 1172 Unit 1171 Unit 0107 Unit 1170 Unit 1190

- 0 - 0- - -

10 S I 10 10 11 ii I 11 11 9 IQ 9 9

SFSW 20 0 20 20 20 21 21 20 20 1 19 20

3Q FSW 30 30 31 11 32 2 30 30 ,,30 30 _30
4 0 F S W 4 0 4 0 4 1 §1 . _ __ 4 2, 4 0 4 0 4 0 4 0 , 4 0 _4 D _0

50 FSW so so 53 .2 53- 52 51 51 ,U L5 50 so 50

60 FSWL 60 60 6Al AL 61 60 60 59 60
70 FSW 70 70 71 21_ 72 7n 71 ,71 70 170 70...7

40 FSW_ 80 O 8 2 _ * 8so 819 8 0 -IQ 81L

90 FSW 90 90 92 -22 92 9J2L 90 91L 90 2- 90 -• 91,100F 1 10 1L2 10 103 103" 100 100 101 101 1lo 1l0

110 FSWA Ill 1 12 113" 110" 1 10 I i 1 11 110 110I
120 USW 121 .3" 12& 123" 123* 120 120 121 i1a 120 120

130 FSW 1 31 1 133" .132,__ 13" 133" 130 130 11 _131 130 1L0

140 FSW 141 JA IL 143* 143"* A 0 - 4 0 11 _ I_41 140 1A0

150 FSW 151 150 " 153* wL 15*I 150 150 15 1510 In 50 150

160 FSW -160 10 162 162 162 162 16L 16- 161 161 160 160

J170 FSW 171 171 173" 173" 173", 12 170 170 .U1 171 170 170

18P FSW 18l l8 1_3± 1L_ 1.2L 12 8010 12 1 1 79
190 FSi].__.9Q _ 191 192 192. 192 .192 19 10 190 190 189 189

Q0 FSW 20Q 02 202 202 2 _2L 199 _199 201 0 20Q 200210 FSWj J -21 210 2&13 212.- 212 2.11. 209_ 209 21 .21Q 210 ILL

220.3.w.I0 .0 223. 223 . 22- 2 2.9 9 ZZQ .221 227, 20

- Indicates no reading taken
SReadings outside of ±2 FSW specification
I Descent
T Ascent
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Figure B5

PMS SURE TRANSDUCER ACCUkACYiTEMPERAiUE SENSITIVITY

29-Y WATER TEMPERATURE, DIVE #5

10 FSW INCREMEOTS
ORCA UDM

UDH Depth Reading

Depth fnit 1173 'Unit 1172 Unit 1171 Unit 0107 Unit 1170 Unit 1190

L L LL J- ~ _ I __

o oi - o-

IQ Fw -o 1o L .U 19 f 9 1 _ 9 P 9 9

20 FSW 20 n 22 20 21 21 19 20 19 1L 19 19
3FW 330 0 3 331 1 31 29 -219 29 29 29 2q•

40 FSW 40 40 41 AL 1L 41 39 39 32 32 39 39

50 rSW so I0 so 51 1 5 51 49 49 49 49 49 4_AR

60 FESW 60 60 6 1 61 61 59 52 59 59 59 59

70 ?SW 70 70 71 71 71 71 69 69 69 692 69 _&q
80 FSW so 80 8L 8L 81 L 79 79 79 79 79 79

90 FSyn 90 .90 91 91 92 191 89 f29 89 89 89 89

1..00 F&W 1000 0 102 102 102 102&LL 99 99 i00Q 99 9ý9 99 1
i110 FSW 1 10 12 11 112 112 109 109 1L109 19L

120 FSW -229 , I120 122U 122L -12- 122 118 112_ 120 t1 119 119

130 FSW 130 130 132- 132132 13- 2, 128 12.2 130 12,9 12912

140 FSW- 40 4 4 142 -142 ,4 138 139 140 140 L 13919

150 raw___150_ 150 152 132_ _152 151_ 148 ,148 150 150 149 1149

150 FSW 160 160 16-J2 162 161 161 158 158 160 159 ,152 159
170 FSW 19 70 172 In_ 171 11 • 168 170 170 169 1169

180 fSW 179 1179 182 182 181 181 178 178 180 179 19i7
190 FSW 8 8 9 92 1111 17 187" 190 189 18 19
200 FSW 19 M JI2,L 202 2Q2 J92 00 197" L,9 * 200 199. 99 199

210 FSW 20 209 1_21 2121 0*207* 210 21 0 9-20_29_
220 FSW 21913__ 2 2 a22 220 221 2 217217 20 _ 2_ 0 219 2,1,
230 FSW 22 3* - 21- 227*1 - 1228 -• 223".

SIndicates no reading taken
*Readings outside of ±2 FSW specification

I Descent
I Ascent
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Figure B6

PRESSURE TRANSDUCER ACCURACY/TEMPERATURE SENSITIVITY

29"F WATER TEMPERATURE, DIVE #6

10 FSW INCREML•TS

ORCA 'DH

Chamber UDM Depth Reading

Depth Unit 1173 Unit 1172 Unit 1171 Unit 0107 Unit 1170 Unit 1190
I~l T' ' -• L=T 1 I t I F ..

- o - -I -

10lZFY 1F S 10 19 11 11 L 10 9 9

-U.W. _12_ 21 20 21 21 19 A 12 19 19 19
j_• FSW 30 30 31 31 31 _U_ _.M Z939 29 ___ _29 2_

•9IW . 40 40 41 4 1 .1... 3930_. 39 39 39.-39-
.,.50 FSW , 49 _50 51 51 51 S1 -42 5 A9 ,49 50 49

60 FSW 59 . 1 1 61 61 _52 60 52 .329 60 -132
70 F AW 09 69 71 _ZL 71 A 9 69 69. 69 70 ,7&o

80 S 79 7 . J., 81 _A1 . 79 79 79 80 ,_,1_
90 FEW 82 29 1 91 91 'q1 T, 89 89 89 S9 90 9()

10o ]rSW 9 10 10 210 99 99 99 99 loo 1oM

110 FSW 109 1110 111 .112 Ill .ill_ 19109 109 13 9 .1 10 110 j_

=12?SW 11 10 11 122 . 122 alL 118 11 119 119 120 lfZL

I 130 FSW 130 12•, 132 1-22 132L .L31 12 128 129 12L 3 130
_1Q sw ]3 140 142 142 141 .,LU_ 138 138 19139 ý140 z.._

150 ZSW_ 142 1 1250 _ _ L Z.Qi 151 LU_ 148 -148 149 149 150 150.
160Q FSW "],.59 1&D0 162 16.2 16 161 158 158 lIS 159 160O 160
_In FSW. _10_ 16•c 172 172 171 171 .16, !168 170L 170 1 70 170Q_

"180 Cs fl 7_1 181 181 177* A8 179 9 180 18E
190 FS- 18 1 189 12 i192 191 3-.91 187"Z 187* ,189 189- -.190 190
• .F•I.I_12.2 _ 2Z02 22 = 201 [21 97 197" 192 199_. 20020

-M 2.-[Q2 - 1-I•9•,O,_. 12 Zj 21 1 207" 207* 209 209 21Q 219_-

112,.. a22 2121 219 219 22L,,.2 2 2L
_23P .a29 ..233 -F23.. 22*-27".L..- 4 226* - -

Indicates no reading taken
* Readings outside of ±2 FSW specification
I Descent
T Aaent
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Figure B7

PRESSURE TRANSDUCER ACCURACY/TEMPERATURE SENSITIVITY

93F WAThR TEMPERATUREl, DIVE #1

10 FSW INCREMEZTS

ORCA UDM

Chamber UDM Depth Reading

Depth Unit 1173 Unit 1172 Unit 1171 Unit 0107 Unit 1170 Unit 1190

I W I I T L I T I T

10 PSW 10 -0 9 9 9 9 9 9 10 10 9 10
20 FS 20 19 19 19 1 19 19 20 20 19 19

03 02 3 2 9 30 _L 29 0 29 29 2 30 30 29 0

40 FSW 40 39 39 39 39 39 39 40 40 40 39 3M
S0 FSW-: so 49 50 so so 49 49 50 so so 49 49

0FQL 59 60 59 59 60 60 59 9 60 60 59 59
70 1'W! 69 69 69 69 70 .70 69 70 70 70 69 _70

80 FSW 791 79 79 79 80 _0 79 79 80 L 0 79 79

90 FW 89 89 89 89 90 90 89 90 90 91 89 89

100 FSW 99 99 92 99 i00 I00 100 99 101 I00 99 99
110 FSW 1Q0 110 109 109 110 110 DL0 110 110 111 109 109
120 FSJ 119 119 119 11L 120 12D 119 120 120 120 119 119
130 FSW 13L 13 J29 IM0 J.1 129 130 131 11 12& i129
140 FSW 139 140 19 In_ 140 1A4 139 139 140 JA_ 1U_ 139
150 FSW 150 ý149 ý-149 ý149 150 150 is 50 11 5 149 JAI_
160 FSW I"_15 159 1"9 _M_ 160 159 160 161 160Q_ 159. _W_
170 FESW 169 169 169 169_ 170 170_ 170 169 170 7 1 6

180 FSW 180 179 179 179 1 180 179 179 180 181 178 179
190 FSW 1892- 1&29 189 189 190 19 ,•189 190 190 1818

200 FSW -122- 19 19 200 199_ 199 199 200 2&- -12L8 1399

210 FSW 208 209 2&2 209 _Z1 210 208 2& 208L 210 209 ,209

220 FSL _2j 219 219 .219 220 220 219 21 220 iQ 218 209
230 FSW - 229 230 - 2 - - 228 -

- Indicates no reading taken
I Descent
T Ascent
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Flgure B8

PRESSURE TRANSDUCER ACCURACY/TENPERATURZ SENSITIVITY

93*F WATER TE;PERATURE, DIVE #2

10 FSW INCREMENTS

ORCA UDM

Chamber UDN Depth Reading

Depth Unit 1173 Unit 1172 Unit 1171 Unit 0107 Unit 1170 Unit 1190

t I t I I T T

- - 0 - 0 - 0 0 -

10 FSW 10 L 9 L 0 Q 10 9 9 10 10 10

20 MF 20 20 1 1 19 + 0 19 2 20 20 90 2L
30 ]MW 20 30 29 29 + 0 29 _2_ 30 0 30 3L
40 FSV 40 40 9 39 0 O_ 39 40 40 40 40 40

so FSy 9 50 4 49 0 0 49 50 so so 50 5

60 FSW 59 60 59 59 0 0 59 _f& 60 60 60 60

70 FSW 69 70 69 _69 Q 0 69 70__ 70 70 70 6

go rSW 80 71_ 79 79 0 O_ 79 80 80_ 8b 79 79

90 FrSW 90 90ý 89 89 0 0 90 812 91 g9 90 89.

100 FSW 99 ion go go' 0 0 go 100 100 100 99 99

110 FSW 110- 1"- 109 109- 0 0 1092 11_ -- I" 1&29 log 109

120 FSW- 1192 32&- 119 119 0 0 1U2-12&0 121 119 119 119U

10FW 130 1M0 129 129 a 0 130 12.:11129 1290 12

140 FESW 139U 140ý 139 i13 " 0 0 14I 10 4114 141 141
150 FSW 150 150 149q 149 0- 0 ISO 50 10 5 149 14-9_

160 FSW 159 .160 5 5 0 .0 159 160 16010 5 19

170 FSW 170 170 19!6 0 0 -12D0 170 171 170Q 169 169A2

180 FSW U8 7 1919 0 0 17D9 180 181 1792- 179- 17-2

190 FSW 189 .190 189 "18 0 0 f1,89 1190 190 190 189 1189
200 FSW 0019 199 1199 0 0 199 199 20 00 199 199

, 10 FSM -2&9- 20 209 Z09 0 0 2 &9 -20• 21 2 10 820

220 FSW 219 .219 219 212- 0 0 219 .219 220 .220 219 1219

230 FSW 229 - 229 - 0 0 229 - 230 - 229 -

+ Indicates unit went blank
-Indicates no reading taken
SDescentI Ascent
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Figure B9

PRESSURE TRANSDUCER ACCURACY/TEMPERATURE SENSITIVITY

93-F WATER TEMPEWZATURZ DIVE #3

10 FSW INCRWOETS

ORCA UDH

Chamber UDK Depth ReadixL

Depth Unit 1173 Unit 1172 Unit 1171 Unit 0107 Unit 1170 Unit 1190

t __ f I t I t I T I T
0 - 0 - 0 - 0 - 0 - 0

10FBL 1L e 1 10 10 0 a 10- 10 10 19 10 1L
20FS"W 2 Q 2 20 20 0 0 20 20 20 20 20 20

, 30 E --30, _3 30 _30 .,0_ 0 30 L 0L 30 30 30 A3
401 b'W 40 40 40 40 0 0 40 -490 40 41 40 3

50 FSW 50 50 51 I51 0 0 so SO 51 51 49 49

60 LSW _ 10. 60 6M 0 0 0 60 ,60 60 5L9 --529
70 FSW 9 70 70 70 0 0 70 70 70 70 69- 69

80 F-SW 79 so s0o8 0 0 80 80 80 79 ,.79 179

90 PSW 90 go7 9 0 9,0 -ML 90 90 89 89

100 SW 100 100 100 100Q 0 0 100 100 100 3Q0 99 99
110 FSW 10 L 110 110 0 0 110 110 110 1lL ,109 19q

120 FSW 120 1ZL 120 1J2 0 0 120 2 L0 119 1 l 110 122

130 FSW - 30 130 I=_ 130 ,.0 0 130 "L 130 In_ _129_ 12

140 FSW 14 UL4 1-0 140 0 0 140 140 i 140 140 .139 19

15O FSW - 149 10 5 _% 0 0 0 150 150 149 159 149 149

160 FSW 0 16L 160 160_ 0 0 160 l 0 160 159 L 15 9 159

170 FSW 70 L 170 170 0 0 170 170 1169 1i9 169 ilL
180 FSW 179. 179 180 180- 0 0 _In_ 180_ 1792 j79 179 179

190 FL W 1ML In- 19L 9L0 0 0 190 190 189 18 I89 189

200 FSW 1 2 2 _9 200 200 0 0 200 200 199 1L99 198 9

210 FeW 209 20L 2Lo 2oL 0 0 2&L M.2 -9 o 208 2&2-
220 FSW -21219 ML2120 2&20 0 0 _22D 220 219 12-9 2 18 2,.U

230 FSW 22L -2 - 23L - 229 - 228 -

- Indicates no reading taken
I Descent
T Ascent
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Figure B10

PRESSURE TRANSDUCER ACCURACY/TZMPERATU SINSITIVITY
936F WATER MTEPERATUR DIVE #4

10 M'S INCREMENYS
ORCA uDE

UDN Depth leadingChamber ,

Depth Unit 1173 Unit 1172 Unit 1171 Unit 0107 Unit 1170 Unit 1190

.,- - o - 0 - -- - o-

10 1Q l l l 0 l_ 0 l l 10 lo 1L
201ZI 20 20 20 20 0 0 2L0 ,, 20 20 19 20

i,30 MS 30 SO 30 a_ 0 0 29 _M 30 30 30 30

40 FSW 40 40 40 40 0 0 40 40 40 40 40 40

5o0 sW t s 3D so -3D o 0 5o so Sl Sl SOso-,.
60FX _. _Ao 60 6 0 0o • 6o 0 so 0 60 60
70FSý 7Q.-_ 70 70 70 0, 0 70 70 _70 70 69 69

-80 FSy 80 8O go _10 0 0 80 -P0- 80 go 79 79

20 MoF 90 -w0 90 90 0 0 90 90 90 90 89 s9
100 FSW- 100 ý100. 00 100_ 0 2- 100 100 100 100- 99 -22

110 FSW 10ll 11 11 O 0 1011 010 0 10

,120 FSW .120, In_ 120 12&0 0 0 12 10, -129- 120Q 119- 119-
130 FSW 130 130 130A 130 0 0 13 -An 0 130 130 1J2&-122-

140 FSW- 140 140- l.•0 140 0 0 140 140 140_ 1-39 139 139

ISO FSW 150U IN-.i150 150 .0 0 1so 150 150 19 149 149

160 FSW- 60 1160 _160 ý160 0- 0 -152- 209 159- 159- 1 12-

170 FSW 170 172A_ 7 0 0 17 7 169 169 _16 .169

180 FSW 18,, 10 8018Q 0 0 79 80 80 80 179 179

190 FSW 190 190190 190 0 a 189- 190 _189 189- 188 JA29

200 FSW- 200 2&0- 200 2&9- 0 0 9 0 199 20( M19 19

210 FSW 210 _ 21 10 210 0 0 209 210 209 202- 209 20-

220 FSW 219 1219 2 02Q 0 0 219 219 219 219. 218 219_

230 FSW 229 1-_ 230 - 0 - 229 - 229 - 228 -

- Indicates no reading taken
I Descent
T Ascent
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Figure Bll

PR U TRANSDUCER ACCURAC/T•/ nFATURE SENSITIVITY

93rF WhAFR TEMPUA2' , DIVI #5

10 FSW INCREMENTS

ORCA UVO

Chamber UD_ Depth Reading

Depth Unit 1173 Unit 1172 Unit 1171 Unit 0107 Unit 1170 Unit 1190

0 - - - -. - - -1.0 -IW I t I IL I
- -, 1.

10 U 10 10 9 9 L 0 9 19 7* 1C

20 FS' 1l 20 l l _0 19 10 2c 0 17* 20 20
30 leSW 30 29 29 0- 0 29 29 30 27* -2a -A-

40 M 40 9 39 _,31_ 0 0 3 L9 40 7*_ 39 40

so m 49 49 49 so 0 0 49 .,5 10 47 1 0 50 50
60 FSV 60 so 59 0 0_ 59 59 0 7. 5g 9
70 FSL 69 70 f9 fg 0 0 69 6 7L 0 . 69 69

so FS'# 79 79 12 79 0 0 79 80 0 77*: 79 .'79

90 I•V 90 90 89 29 O0 0 1 9 8 90 86* 99 189

100 Fsm gg 99 9g 99 0 0 99 99 1G 97* 99 99

110 FSw .-lo i109 109 109 0 0 10 110 X . 110 106. 10g 1109
120 FSL 119 11g 119 1LU 0 0 i 11 I=- 120 Ilk* 119 119

130 FS 1 130_ _j2 129 0 0 129 2 12 122

140 PSW 139 1A 1L132 0 0 13n 139 14 13. 132 13L

ISO 1D 10 130 149 149 0 _Q 49 MD_ 10 149 L 149 1749

1160 FSW 9L 15 1g 10L 0 0 159 109 16 160 152 159

170 FW . 170 1g 169 16_ 0 0 169 .169 170 LU" 6*16
180 FSW 179 .179 179 1179 0 0 179 179 180 177" 179 M1 9

190 FIN 189 18g- - 1 2- 189 0 0 18 8 9 , . *_. 18ý9__ 8
200 FSW 199 199_ 199 Ln 0 0 199 199 200 197" 199 199
210 FSW 20.209 209 209 0 0 209 .L20 -20- 207* 209 ZU

220 PLW 2L9 -1 219 219 0 0 -2Q12-219 212 218-. .218 1212 i

230 FSW 229 1 2 2 0 229 1 229 22 8 L

- Indicates no reading taken
* Readings outside of ±2 FSW specification
I Descent
I Ascent
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Figure B12

PUSSURE TUANSDUCll ACCURACY/TZNPERATURR SENSITIVITY

93*F WATER TENMPATURZ, DIVE #6

10 FSW INCREENTS

ORCA UDK

Chamber _UDK Depth Reading

Depth Unit 1173 Unit 1172 Unit 1171 Unit 0107 Unit 1170 Unit 1190

- -0 - - - - 0 - - 0-

.10 FSW 10 1 10 10 1 10 10 10 10 6L L0 10_

20 FSw 20 20 19 20 19 19 20 20 20 16. 20 20

30 FSW 30 L 30 _0 30 _0 --30 _, 30 26* 30 30

40 FSW 40 40 A0AQ _0 40 -JUL 40 4A0 32 35* A 40 _M_

-- o FSW s0 5 50 50 so I -, 1 so 5s o_ 45* 49 50

60 FSW 0 60 _W 60 60 .. 4 _6 60 60 55* 60.59

70 FSW 69 20 69 70 7g 7n 10 70 69 65* 70 7L
80 FSW go 80 so AD- so •80 ag0 80 79 75* ,79 L._..q_

90 FSW 89 9 90 90 91 og .9 90 90 85* 89 89

100 FSW 100 10A 100 1 1 -1 1 00L 29 94* 99 9229-

110 FS Q 110 110 110 11 l 110 1" -109 10* 102 192

120 PON 120 120 121 i2L 120 12 1 119 120 119 .1414 12Q

130 aW 30 3 10 1 131 131 !30 130 l29 L2L4" 129 LU
14Q.FSW 140 ý140 4 40 -_4 4 4 140 18 34 149. 149

150 FSW 150 150 150 150 151 51 5 150 I SO 148 -1• 149 -14•

I6Q0 FL 160 160 160 160 16 6 16 i16 158 14. 159 15
170 FSW 69170 170 170Q 17 171 -170 •17Q 168 164. 162 IA69

180 FSW 172 18Q 180 i180 18 8 8 180 17A 174- 179 179

190 FSW 189 189- 19" 190 111110 12 0 -8K 185. 8 189_

S200 FSW- 200 19 2002L 201 201 20000 1 98 .195*- 98 199

210 FSW 210 2&J- 210 .209 _2,_21I0- 209 _ZIP_ 208 205* 202 209,Q
n sw ,o o 22Q 1220 2,1 n o 20o 218 ala 218 ,112

_Z30 Fsw 2 - 2 J. 222. -292

- Indicates no reading taken
* Readings outside of ±2 FSW specification
i Descent
T Ascent
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APPENDIX E2

PRESSURE TRANSDCZR ACCURACY/TZMPERATURN SENITIVITY DATA

DIVITRONIC UDI AT 29*F AND 930F

Actal chamber depth and comparative UDK dcopth readings are charted at

10 ISV increments during descent and accent as 291F and 936F water

temperatures. Six dives are charted for each UDK at each water tew'erature

to a mazinum depth of 230 FSW.

Figure B13: Dlietronic UDK at 290F Water Temperature, Dive #1

Figure 314t Divetronic UDN at 299F Water Tempexature, Dive #2

Figure B13: Divetronic UDK at 29OF Water Temperature, Dive #3

Figure B16: Divetronic UDM at 290F Water Temperature, Dive #4

Figure 317: Divetronic UDK at 299F Water Temperature, Dive #5

Figure B3S: Divetronic UDM at 29rF Water Temperature, Dive #6

Figure B19: Divetronic UDN at 930F Water Temperature, Diwe,#1

Figure 320: Divetronic UDH at 93OF Water Temperature. Dive #2

Figure B21: Divetronic UDK at 930F Water Temperature, Div* #3

Figure B22: Divetronic UDK at 930F Water Temperature, Dive #4

Figure B23: Divetronic UDK at 930FWater Temperature, Divte #3

Figure B24: Divetronic UDK at 930F Water Temperature, Dive #6
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Figure B13

PRZSSURE TRANSDUCER ACCURACY/TIKERATUU SENSITIVITY TEST

294P WATER T MPI'ATUR29 DIVE #1

10 ISW IICREMENTS

DIVETROONC UDK

Chamber _UD 
Depth Reading

Depth Unit 889 Unit 215 Unit 836 Unit 795 Unit 864 Unit- 861

0 ML 0 0 0 -A L 0 0 0 0 0 0 0 p0

10 IPSW 10 1 10 10 10 10 10 IQ -10-

20 S 21 21_ __a_ 20 20 20 20 20
30O S1 -00 031_ 30 30 30 30 3 0 3

40 40 41 40 40 40 4A 40 Al 40 40 41 41
so 51y so 50_ so so so so so 50 so so s 51

toPW 61 61 60 0 0 "1 0 6160 60 61 •

7071 _ 71 7D_ 70 70 _71_ 71 71l 70 70 71 71

80 82W 80 go 81 a1 81 81 80 -ILL 1U A81

20rw 91 22 90 90 91 _11_ 91 _21_ 90 _1_ 91 9

101 102 IOZQ 100 101 1 101 JAI_ 10Q 101_ 102 !02

110 112;IL 11Q .110 111 111 111 111 111 111 112 .112
1122 22 120 121 1 21 1 2 122L 121 12_ 122 122a

10132 1 131 131 132 132 U_ 1 L U _32 .11_ 1L 132

140 L 142 143 _149 141 42 142 142 141 141 142
152 153*L 151 151 152 152 152 151 151 153L 153.

160 162 162 1D0 16 JAI_ 162 2 1&L 162 161 1DL 163*" 16"

17 W 172 i173. 170 lL1 1 172 172 172 1 71 171 173" 173L
180 .i182, j1l" 180 Ill 182 182 182 182 11 181 183" IL*_
190 3"13 " 190 190 _1 2L_192 192 192 191 122 193 ]&I

200 JAL 2 03* 200 2&90 202 L203*2 20 201 2A02 203* 203*
2_1 213" 20_ 21J& 213" 213".I 213* 213*2" _21 2L2 213" 11h4"

22 S 2141 21"- -220- 220 220 220 222 -2212 -22L2 222 22 122
23L214"21 222* 222* 2QL*LL20 *2 222* 222* J22 2* 22 203*zi~A* ji UlL 1i 1*a~ l l 22l*1223*1

* Readings outside of *2 FSW specification
I Descent
T Ascent.
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Figure 814

pESSUE TnANSCUm ACCRACYT/IERAXUR SSITIVITY TEST

29F0 WIAn TIKRRATUUZ, DIME #2

10 M INCUIMINTS

D1VZTRC OUL

Chamber _M_ Depth Reading

Depth Uait 889 Unit 215 Unit 836 Unit 795 Unit 864 Unit 861
_- ,,,,U ,,,

0 0s a 0 0 0- 0 a 0 O-J 0 0O O

10 m1 1L 10 L _0.;a 10 -10 10 -L 10 1Q-
2 1 21 2 20 120 20 21 21 20 20 " 20 21

30L 30 30 30 3L0 in 3Q_ = 0 30 30

40!1 __U 4Q _M_ 40 40 41 -to4 • 41 41

so 51 so so 5 SO 51 so so. Q5 1 51

60 61l 60 -AD 61 61 61a 61C -M_ 60 Q 6 l -Al- -

70PM 71 71j, 70 70 71 71 71 71 70 70 71 71JL90LW go al aL AL 92ALA

92 92 90 -9 - 92L 921 92 _9 _291 - _9_g 922 92 ,
0LL 210 1100 "0 101 101 10 101 , JIL 102 M02,

10 12 L 1 _I& 1L 110 Ill 112 111 11L Ill 112

10122 32a2 ZL "1- 122-2L2 L L 1223L - 12L 121 122 12l
133M2L 12 1L3 11 12 13L_ L2_ I2 131 L _LI ZL 132

140 143-JA 140 141 .142 .142 142 L 14 L 1411 3.42 14

150 5L -31A53. 151 1 1 5 152 151L 151 1l52 153" AU 1 53

160 .1 163* 131a2 162 IL_, L 161 J62 - 163", 163*
170317373 1711027 12 7 172 1117217"73

183-183 180180 172121212 _ 181 I8 _ILI* ILI*_

19193* 1- 190 19Q 192 J3.193 -ILI*-9 193* -1 L M2- 1 *1
ZSZL-203* 2&3-* 200 20 200 * 292 3*I 203* 20M3* 2022223 0

210LL213. Z *13.2 210 21"23 213" 21a...21L 2L 23 2213-==

220 z1. 2131 -=0 220 219 219J 222 2U2 222 !222 222 222

230 213.213" 222* 222*1 219" 2*9 222*l222*l 222*222* 222* 222*

* Readings outside of *2 FSW specification
I Descent
I Ascent
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Figure B15

1PESSURE TRANSDUCER ACCURACY/TENPERATURE SENSITIVITY TEST

29-F WATER TEMPERATURE, DIVE #3

10 FSW INCREMENTS

DIVETRONIC UDM

Chamber UDM Depth Reading

Depth Unit 889 Unit 215 Unit 836 Unit 795 Unit 864 Unit 861

o FSW 01] 0 0 0 0 0 0 0 0 o

10FSW_ 1 0 1 0 I01D 10 11 i0 10 10 10 10 10
20 F1N L 20 _21 20 20 -.a- 20 20 21 20 20

30 FSW 30 30 30 _1_ 31 31 30 301 31 1 30 30

___4QAFS 40 41 40 40 41_ 41 411 40 41_ 41 40 40

_50 FS so U1 51 so 51 so 50 51 so 50
.•0o rSW 61 61 61_ _U_ 61 61 60 60 1 1 0 6

8___W.7.71 71 71 71 _7L_ 70 71 71 71 71 .71

80 FSW 81 81 al a l• 8a L 81 1 81 81S90 FEW, 91 92 91 91 92 92 91 91 __1U 92 91 92

S100 FS L ul 101 010 1 102 I01 101 101 101 101 i01
S110 FSW Ill11 111 1111 112 112, 111_ 111 _Jj11 jj_ 111 111112

A120 F ...122 12L .21 121 12• 12W 121 121 122 122 122 122
136 -W 132 132_ _I31. 131 1 _ _In_ 131 132 13L12 3213

140 FSW 142 JAI 141 141 142 1A_* 142 .142 142 142 -14 J.42
.150 FSW 152U 152 151 151 -5I13,15 152L 152 IM52 152 152
log FSw 12 162 161 161 163" 163" 162 U 162 162 _ 162 162 2

170 FSW _172"1 17217 lL 2L 173* 17 .A l 172..A 172 172 172i
_1.80 FSW 182 182 181 181 183"18"1* 8 8 182 18213

190 FSW 192 192 191 J191_ 193" 193" 192 192 A, J 192 -123 l"
200 FSW I2&02 203* -=I- 201 -2.3* 0* 202 202_ 202 202 20" 23 *

|210 FSW 213".U- 213" 2 Ji [ 211 *213" 24" 212 213- -212.- 2=12" 2 13" 213"

I 220 FSW .*L 222141* 1..22 ,22 1 I 2U21".221 22 22_ 9a 223" a2 222 22L2,
S~230 FSW J 214* 214" 223* 223ý*[21" 221" 2 22 23 12"223*1 222* 22

* Re 4ings outside of ±2 FSW specification
I D ,. nt
T Akcu,..t
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Figure B16

PRESSURE TRANSDUCER ACCURACY/TEMPERATURE SENSITIVITY TEST

29-F WATER TEMPERATURE, DIVE #4

10 FSW INCREMENTS

DIVETRONIC UDM

Chamber UDM Depth Reading

Depth Unit 889 Unit 215 Unit 836 Unit 795 Unit 864 Unit 861

SFSW 0 0 0 0 Q 0 0 0 0 0 0 0
1,, 0 FSW i0LI0 10 10 10 10 10 10 i0
20 FSW 20 20 21 21 21 20 21 2 _20 Q 20 21 21
30 FSW 30 30 31Il _131. _1_ 30 .o 3 0 30 31 __U
40 FSW_ 40 40 41 41 41 41 41 41 40 40 41 41

so FSW 50 so _1 51 5 1 L 5 1 so so 51 51
60 FSW 60 60 61 Al 6 l 61 61 60 , 61 61
70 FSW 70 71 71. 71 71 71 71 71 70 70 71 7

80s FSW 91 81 81 al- 91 91 81ý 82 811 982 8

90 SW 9 91 91 91 92 92 92 92 91 21 92z 92

100 FSW 101 101 101 0 0 I10 A02 10Q2 101 11 1M2 102

110FS 1 110 11 il 1 l 1 11 112 IlL
120 FSW 2 12 11 1 1 123 122 1- 1 1 2 122

130 FSW_13LU 132 1132 32, 132 .i3 132 133"!i* 1313J2L 133" 1131*

140 FSW 142 142 142 142 142 142 143".143" 142 142 1_ 1"143"

150 FSW 1L52 152 152 152 -3 153" 153" 152 _5L2 1i3" 153"

_ Q160 FSW 162 L 1163" 6 162 J&2,_ 163L 163"
170 FSW 2172 171 1172 JL73 173"* 7" 17 73" 172 1172 173" 17*
180 FSW 8218 2 181 1181 183" 2*.1 18318" 82*8 183" 183"

190 FSW J192 192 _191 9L 193" 193" _123" 193* 192 32,_ 194. 194"

0Q0 FSW 202 03* 2 &12 203* 2L3_* ý 203*, 203" 202 202 -204* 204*
_ZIQUW_ 212 J21.2 21 211L 213" 214*"213" 214" 212 212 214" 214.

220 FS 1 212Z21 222 2212 219 -2.12L 22 221 222 212 222

2.30 FSW 212" - 23" - 219" - i 32* - 222" - 222* -

Indicates no reading taken
Readings outside of *2 FSW specification

I Descent
I Ascent
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Figure B17

PRESSURE TRANSDUCER ACCURACY/TEMPERATURE SENSITIVITY TEST

29-F WATER TEMPERATURE, DIVE #5

10 FSW INCREMENTS

DIVETRONIC UDM

Chamber UDM Depth Reading

Depth Unit 889 Unit 215 Unit 836 Unit 795 Unit 864 Unit 861

0SW o 0 0 o 0 o o _ 0 0 0

10 SWU 10 10 10 10 10 i0 10 9 10 10 10 iD

20 FSW 21 20 20 20 21 20 21 21 20 1 20

30 FSW 31 30 30 30 31 30 30 30 al 30 30 30

40 FSW 41 41 40 40 41.L40 40 41 41 40 40

so FSW L A1 50 50 51 50 50 51 51 51 so so

60 FSW 61 _1 60 60 1_ 61 60 60 61 61 60 kQ
70 FSW 70 71 70 70 71 71 70 70 71 71 71 7

80 FSW 82 81 80 80 82 81 81 80 8 81 81 81
90 FSW 92 92 90 90 92 91 91 1.91 92 92 91 91

100 FSW 102 110220 10 10 101 01 101 102 101 101 10L

110 FSW 1 12 111 111 11 11 ill 112 111 111

120 FSW 122 122 121 1Z212 122 i21 22 1ZL lZL J2 2 -12.1 -

130 FSW 133" 132 131 1=1 132 1=_ 132 131 132 132 132 131

140 FSW 143" 114"± _141 1A1 142 1L 142 L42 142 143"143" 142 1142
150FSW 15" 13" 1 -1 51 15"12 152 152 153"* 153" 1L,_52 15

160 FSW 1162 162 162 16_ 163" 162 162 Al 61
170 FSW 173" 173" 171 171 17Z3"!172 172 172 173" 173"* 172 17

•180 FSW 183" ILI* 181 181 183"18 12182 183" 183*• 18218

190 FSW 19 4"9" 191 190U 193"1193" 192 192 193" 93 192 192

200 FSW 203* 203* 201 201- -20* 23 0 202 203" 203* 202 202

21 S 14 1"211 211 213 213* 212 21U2 213" 2,13"* 212 I212

220 FSW 222- 21a- 220 220 211921921-2 !-212 22 9 22 21a 2a 2 222

230 FSW 1222*1 - 222*'- 19 - 212" - 222* 1 222*1 -

-indicates no reading taken
*Readings outside of *2 FSW specification

I Descent
T Ascent
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Figure B18

PRESSURE TRANSDUCER ACCURACY/TEMPERATURE SENSITIVITY TEST

298F WATER TE!MPERATUREq DIVE #6

10 FSW INCREMENTS

DIVETRONIC UDM

Chamber UDM Depth Reading

Depth Unit 889 Unit 215 Unit 836 Unit 795 Unit 864 Unit 861

0 Fsw 0 o 0 _o 0 0 0 0 0 0 o 0
10 FSW 10 10 1l 10 L 10 10 10 11 10 10

20 fSW 20 20 20 20 1 20 20 21 _21_ 21 1
30 Fsw 30 30 30 30 31 31 30 30 30 31 30 31
40 Fsw 40 40 40 40 Al :q1 40 40 41 41 41 41_
so Fsw 50 SD- so so 51 -51- so so 51 51 51 S
60 Fsw ý1 60 60, .60 61 61 60. 60 61 61 61 6
70 FSW- 71 71 70 70 71 72 70 70 71 71 71 72.
80 Fsw" 81 81 80 8o 81 . 2 9 0 81 ,1 2 91 82
90 FSW 91 91 90 91 92_ 92 __U 91 91 92 91 92

100 rsw 10 101 101 101- 102 10 1 lo l 01 01 102 102 jao•
110 Psw 11 zn u 11 12 111 111zuu_ 112L12 n
120 "SW 121 122 120 2.1- 122 112 121 121 1212 121•

130-Fsw 121 -131 131 -130 -JJ2 13l2L 131 111 lq2 132 132 In_
140 FSW 142 1AZ2 141 141 143. 142 141 _IAL 142 JAL_ i3" JAL_
150 ESW 152 152 11 153" _1 151 152 i152 152 153"

160 FSW 12162 161 161- 162 163- _j_1-61 ].• 12 16 163" 163._

170 FSW 71t72 172 171 171 172 17- 1111 1g172 -173.]173.

180 FSW 182 18 1118 13 13 181 1 82 82 183. 183._
190 FSW 192 190 193" 193" Q 193" 3 "

200 ]ESW 202 2&2, 200 ý201 2 03 03 2202 02 Q 20 03" -203* 203*
210 FSW 212 212 210 210 13* 213* 1 2 12 213" 213" 214"

220 FSW 220 20 0 220 214"1 222 222 1 222 22 22 L222

230 FSWl 220*l - 2I 2 ! 1" - 22 - 22 -1 1 22

-Indicates no reading taken
*Readings outside of ±2 FSW specification
I Descent
I Ascent

! B2-7
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Figure Bi9

PRESSURE TRANSDUCER ACCURACY/TEMPERATURE SENSITIVITY

93,F WATER TEMPERATURE, DIVL #1

10 FSW INCREMEITS

DIVETEONIC UDM

Chamber UDN Depth Reading

Depth Unit 889 Unit 215 Unit 836 Unit 795 Unit 864 Unit 861

W. LL I I T2 I t2
0 0 0 -.=- - - 0 0

10 FSW 10 0 1 10 10 10 10 10 _010 10 1

20 FW 20 0 20 20 20 20 21 20 20 20 20 20
30 FSW _0 30 30 30 30 30 30 30 30 30. 30 30

40 FSW 40 _A0 40 40 40 39 40 40 40 40 40 40

so FSW so SO- 50 50 49 50 50 so 5 so s
•.60 FSW 60 60 60 60 60 59 60 60 60 60 60 60

70 FSW 70 70 70 70 70 __a 70 70 70 0 -70970

80 FSW go 80 80 go 90 79 80 180 80 80 so8 80

90 FSW 90 90 .91 1 9 89 90 90 90 90 90 90

100 FSW 100 I100 101- I191- 0 99D- -2- 00 100 i0- i0-0 i10 -IDO

110 FSW_0 110Q ill ill log10 110 .110 110 110 11011
120 FSW 120 L2& 121 121 119 120 120 120 120 i12 1

13 SW 10 3 11131 .129 1a29 130 130 ,130 1130 13013

140 FSW 140 140 _JAI 141_ 139 139 140 140 140 i140 140 ,49_

150 FSW 150 150_ 151 151 149 !150 150 150 150 1150 .150 150-160 FSW 160 10_ 161 1 L1 159 !159 16 &6 160 ]160 101L
170 FSW 170 170 11 11l 169 169 170 1 Q0 170 170 170 -10

180 FSW 179 1L0 181 191 179 179 180 180 1_0 180 180 1AL

190 SW 9 190 191 1lL 1lL 92 0 0 L 190 igL 190 _ML

200 rSW A 1].U_ 201 0 199 199 20Q 200 200 2&00 20L 100

210 FSW t0 0 211 :211 209 2&2_ g1n 210 210g 21o_ 21021
220 FSW 1219 1219 1221 1221 219 21j _2,2D 220 220 1220 2 20 220L

230 FSW 1222*1 - 222 222*12 222* - 222*1- 2,2"*1

-Indicates no reading taken
•Readings outside of ±2 FSW specification

I Descent
t Ascent

B2-8



Figure B20

PRESSURE TRANSDUCER ACCURICY/TEMPERATURE SENSITIVITY

930F WATER TEMPERATURE, DIVE #2

10 FSW INCREMENTS

DIVETRONIC UDM

Chamber UDM Depth Reading

Depth Unit 889 Unit 215 Unit 836 Unit 795 Unit 864 Unit 861

0 - 0 - 0 - 0 - 0 - 0 -

1010L 1 0 1L0 10 10 10 -- 10 10 10 10
20 20 0 2 20 19 21 21 20 20 20 0

30 30W 30 30 30 29U 30 30 30 30 30 3

40FW 40 40 40 41 39 39 40 41 40 40 40 40

so 0s 50 51 49 49 so so s o 0 ..50 50
60Fw 60 59 60 __U 59 59 60 60 60 -690 60 __§&

707FS 70 70 712 61 69 70 70 70 70 70 70
80PS 0 79 81 81 79" 79 80 80 go 80 go 80_

90FW 90 90 91 21- 89 89 91 91 90 190 90 9
i0 S 00 99 101 101.. 99 99 I00 loo 10 00 10 o

10FW 110 109 ill ill 109 109 11 110 10 I0 110 .110

120 F20 121 -In- 119- 19i 12 -20 12D0 120 120 _120ý
13 W 130 129L 131 131 129 12a 10 130 130 130 130 A L 0

10FW 140 139 141 141 139 1139 140 JAI_ 140 140 140 4

1 L 1;n 11AL 151 AU5 149 149 151 0 1150 1
16 EL 160 J19 161 161 159 i5 160 160 161 160 160 16

170Q..a 170 L169 171 1l7L 1 169 169 170 J17 170 170 170 170

10FW 180 1172_ 181 JAI- 179 179 180 180 180_ 180. 1010
10 19 91 9189 190 l10 19 0 9L0l 190 LL9L0

200 F19 0120 199 199 200 i 200 2 .00 200 00 200

210 209 210 209 209 209 210 :Z0 210 210&- 21120
20FW 220 220 -221I 221 -212_ 219 Z20 220L -2,2D0 2 20 220 220

20Fd 222* - -222* - 1222* - 2a2" -7- 222,*1 - 1222*1 -

-Indicates no reading taken
*Readings outside of ±2 FSW specification
I Descent
t Ascent
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Figure B21

PRESSURE TRANSDUCER ACCURACY/TEMPERATURE SENSITIVITY

930F WATER TEMPERATURE, DIVE #3

10 PSW INCREMENTS

DIVETRONIC UDM

Chamber UDM Depth Reading _

Depth Unit 889 Unit 215 Unit 836 Unit 795 Unit 864 Unit 861
10 t 10t t I IiI

10 LSW 10 10 L _ L 0

20 FSW 2 20 20 21 20 20 21 21 20 20 19 20

30 FSW Q 30 30 30 30 3U 30 30 29 30

4Q Fsw 40 40 40 41 40 39 40 40 40 40 39 39

50 FSW 50 so 50 51 SO SO 50 50 50 50 49 50

60 FSW 60 60 60 60 60 0 60 59 59
70 FSW 70 7 71 7 70 69 71 7 70 70_ 70 69

go FSW 8 80 8s o1 80 l79 81 L 80 80 79 80

90 FSW. 90 90 91 90 go 91 91 90 90 90 90

100 FSW 100 100 0 0 100 99 101 0 100 0 10 0

110 FSW 110 1110 1il IM 110 .110 110 1L 110 109 A11

120 FSW 12Q 12L 121 121 121L J11 2 120 120 120 12&

130 FSW 130 130 131 11 130 10 131 131 130 130 130 130

140 FSW .140 140 141 141 140 L140 141 141 140 A40 139 140
150 PSW 150 150 151 151,- -=0 150 1-51 151 150 150 150 150L
160 FSW 160 160- _JAI 161- 1g J159_ 160 160_ 160Q 160 160 159
170 FSW 170 170 171 171. 170 1 69 171 170 17n 170 170 169-
180 FSWj 180 18 179 179 1 9010 11 181 180 180 18017
190 FSW -Jag 19 190 -& 19 1 189 1892 190 190Q -In- 190 190 189
200 FSW- 200 200 201- 201 199 199 200 200 20Q 0 199 199

210 FSW 210 10 211-211 209 2&0L 210 210 210 21Q0 209 AM9
220 FSW 22 L_220 _220_ 220. .21. 21l9 220 22Q0 .220 220 219 12-

230 FSW 222*1 - -2.22a - 1z222*z - 1 222" - 21 2 .- 221" -

- Indicates no reading taken
* Readings outside of ±2 FSW specification
I Descent
T Ascent

B2-10
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Figure B22

PRESSURE TRANSDUCER ACCURACY/TFMPERATURE SENSITIVITY

930F WATER TEMPERATURE, DIVE #4
10 FSW INCREMENTS

DIVETRONIC UDM

Chamber _UDH Depth Reading

Depth Unit 889 Unit 215 Unit 836 Unit 795 Unit 864 Unit 861

0 - - 0 - 0 - 0 -0

10 W 1 0 1 1 10 10 1 9 9 L0 10

20 FSW 20 20 50 20 20 20 20 20 9 9 20 20
30 FSW 30 30 30 _M_ 30 30 30 0 9 29 30 30

40 FSW 40 40 40 40 40 40 40 40 39 39 40 _40

so FSW so so so so so so so 50 49 49 50 50

60 FSW 60 60_ 60 60 60 _59 60 605 5 60 6o

70 FSW 70 70 7 70 70 69 70 70 69 69 70

so 80 w_ -O 0 200 79 0 80 79 79 "0 80

90 FW 0 90 90 EL 90 90 90 90 89 89 90 90

100 FSW 100 1OL I00L IiL0 99 99 10 0 99 99 100 iQ00

110 FSW 110 110 110 1 109 109 i20 1 10 109 "0 i i0 11 0
120 FSW 120 1J20 1 al 20 =L 119 120 120 119 119 _20 12AL
130 FSW 1010 1010 29129 13Q 3 129 In 10 3
140 FSW 140 1l0 1 14 1 40 139 In_ _"L19 4 140

150 FSW 15015 150 il0 1%9 14L 15 149 150 150 159

160 FSW 160 160 is01 159 1
170 FSW 170 170 170 170 169 169 169 169 16i 169 170 169

180 FSW ISO 180 18 180 19 179 17 180 179 179 A21 112
190 FSW 190 190 190 190Q 189 lag9 189 ý189 189 89- i8n 189-

_ZiL 20 _L 2 19 1" - Q J" QLa
200 FSW 20 00 2 200 19 9 9 199 1919 199 199 199

210 FSW- 210 210 210 _10 209 209 20920 209 209 209 209

220 FSW 220 220 220 2,2& 212 219 219 219 2.19 19 19 219

230 FSW 22a* - 222*. - =a2* - 222 - * -2222* -

Indicates no reading takenReadings outside of ±2 FSW specification
4 Descent
I Ascent

B2-11
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Figure B23

PRESSURE TRANSDUCER ACCURACW/TEMPERATURE SENSITIVITY

93-F WATER TZIPERATUU, DIVE #5

10 FSW INCREN1IETS
DIVETRONIC UDK

Chamber UDN Depth Reading

Depth Unit 889 Unit 215 Unit 836 Unit 795 Unit 864 Unit 861

-- 0, - 0 - 0 -

10 FSW 1 10 10 10 1L 10 10 10 10 10 10 l
20 FSW 20 20 20 20 20 _2&_ 20 _2&_ 20 _2&_ 20 _ID

30 SW 30 0 30 -0 1 0 30 30 30 30 30 30
40 FSW 0 40 0 40 0 39 40 40 40 40 40 40

so FSW so I50 50 50 49 49 so so so so 49 50
_L 6 60 60 5g 59 60 60 59 60 59 60.

70 FSW 70 70 70 70 69 69 70 70 70 70 69 70

go FSW 80 8 80 8 7 9 go 99 8 8 0 79 80

90 FSw 90o 90 90 90 3g 9g0g 90 90 90 82g 90

100 FSW 10 0 0 O 9 99 99 100 100 " 0- 99 100

110 FSW log1 1010 0 0 110 JUL 110 110 110 110

120 FEW 120 ).2Q 2 2 119 1119 120 120 120 12Q_ 119 •ZQ,
130 FSW 1010 1011 29129 130 13 3010 13 3

140 FSW 1010 1010 39139 140 140- 140 140 139 139

150 FSW 150 .150 150 ISO0 149 ý149 "A0 150 150 15D_ 149 149_
160 PSW 160 160_ 160 _ 160 U 159 _ 159_ 1 15 160 10- 1 I9

170 FSW 170 170Q 170 _ _7 0 _ 1 169 169 1&2_ 3a_ 170_ 169 0

180 FSW 180 180 180 180O 179 179 179 .179 180 180 D17 9 17

190 FSW 190 190 1010 89 89 189 jag 19 --In 183 Q189L2 ý

200 FSW 20 20 2020 199 199 199 199-&9 200 _0 199 ]
S210 FSW 210 210 _2"_ L210 209 209 209 ý209 210 20_ 209• 209

-220 FSW 220 220 220 220 219 212- 219 219 220 220 219 219
230 FSW 2 22* - 22.11 - U.2* I-- 222* - 222* -J22

Indicates no reading taken
Readings outside of ±2 FSW specification

I Descent
t Ascent

B2-12



Figure B24

PRESSURE TBANSDUCZR ACCURACY/TMERATURE SENSITIVITY

930I WATER TEMPERATUK1, DIVE #6

10 MSW INCRE•M•TS

DIVETRONIC UDM

Chamber UDM Depth Reading

Depth Unit 889 Unit 215 Unit 836 Unit 795 Unit 864 Unit 861

I . T I t I L I t I T _

S1 - 10 -1 -1D o - o 9 -Q.- 9o, -1
20 FSW _ 0 0 2 20 20 19 20 2L 20 20
30 FL 30 30 3 30 30 30 30 30 29 30 30 30
40 FSW 40 40 40 40 39 39 40 40 39 39 40 40

soFPSW so so so Iso. 49 49 50- so 49 49 so so
60 FSQ 60 Q 60 60 59 59 6L 60 59 59 60 60A

70 FSW 7 70 70 70 69 69 70 70 70 69 70 70

g0 Fsw :I: so 0 90 79 79 an go go 792 80 8J0-

90 FSW 90 90 90 911 89 -M9 90 90 89 89 90 90
10. lL 100 99 100 100 99 99 100 100 99 99 100 100

110 FSw 110 110 110 1. J1L 109 109 -..UQ. l J J 110109 110 1110

120 FSW 12l lL 120 l2a 119 1l 12- 12&0 ULL 120 31D__
130 FSW 130 12&9 130 131_ _12!9 129 1.0 L 29 130_ j130 130 _129

140 FSW 140140 1 14011 139 139 140 1139 1 39 139 140 1L3
150 FSW 150 150 150 151,. 149 149_ 150 150 1O 50 3- 150 1SUQ

160 FSW -10-159 160 1U1 159 159 _160 160_ 160 159_ 160 159_

170 FSW _1169 169 170 170 169 169 162_ 169 169 .169 170 1692

180 PSW 179 179 180 180 17 179 179117 17 179 IRO 179

190 FSW 1892 189 190 J190 189 •189 189 19 18 19 1919

200 FSW 199 199, 200 200 192 9 19" 199 199. 199 199 199-

210 FSW 20 0 1 09 9 209 209 209 209 2&2_ 20920

220 FSW 219 219 220 220 21D -2 219 219 219 219 219 _2Z9
230 FSW 22L* - 222* - 222*1 - 1 222* - 1 222*l - 222* -

-Indicates no readii,• taken
*Readings outside of ±2 FSW specification

I Descent
I Ascent

B2-13



APPENDIX C1

LONG TERM STABILITY.I'TMPEPATUE SENSITIVITY DATA

ORCA UDM AT 29*r AND 93*F

Actual chamber depth and comparative UDM depth readings are charted at

50 FSW increments and at 230 FSW, recording UDM depth readings at the

beginning and end of each 30 minute stop at each depth increment during

descent and ascent as 296F and 930F water temperatures. Six divo.s are charted

for each UDM at each water temperature to a maximim depth of 230 FSW.

KEY:

Figure Cl : ORCA UDM at 296F Water Temperature, Dive #1

Figure C2 : ORCA UDM at 290F Water Temperature, Dive #2

Figure C3 : ORCA UDM at 290F Water Temperature, Dive #3

Figure C4 : ORCA UDM at 29*F Water Temperature, Dive #4

Figure C5 : ORCA UDM at 290F Water Temperature, Dive #5

Figure C6 : ORCA UDH at 290F Water Temperature, Dive #6

Figure C7 : ORCA UtM at 930F Water Temperature, Dive #1

Figure C8 : ORCA UDM at 936F Water Temperature, Dive #2

Figure C9 : ORCA I1DM at 936F Water Temperature, Dive #3

Figure C10: ORCA UDM at 930F Water Temperature, Dive #4

Figure Cli: ORCA UDM at 930F Water Temperature, Dive #5

Figure C12: ORCA UDM at 930F Water Temperature, Dive #6

C1-1



Figure Cl

LONG TERM STABILITY/TE RATURE SENSITIVITY

29OF WATER TEMPERATURE, DIVE #1

30 MINUTE STOPS AT 50 FSW INCREMENTS AND AT 230 FSW

ORCA UDM

Chamber UDM Depth Reading

Depth Unit 1173 Unit 1172 Unit 1171 Unit 0107 Unit 1170 Unit 1190

Begin End Begin End Begin End Begin End BeginlEnd BeginlEnd

0 FSW 0 0 - - 0 - - 0 -

so FSW s 50 53* 5 1. .1 -a- 50 so 50 _0 50 49 49

100 I 1 100 12l 12L 10L 102 100 100 101 101 99 99
150 FSW 150 j4g 153* ISU- -3 32 150 150 151 1-L 149 j14

200 FSW 199 192 203* 203* 201 20Q1 200 20L 0 201 20 199 1LM

230 PFA 229 19 233* 233* 13 21 226* 226* 230 230 223223*

200FW 19 . 203 3 0 2U 2 200 200 199 19

-150 W 10 1150 153* 153* L 11 150 151 1UL 149 14A

100 Fsk 100 am-0 -02 1 -2 10. 12L 100 i Q LQ "l- -0U9 99
so F 50 53. 53* so -Q s0 o 0 50 50 49 _0

0 FSW 0 0 0 0- - -

Begin - UDM Depth Reading at Beginning of 30 Minute Depth Stop

End - UDM Depth Reading at End of 30 Minute Stop

- Indicates no reading taken

* Readings outside of ±2 FSW specification

CI-2



Figure C2

LONG TRIM STABILITY/TiMP MATURE SENSITIVITY

29*F WATER TEMPERATURE, DIVE #2

30 MINUTE STOPS AT 50 FSW INCREMENTS AND AT 230 FSW

ORCA UDM

Ch-aoer UDM Depth Reading

Depth Unit 1173 Unit 1172 Unit 1171 Unit 0107 Unit 1170 Unit 1190

BeginlEnd BeginlEnd Begin End Begin End Begin End Begin End
0 ... 0 0I0,,10 - 1 0 -

s5aL 0 50 1 52 L2 50 50 53* 53* 50 50 51 51

1100 00 102 102 101 11 102, 102 10L 101 1A 0 102

15L 150 150 1 152 1, 15 153 1531 151 15 153* 1531*

200 ZSt200 200 202 a202 201 201 20 203* "200 2L 0 20 30*

226* 22 In_ 230 230 23Z" 233* 230 30 232 122L

200 20_ 200 201 20L 200 20 203* 203* 200 20Q 203* 203*

5 L150 150 P15 152 11 U1 3" 153" 151 J.5 153* 153"

100 12 10 1 10 101 0 102 LA 10

50 50 52 5 0 1 53* 53* 50 50 1 5-1

S - 0 - 0 - 0 - 0 - 0 -

Begin - UDM Depth Reading at Beginning of 30 Minute Depth Stop

End a UDM Depth Reading at End of 30 Minute Stop

- Indicates no reading taken

* Readings outside of ±2 FSW specification
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Figure C3

LOW TIEI STABILITY/TE SENSITIVITY

29"F WATER TENPERATURE, DIVE #3

30 MIUUTM STOPS AT 50 FSW INCREHEMT AND AT 230 FSW

ORCA UDH

Chamber UDM Depth Reading

Depth Unit 1173 Unit 1172 Unit 1171 Unit 0107 Unit 1170 Unit 1190

Begin End lBegin End Begin End Begin End Begin End Begin End

L0 F0 - 0 - 0 - - - 0 -

'so FSW SO SO_ 51 50 SO 50 50 5 5 2 S0 5

100 FSw 100 100 100 100 101 LL 100 1=I 102 102 10 100
150 FS"W 149 149- -15% I=0 151 151 150 15- 12- M.2 15 15

200 FSW 200 200 200 2&9 201 201 200 2L0 2g2 202 20 0ZQ0
230 FSW 227* 227*ý 229 222- 230 230_ 2Z9229 2 .U1 2 -2216* 226*-

200 FSW 200 2&00 200 2 20 2002&L 2 20 2DO -2&1- 2&1- 2&00 200-

150 raw 14gq 14g- 150 150 1Is 15 150 15 15 12 15 5

100 Fly 100 100 100 100 191 11L 100 l00 1I" 102 100 100
50 FSW so 50 so so so 50 50 52 52 50 _L

0 FSW 0 - 0 - 10 - 0 0 -

Begin = UDM Depth Reading at Beginning of 30 Minute Depth Stop

End - UDM Depth Reading at End of 30 Minute Stop

- Indicates no reading taken

* Readings outside of ±2 FSW specification
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Figure C4

LONG TERM STABILITY/TEMPERATURE SENSITIVITY

290F WATER 'EMPERATURE, DIVE #4

30 MINUTE STOPS AT 50 FSW IrI.REMENTS AND AT 230 FSW

ORCA UDM

Chamber UDM Depth Reading

Depth Unit 1173 Unit 1172 Unit 1171 Unit 0107 Unit 1170 iUnit 1190

Begin End BeginlEnd Begin End Begin End Begin End Begin End

0- ,O -0- - _ 0
so rSW SO SOL 50 5O 0l 5Z ,,. 2 51 so so

100 MFS 1 10020 100 10 lOO1_ 99

zSO LSW 3ZL O 15 "SO LO 1Z1 13QL 15 0 5 Z1L 1s1 1429 1A2
200 FSi 201a - 20 200 X&_ 2Q1 201 2 =_ 201 201 199 199
230 FSW 223* •3 3 3 231 231 26•26 3 3 223* 23

2+1_ _2*2* 3 J- 2-

ZOO FSW 201 12&1, 20(9 0 0 2&901 j~ 200 200 201 _202 199 - 12_

5 _• Mg IN- 1 1 15 150 11 150 151 14 15
100 FSW 101 J101 100 100 ý 102 102 10 00 10 1610 99 99

so FSW so 50 5 50 51 -n- so 5 52 R2SO 5

o FSW 0 - 0 -1 0 - - - 0 -

Begin a UDM Depth Reading at Beginning of 30 Minute Depth Stop

End - UDM Depth Reading at End of 30 Minute Stop

- Indicates no reading taken

* Readings outside of *2 FSW specification
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Figure C5

LONG T= STABILITY/TEWPERATUBE SENSITIVITY

29oF wATIt TEMPERATURE, DIVE #5

30 HM TS STOPS AT 50 FSW INCREMENTS AND AT 230 FSW

ORCA UUM

Chamber UDI Depth Reading

Depth Unit 1173 Unit 1172 Unit 1171 Unit 0107 Unit 1170 Unit 1190

Begin End Begin End Begin End B~egin End Begin End Begin End

0 m 0- 0 -0 -

s_50 51 51 50 -_ U-L 50 50 49 49

100 D100 L 0 1 02 100 100 -02 12L _=_ 101 99 99
10SW 150 150 151 151. 151 IN- 152- 152,- _.]151 149_ 149_I*

2Q0 210 200 203* 203* 201 201" 199 199

2320L26 2 231 230 In_ 233* -233* 230 230 224* 1224

200 200 . 20Q 201 101_ 200 200 202 03_* 200 20L0Q 199 199

150 10 150 L15 UL 10 1151. 1 51 149 149

100 100 12 102 100 !1Q 102 102 101 101 99 99

50 50 50 50 51 5 5 1 52 52 50 50 49 49

0 P.0 - 0 - 0 - 10 -_ 0 -0 -

Begin - UDM Depth Reading at Beginning of 30 Minute Depth Stop

End - UDM D'ipth Reading at End of 30 Minute Stop

- Indicates no reading taken

* Readings outside of *2 FSW specification
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Figure C6

LONG TERM STABILITY/TENPERATUIRE SENSITIVITY

291F WATER TEMPERTURE, DIVE #6

30 MfINUTE STOPS AT 50 FSW INCREMENTS AlND AT 230 FSW

ORCA UDM

Qember UDI Depth Reading

Depth Unit 1173 Unit 1172 Unit 1171 Unit 0107 Unit 1170 Unit 1190

Begin End Begin End Begin End Begin End Begin End Begin End

31 - - 0 - -1 -

SO so S2 _2 51 _U _ 0 2 s 50 so -ML

100 IOO 1OO 1L2 1Q0 101 101 100 1"D 101 101L 100 100

ISO 5L0 1S2 J5 151 151 150 150 151_ 151 149 L 14L

200 192 2& 2 202 I2= 201 2&1_ 200 200 200 2&L 200 2&9

2302W 229.2 22,9 232 2 2 231 226 226_23D__ 2 224* 22*
A_200 20 202 2&2 2& 2&1 2 20 20L 200 200 200 Z00
1SO FS150 ,152 152_ 131 In0 150Q 150 151 151 149 In_

100 100 _jXL JjQ_ 1Q2 102 101 001

IQ __ M- 10 .....4 ..Q...=.1050FS 0 150 152 152 __U 51 150 __U 50 so s0o5

-0FW 0 1-- 0 1 - -0 - 1 - 1 -) 0 -

Begin - UDM Depth Reading at Beginning of 30 Minute Depth Stor

End - UDM Depth Reading at End of 30 Minute Stop

- Indicates no reading taken

* Readings outside of *2 FSW specification
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Pigure C7

LONG TERN STABILITY/TIfMPUTUtR SENSITIVITY

930P WATER TIMPERTUEE, DIVE #1

30 MINUTE STOPS AT 50 FSW INCREMTS AND AT 230 FSW

ORCA UDH

Chamber UDH Depth Readliq

Depth Unit 1173 'Unit 1172 Unit 1171 Unit 0107 Unit 1170 Unit 1190

Begin End Begin End Begiu End Begin End Begin End Begin End

0 .. 1. _ 0 1 - 0 -

-_0 IF= s5 50 so 5U 50 50 __a_ _51_ 49* 49* 50 so

100 FSW Q l0 100 100 100 100 10 0 101 10Q 95* 95* 99 10
ISOM .,/ 150 150 130 !149 151 1M015 ,.1_ 44 144* A* 149 1"_

200 E 1M2 0 199 .12 200 2Q 0 201 1L201_ 193* 193* 199 199

2.30 FS2429 21. 229 2a2 230 2 21 23L 219* 21" _22& 2a2

200 FSW 187 177. 199 199 2 200 201 2&1 180 13 12L 122
150 FSW 12Z 1 5 A... 151 151 151 151 118 -j J16 149 149
100 FSw 73* 67.* 99 99 100 00 01101 99 6.

50 FSW 16* _1 50 49 50 5 12 4* 50 50

0 FSW -- 0 ---- - 0 - 0 -

Begin - UDM Depth Reading at Beginning of 30 Minute Depth Stop

End - UDM Depth Reading at End of 30 Minute Stop

- Indicates no reading taken

* Readings outside of ±2 FSW specification
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Figure CS

LONQ TEM STABILITY/TENPERATURE SENSITIVITY

930? WAThR TE ATURE, DIVE #2

30 NUM STOPS AT 50 FSW INCREENTS AND AT 230 FSW
ORCA UDH

Chmber UD Depth Reading

Depth Unit 1173 Unit 1172 Unit 1171 Unit 0107 Unit 1170 Unit 1190

Begin End Begin Erml Begin End Begin End Begin End Begin End

0 S 0 ' 0 - 1 - 1 0 -1 0 -

so B 1.. 4j* 49 49 49 49 so 50 so 5* so so

100 FSW 13* 6* go 100 100 100 100 100 18* 8* 99 100

150 FSW 19 19* 149 L149 150 1 1•9 1" 29- 2 149 A9L
2L3 FSW 45* 30*199 112- =00 ZL 199 199 66* 2 199 J22

230 FSW 5 55* 229 229 229 L 228 210 212- 91* g7ll-M 229

200 FSW 59* 79* 199 122 198 12fi_ 200 9 85* 101"* 199, .19

F33* 17 149 149 150 150_ 150 149 L 53* A. 149

100 FSLZ 0*0* 99 99 1L98 8 0 100 "D- 0* O* 9 99.

50 FSW. O* O* .9 so 49 L 49 50 _50 O* So _ 30

0 FSW- - 0 -, - 0

Begin - UDM Depth Reading at Beginning of 30 Minute Depth Stop

End m UDM Depth Reading at End of 30 Minute Stop

- Indicates no rsading taken

* Readings outside of *2 FSW specification
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Figure C9

LONG TIN STABILITY/TEMPERATURE SINSITIVITY

93r WATER TDIPERATURE, DIVE #3

30 HIME STOPS AT 50 FSW INC•EMENTS AND AT 230 FSW

ORCA UDK

Chamber _ _UDr Depth Reading

Depth Unit 1173 Unit 1172 Unit 1171 Unit 0107 Unit 1170 Unit 1190

BeginlEnd Begin End Begin End Begin End Begin End Begin 'End
0 0 - 0 - 0 - -00 -

50 PW _ * _3_* 42 49 49 49 6* so 50 j0

100D 9* 4* 99 g9 99 99 99 100 9* 6* 99 99

10 F1sw 14* 6* L 1SO 150 110 149 L149 11* 9*1 149 149
200 FSW 14* 17. 2099 198198 190 M2__ 20* 38* 19919

230 FSW. 35* 2.* 229. 20_ 227* A M .229 22I 75* 229 An

200 FL 6" 27* 2fO, 199, 12Q0 199 199 L 3* 61* 199 199

150 FSW 0* O* 10 -L W147A 146* 149 -14 20* 17. 149 1A4
100 FSW O* t5* 9 _9 97* 97* 99 99 4* 100

so FSW _3*1 49 49 47* 47* 50 0 3* 5 50

0 FSW - I - 0 - 0 - 0 - 0 - 0

Begin - UDM Depth Reading at Beginning of 30 Minute Depth Stop

End - UDM Depth Reading at End of 30 Minute Stop

- Indicates no reading taken

* Reading. outside of ±2 FSW specification
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Figure C10

LONG TIM STABILITY/TIMPERATURE SENSITIVITY

93OF WATER TEMPERATURE, DIVE #4

30 HIMUT STOPS AT 50 FSW INCRUMEITS AND AT 230 FSW
ORCA UDK

Chamber U.. Depth leading

Depth Unit 1173 Unit 1172 Unit 1171 Unit 0107 Unit 1170 Unit 1190

Begin End Begin End Begin End Begin End Begin End Begin Ezd

so Sl p 9* A* so so 49 48 49 49 6* 4* 49 50-

.100 FSW 16*1 11* 1J00 00 97* 97* 99 99 11* 8. 100 10

ISO FL 2L* -17" 150 IN- 147- 1"-* -1" 148 1* IL* 150 149L
200 a SW Q .n*LAL* _200 . 99 _ L96 192h5 197*8* 69L 3 _L* 199 U9

230 5S. 4* _an_ 2M9 22* 224* 2 22 2 UL 104* 14 2- 229

200 W 211 17* 1l9 lgg 194" lg4* 198 12 88* A89 199 129

50 FSW 5* 7* 1l0 130 1J2 144! )49 148 42*41 149 149

100 FW ± 0* ."3" 9 99 95* 94* 98 99 5* 7* 99 99

so SW i* 2 42 4 45* 45! 49 49 40 6* 5 50

0- - 0 0 - -- 10 - --- 0

Begin - UDH Depth Reading at Beginning of 30 Minute Depth Stop

End - UDD Depth Reading at End of 30 Minute Stop

- Indicates no reading taken

* Readings outside of *2 FSW specification
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Figure Cll

LONG Tii STUILITM,'TIPSRATURR SENSITIVITY

93*P Y I AT MPEATURE, DIVE 05

30 T STOPS AT 50 FSW INCREENTS AND AT 230 FSW

ORCA VDK

Cmber _UD Depth Reading

Depth Unit 1173 Unit 1172 Unit 1171 Unit 0107 Unit 1170 Unit 1190

Begin End Begin End BeginjEnd Begin End Begin End Begin Ind

LSW - 0L 1 - p - 0 -

s S 1*15 l0* 491 49 30 M 50 S 49 _lL*_ 10* 50 4gL
-= F7 17 2 99 92 gg 99 99 99 16, 1D- 99 99

-A&*-14 149 109 141 19- 149 L149 21 1 7,L 149 19

2QM 30* 17 9 99 1998 197* 198 198_ 73* 1- 198 98

230 M1 2S0 2,V_ 227* 225* 228 + 28,* 44* 229 2a$

200 PL 11- 1 ZOOL 1&_ 196* 192, + + 43i 42*1 199 22_

ISO 7* 1 4 JAI_ 14 A 142* , + +0 1, 149 14L

-00 .... * 2*1 100 1900 94* -Am-* + + 167* 165- 100 9
sFlw 0* 1" SO 49 4 4* _a*_ + + 176* &L7* so -ML

0 - 0-- - + , 27* -0 -

Begin x UN Depth Reading at Beginning of 30 Minute Depth Stop

End a URN Depth Reading at Ind of 30 Minute Stop

+ Indicates unit vent blank

- Indicates no reating taken

* Readings outside of *2 FSW specification

CI-12



Figure C12

LONG TERM STABILITY/TIMPIRATURE SENSITIVITY

93*F WATER TEXIIUATURE, DIVE #6

30 MINUTE STOPS AT 50 FS" INCREMTS AND AT 230 FSW

ORCA U!D

Ch~aber ..... ,.._ , UDN Depth Reading.

Dupth Unit 1173 Unit 1172 Unit 1171 Unit 0107 Unit 1170 Unit 1190

Begin End lBeginjEnd 1Begin End Begin End Begin End Begin End

0 pSW 0 0 0 - 0 i - -

so FSW 13* 7 49 -SO + __"9 49 + + so 49

100 FL 13* 8*1 gL 10 + 1 99 gg + + 99 '99

130 FSW 16*+ 149 149L + 14 149 + + 149 U0

.200 FM + + 200 2&90 + + 198 1gg + + 1i9 199
230 FS + + 2IL 2,0 + + 22a mL + + 2 12 229
200 l•W + 4+ 201 2&0_ + + Ig +9 + . 200 19E

130 Is + +- 11g 149 +. + 114ga 149 + + " s 1so1O
100 FM + + + Z00 &DL + 100 + + 100 100

SQ• FSW + + E0 3 0 + + 50 50 ÷+ 50 so

0 FSI + + a - I + + 0 - + + 0 -

Begin -UDK Depth Reading at Beginning of 30 Minute Depth Stop

End - UDIM Depth Reading at End of 30 Minute Stop

+ Indicates unit went blank

- Indicates no reading taken

* Readings outside of *2 FSW specification

CI-13



APPENDIX C2

LONW TIRM STABILITY/TRMPERATUPE SENSITIVITY DATA

DIVE TONIC UDM AT 29*F AND 93*F

Actual chamber depth and comparative UDM depth readings are charted at

50 FSW increments and at 230 FSW, recording UDM depth readings at the

beginning and end of each 30 minute stop at each depth increment during

descent and ascant as 29*F and 93OF water temperatures. Six dives are charted

for each UDM at each water temperature to a maximum depth of 230 FSW.

1EY:
Figure C13: Divetronic UDM at 296F Water Temperature, Dive #1

Figure C14: Divetronic UDM at 299F Water Temperature, Dive #2

Figure C15: Divetronic UDM at 290F Water Temperature, Dive #3

Figure C16: Divetronic UDM at 29oF Water Temperature, Dive #4

Figure C17: Divetronic UDM at 29*F Water Temperature, Dive #5

Figure C18: Divetronic UDM at 296F Water Temperature, Dive #16

Figure C019: Divetronic UDM at 93*F Water Temperature, Dive #1

Figure C20: Divetronic UDM at 930F Water Temperature, Dive #2

Figure C21: Divetronic UDM at 936F Water Temperature, Dive #3
Figure C22: Divetronic UDM at 930F Water Temperature, Dive #4

Figure C23: Divetronic UDM at 930F Water Temperature, Dive #5
Figure C24: Divetronic 11DM at 93*.' Water Temperature, Dive #6

C2-1
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Figure C13

LONG X STABILITY/TINFPUAURN SENSITIVITY

29*F WATER TEIPERATURI, DIVE #1

30 MINUTZ STOPS AT 50 M5 INCRlEnTS AND AT 230 FSW

DIVITROMNC UD

Chamber UrK Depth Reading

Depth .. 2. . .... L

Begin End Ragin End Begin rEnd Bein End Behin End Begin EndLflL L - o , ~- o - - - -

so7W l1 51 so 1o 3 o S1 so 31 so so S1 Sl
100 102 100 100 IN_ _ _ 1 101 102 LZ1 L_ 102 192L
ISO lDL 151 13L 2 2L* 152L lD2 5 153

203t j03* - .2003l. 200 20L20 I 3t*203* 20L2 2&12 -203* 2I3*

230 rUL 1.2..Z 7j32 2j12* 222* 22IU1 201 .22* 2224 2.22 2222U*.=-* 212= 2
223* 203M 200 200 2032* 203Z* 203* .20 202 203* 203*

10 M _ 153_ILL I*L 152L I15 151*1 1S2 12L. 1*1
100 M0 .=_"L 00 10 "a_ _= 01"I 102 102._ 101 lO1 _.1.02 .1.02

so 51W -• 50 51 51 o -l 51 so . s5o5 51 1

0 - 1 - . p -00 0 -

Begin - UDM Depth Reading at Beginning of 30 Minute Depth Stop

End - UDM Depth Reading at End of 30 Minute Stop

- Indicates no reading taken

* Reading& outside of ±2 FSW specifl :ation
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Figure CIAe

LONG TERM STABILITY/TEMPERATURE SFYSITIVITY

294F WATER TM]ERATURN, DIVE #2

30 NINUTE STOPS AT 50 FSW lNCRIl ENT S AND AT 230 rIdW

DIV#TRONIC UDW

Chamber UDK Depth Reading

Depth ......

Begin End Begin Ind Begin End Begin End Begin End Begin Rud

0 F LW 0 =- 0 - 0 - 0 - --
I0 FS 51 so so S0 I1 51 51 51 5 I 50 so I s

100 FUL 101 2 L 10 10 10 102 12 1L 100 11 SO S

150 rla _=_ 1V 1DL 1n_ 1_M 1Z3L 1L2 21- 1 52 152

200 FBV I 0-* 2In* 202 202 -01* 2O-i *0e;O• 200 10 20220
+Dnhn~~.ZLZL IQ3_ --2 %*z .29j_ 2 ZDL ,. 2&2.L .-

230 M• 2224 2U 221221_ Z2t 22* -222 1 21 2 =22t 222*. 219 121&*
200 F 20 2032 0a1s 201 23& 202 20 2005 292 -20- 2 2 02 202
150 ]MW 152 152 11 11 152 L1L 12 12 150 150 11L 1L

100 1 L2 00 109 lQD -=- "2L 10 10D l1Q0 1L0 lL
50 Fa- -. n --U 5 M1 -. U ..0 -mI so ml0 so -50 5 S 50 m

o FSW 0 - 10 1- 10 1- 10 - 10 1- 10 ,-

Begin - UDN Depth Reading at Beginning of 30 Minute Depth Stop

End m UD1 Depth Reading at End of 30 Minute Stop

- Indicates no reading taken

* Errors outside of *2 7SW specification

I
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Figure C15

LONG TFVl STABILITY/TEMPERATURE S'fSITIVITY

2ý •F WATER TEMPERATURE, DIVE "

30 MINUTE STOPS AT 50 FSW INCREMENTS AND AT 230 FSW

DIVETROHITC UDM

Cbamber UDM Depth Reading

Depth Ut 89 UnT 21 Unit 836 Unit 795 Ut864 Unt 861

Begin End Begin End Begin End Begin End Begin End Begin End

0 FSW - 0 - - O - - -

soFW 51 1L 5l so s L 51 51 51 5P so S 1
100 FSW #2 102 I00 100 12 102 102 102 101 101 102 i02
ISO FSW J13 15 Sl 153* 153* 153* 153 2 1 152 153" 53*
200 FSW- 2004* 204* -2&00 2&00 203* 203*ý 203"1203"! '-.0Z -202 -20-4* 204*
230 FSW 1221" 2222*218" 218"* 22*. 22211 -22. 2*22"2

-200 1SW 20*24 00 200 203* 2M3 203* 203* .20Q2, 202 -2,00" 20Q3

150 FSW 153" 5"1111 13 5"15"13 5 5 5"1*

100 rSW 102 102, 10 100 102 102 102 102Z 101L 101_ 102 102

5o FSW_ 51 51 1 0 so so 50 51 51
0- - - -0 - p -

Begin = UDM Depth Reading at Beginning of 30 Minute Depth Stop

End = UDM Depth Reading at End of 30 Minute Stop

- Indicates no reading taken

• Readings outside of ±2 FSW specification
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Figure C16

LONG TEm STABILITY/TEMPERATURE SENSITIVITY

29-F WATEk TEMPERATURE, DIVE #4

30 MINUTE STOPS AT 50 FSW INCREMENTS AND AT 230 FSW

DIVE1TRONIC UDM

Chamber UDM Depth Reading

Depth- -Deph Uit 89 Unt 215 Ui 86 Unit 795 U niv 864 Uit 8ý51

Begin End Begin End Begin End Begin End Begin End Begin End
0FW 0 1 - 0 - 0 - 0 - 0 1 - 0 -

50 51 51 51 50 51 50 5 50 5.1 531

.Q102 102 101 10l 102 12 102 1102 101 1J&L 102 12L

153* 153* 152 12153" 153* 153" 153* 152 152 1;" 153

200 Fl 203* 20* 201 201 203*& 23* 203* !203 202*&Z202" 204* 2&A-*

230 2122 223* * 218 2=2t =222* 22221 222* 222* 222*

2002 23 1 2203 203 202 2Q2,_ 204* 2&L QA
10FW 152 153, 152 152 153,* 15.3, 5 13 5 * 5,13

100 1 02 10 102 102 102 12 0 10 1002 102 102
soPW 51 -51- 51 51E 51 51U 53, 51, 51 5Q ,51 -5.1

0FW 0 j- . 0 - 01 - 0 - 0 - I -

Begin - UDM Depth Reading at Beginning of 30 Minute Depth Stop

End - UDM Depth Reading at End of 30 Minute Stop

- Indicates no reading taken

* Readings outside of :2 FSW specification
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Figure C17

LONG TERM STABILITY/TEMPERATURE SENSITIVITY

29*F WATER TEMPERATURE, DIVE #5

30 MINUTE STOPS AT 50 FSW INCREMENTS AND AT 230 FSW

DIVETRONIC UDM

Chamber UDH Depth Reading

1 DeU 8 Uh 21Int86 Unit 795 unit 864 t Unit861

Begin Ed Begin End Begin End Begin End Begin End BeginlEnd

FSW 0 - 0 - 0- - 0 -

so W so 51 So 50 SO 49 0 50 5 50 50
_,.00 FSW 102 102_ 100 10 12 0 101 101 101 101- 101 101

Z.50 FSW 153" 13 151 :1 :: : :: 152 152 tn_ 152

200 FSW 203* 203 00 2002 202 203* 02 0 0 23
230 FSW 22" 21* 222* 2=211* 2'-8" 2,10" 221" 221"1 222* 222* 222"J2211

200 FSW 203*12&03* 200 2Qq_ 203* 2*2Z 202 202 •202 203"i203"*

ISO FBW 153. 153- 151 151 153" 153" 12 152 15 152 152 152_

100 FSW 0. 103L " -110D 100 1 0 00 10iL 101 10

50 FSW 51 51 50 5 1 5 51 10 5 50 50 0

FSW 0 - 1 - - I -

Begin - UIDM Depth Reading at Beginning of 30 Minute Depth Stop

End = UDM Depth Reading at End of 30 Minute Stop

- Indicates no reading taken

* Readinis outside of ±2 FSW specification
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Figure C18

LONG TERM STABTLITY/rEMPERATURN SENSITIVITY

290F WATER TEMPERATURE, DIVE #6

30 MINUTE STOPS AT 50 FSW INCIEMENIS AND AT 230 FSW

DIVETRONIC UDM

Chamber UDM Depth Readiug

Depth '
t 889 Uit 21 Uni9 it 86 Unit 861

Begin End Begin End Begin 2nd Be~in End Be-~inlEnd Begin End

FSW 0 0 - 0 - 0 - 00 0 -

,so F 5 so so, 51 _51 51 50 51. J _ SL

0102 102 100 110 102 110 102 102 10 101 102 102
150 Fly_ 153" 53 151 JAL 153" 13 153* 1" 5 15 154"
200 )..W i a204* u 203" 200 200 20 0 I2 3 0 202 20a* 2 0%*
23Q FSW 211"* 211m 22*12"27I28 2*22 2*22 * 22

202 " 00 20 0. 2" 202 202 . 204* 204*

150 F IW 153" 153* 151 151 3 153* 13 153 152 152 153* 153*
100 ZESW 1Q212 I=_ 100 102_ 102 10 0 01 i01_ 10210

50 FSW 51 1 0 50 51 51 51 1 0 50 51 51

0 FSW 0 - 0 - 0 - 1 0 Q - - -

Begin = UDM Depth Reading at Beginning of 30 Minute Depth Stop

End - UDM Depth Reading at End of 30 Minute Stop

- Indicates no reading taken

* Readinga outside of *2 FSW specification
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Figure C-19

LONG TERN STABILITY/TEMPERATURE SENSITIVITY

93&F WATER TEMPERATUREv DIVE #1

30 MINUTE STOPS AT 50 FSW INCUMENTS AND AT 230 PSW

DIVETORIC UDM

1UDM Depth ReadingChauber

Depth Unit 889 Unit 215 Unit 836 Unit 79b Unit 864 Unit 861

Begin End Begin End Begin End Begin End Begin End Begin End

0D ALT 0L 0L L 2 0 0 0
_LLb L1L~L 1L 2 2 D .. , .... 2 100.

so FSW 50 49 51 1 U 50 49 50 50 _5D 50 50 _,50

100 flL 921 IlL 1~ ~ LiL ZL~ ~ 2Q Z
.I 0 -199 i 0 ,i 1_ i01 99 99 i1 .00 I00 I00 I00 i00

130 FSW 150 IN_ _In_ 151 149 149 151 151ý 11_ JAI_ 1-51 151_
200 FSW 199 !199 201 2&1.. 199 1Uq_ 0!20 0 200 200 200

230 FSW 223* 22 -1221* 2A2, 222* 222* -222* 2 22* 122 221
200 ESW .199 In_ 2 Q1 2&1- 192 129 200 0 200 200 200 200
ISO FSW 150 150 152 131 149 149 151 151 151 151 I51 151
10Q FSW i0 100 I0- =-1 01.- 99 99 C) 00 100 100 AN- I00 00

50 W -49 49L 50 49 49 50 50 50 0 0

0 FSW - 0 0 - 0 - 0 - -

Begin - UDM Depth Reading at Leginning of 30 Minute Depth Stop

End - UDM Depth Reading at End of 30 Minute Stop

- Indicates no reading taken

* Readings outside of ±2 FSW specification
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Figure C-40

LONG TERM STABILITY/TEMPERATURE SENSITIVITY

93-F WATER TEMPERATURE, DIVE #2

30 MINUTE STOPS AT 50 FSW INCREMENTS AND AT 230 FSW

DIVTMRONIC UDM

ChAmber UDM Depth Reading

Depth Unit 889 Unit 215 Unit 836 Unit 795 Unit 864 Unit 861

Begin End Begin End Begin End Begin End Begin End Begin End

0 0 - - 0 - - - 1 0

SoLISW 49 49 so so 50 so o50 5 50 5Q so 5Q
Igo 1L99 99 10l 10l 99 99 inn 100 10Q lO0 10o 11L

199 199 201 2l1 1 29 19 200 2&0 -200 200 200 200

223*223* 22L*2 222* .222 222 2122 222*- 2111 -222- 222
2g Q gW1 9 20_ _=_01J 199 I"_9 200. 200 200 200_ 200 200_

15Q 12L 15L 152 51 150 1 151 10 150 150 151 151

.xZ L 99 99 101 101 99 99 100 10 01 100 1Jog0

50XL 49 49 _51_ _ S51 49 49 0 50 50 0
0 -0 -0 0 - 0 0 - 0 -

Begin - UDM Depth Reading at Beginning of 30 Minute Depth Stop

End - UDM Depth Reading at End of 30 Minute Stop

- Indicates no reading takea

* Readings outside of ±2 FSW specification
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Figure C-21

LONG T STABILITY/TEMPERATURE SENSITIVITY

93*1 WATER TEMPERATURE, DIVE #3

30 MINUTE STOPS AT 50 FSW INCREMENTS AND AT 230 FSW

DIVITROIC UDM

Chamber UM Depth Reading

Depth Unit 889 Unit 215 Unit 836 Unit 795 Unit 864 Unit 861

Begin EM Begin End Begin End Begin End Begin End Begin End

0ZSL - - - - -0 -

so PS so so so sO 49 so so 50 50 49 49

100 MS 99 99 101 J -2D9 99 100 1JAI- 1 10 00 10L
130 FSW 149 1,41_ 152, 332L 149 IA9- -=- J15 150 150 -J50 150

200 FSW 199 199 20 202 19 9 200 200 200 90L 199

230 F 222* 223 222C 222. 222* 22 222* 22-1 19D r87" 221* 221*

200 FSW 9 199 2In- 2& 2&1L 19 !10 0 200 1_7. 187*. IQ &2_
150 F5U 149 149 121 151 1 1 149 4 10 iDD

100 M~t 99 99 101 0 99 99 1O0, 100 99 99. 100 100L

5 FSW 49 49 51 49 50 - - 50 49

0 FSw 0 - - o - - -

Begin - UDM Depth Reading at Beginning of 30 Minute Depth Stop

End - UDM Depth Reading at End of 30 Minute Stop

- Indicates no reading taken

* Errors outside of *2 FSW specification
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Figure C-22

LON 11TERN STABILITY/TEMPERATURE SENSITIVITY

930F WATER TEMPERATURE, DIVE #4

30 MNINlM STOPS AT 50 TSW INCRME1TS AND AT 230 FSW

DIVETRONIC UDM

Chamber UDH Depth Reading

Depth Unit 889 Unit 215 Unit 836 Unit 795 Unit 864 Unit 861

Begin End BeginlEnd BeginlEnd Begin End Begin End Begin End

oEL p - - 0 - 0 - 0 - -

so L s HSO 1 49 1 49 50 50 i0 0 50 SO

-100f 00 99U 1& L 101 MI- 99 99 - 100 100- 100 100D2 100 1D00
ISO 1SO lS 5 4 49 131 151 151 11 11!5

20 SW 129 199 202 2&2- 199 19 200 200 200 200 200 200_

-22l . I2A 222*f222* 2222* 2222 222 .222* 222* 222- Z222

20Q1 _ 22_ D2,2 199 Iln 20200 2 200 200 20
1S 0..... I1S0 152 12 149 149L 151 151 151 151 150 J150

99 99 10 101 JI 99 99 100 l0 1 00 - 100&Q 100 ý "D

so a. 49 49 AL 1 1l 49 49 50 50 5 0 50 0

0 -a - - 0 - 0 -

Begin - UDH Depth Reading at Beginning of 30 Minute Depth Stop

End - UDM Depth Readia at End of 30 Minute Stop

- Indicates no reading taken
* Errors outside of *2 FSW specification
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Figure C-23

LO•G TERN STAILITY/TUIP!RATURI SENSITIVITY

93P7 WATER TUIRATURE, DIVE #5

30 MINUTE STOPS AT 50 FSW INCREMMTS AN4D AT 230 FSW

DIVETRONIC UDM

Chamber UDM Depth Reading

Depth Unit 889 Unit 215 Unit 836 Unit 795 Unit 864 Unit 861

Begiu End lBegin End Begin .End Begin End Begin End Begin End

0 FSW 0 0 - l- 0 . -.

so0 FU so so -a 9 49 50 so so so so so
100 FSW 100 100 1,31 ],a- 99 99 100 JAL- 101 100 100 0

_150 M1 -a 150 150 151L15 149 10_ 150 150 151 151 150 10L

_200 FSW _199 200 =20 2 199 JL19L 9 9 201 20 199 122

_230 FUL 224* 224* .22. 221ý 222 222* 232. 2221*.122 222* 2 221 *

1200 Ff 200 200 201 200 19L 39L 199 199 20L 2QL aOO 122

ISO PSW 150 150 1LU IlL 149 l49 150 150 151 IlL 1 50

_100 FSW 99 100 100 l00 99 99 _1DQ 99 100 100 100 10Q
SO5 FSWJ so so so so 49 49 49 49_ 50 50 49 49

0 FSW 0 - 0 - 0 - 0 - 0 - 0 -

Begin - UDM Depth Reading at Beginning of 30 Minute Depth Stop

End - UDM Depth Reading at End of 30 Minute Stop

- Indicates no reading taken

* Errors outside of *2 FSW specification
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Figure C-24

LOIN TERM STABILITY/TEMPIPATURU SENSITIVITY

93"7 WATER TIM13RATURE, DIVE #6

30 MINUTE STOPS AT 50 FSW INCREM]ITS AND AT 230 FSW

DIVETRONIC UI

I Chamber UDM Depth Reading

Depth Unit 889 Unit 215 Unit 836 Unit 795 Unit 864 Unit 861

Begin End Beginjknd Begin End Begin End Begin End Begin End.

-0 r a I 00 0 1 0 -0 01 -

100 99 102 102 99 99 100 .100 101_ _O 10 101
50PWI1SO Mg_ _J2 15 1• 49 0 0 1115 1 1

_200 FL 199 199 _n&_ 232 199 199 203 2&0 2 20, -!U1 2&1

222. 22DL 2L 2 .22* 22 12L 2. 221" 2_ 22" 22,-22 222L
20.,W200 MD -2u2 JUL2 199 In-Q __Zo 200 20 0 . _,._ 01 2,_

50 0L 1 a2 l52 150 L150 150 130 151 .i 5 iL 151
,1o0 Is 00 ~ lt 99 I00- .100 -koI 1A•I -=. I0110

500S S 49 31 S1 A9 49 500 % 51 _50 L -151.

0 Q0 - 0 - 0 - - 0

s-gin - FDM Depth Reading at Pe3inning of 30 Minute Depth Stop

Eud v UDA Depth Readira at End of 30 Minute Stop

- Indicates no reading taken
* Errors outside of *2 FSW spetlfication
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APPIMIX D

RIU TITIV3 30 DECONPRSSION DIVE PROFILE TRACKING DATA

UMC dive Orofiles are charted as coepared to HP 1000 computer
progrominug. Two separate repetitive dives are charted with surface intervl
depths of 2 M and 45 F8W respectively. The following dive% profiles were
executed:

a. 60 78W No Decompression
1 Hour Interval at 2 FSW
120 PSW No Decompression

b. 60 78W No decompression
1 Hour Interval at 5 ISW
120 rSW ro Decompression

A comparison of profiles provides an evaluation of the UDN'a switch
from PPO2 of .7 to PP02 of .21 at 3 FSW. All dives were conducted at 290F
water temperature.

KEY:

Figure Dl: Divetronic Unit 889
Figure D2: Divetronic Unit 864
Figure D3: Divetronic Unit 861
Figure D4: Divetronic Unit 836
Figure 05: Divetronic Unit 795
Fir-re D6: Divetronic Unit 215
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Figore 01

REPETITIV[ NO DECOMPRESSION DIVE PROFILE TRACKING DATA

29*F ATER TEMPERATURE

DIVETRONIC UH O189

Dive Profile a. 60 FN Mo Decompression

1 Hour Surface Interval at 2 P5W

120 FSW No Decmpression

ELAPSED U0H SAD CHANGE
oDVE I TINE COMPARED
rTIk COMPTER UGH COMITER UDG TO COMPUTER SAD

WL mI DEuTH 1• .l) SAl A CHANGE TIfE !LADNDS

440 1 60 dL W -

444M IN0 60 lO0l +16

,tso 4 is 1o .. 0-

4_02 23 24 0 a -2
a"4 120 120 a 10 -

am 120 120 1L 10 -12

NfOD 10 0l W in -

91130 1 to in 0+S

Dive Profile b, 60 FSW No Decmpression

1 Hour Surface Interval at 5 FSW

120 FSW No Decompression

ELAPSED UBM SAD CHANGE
DIVE TIME COMPARED
TIME COMPUTER U)H COMPUTER UGH TO COMPUTER SAD(SECONDS) DEPTH (FSWI DEPTH (FSW1 SAD (F5W) SAD (FSW) CHANGE TIME (SECONDS)

4,380 60 60 10 o0 . -

4460 60 60 10 10 +80

4520o 20 20 10 0 -

455L% S .5 0 0 -36

9164 120 :2E 10 0-

9178 120 120 10 10 +14

9448 10 10 10 1 0 ,

9474 10 W 0 0 L -26

- Indicates awaiting neAt SAD change on UDM or computer for SAD change times
comparison

MMTE: Slight differences in computer depth and UDM depth during SAD change
times are occasionally evident, particularly when SAD changes occurred during
depth travel. This is a result of slight delays in manually programming
computer depth to reflect UGH depth changes.
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Figure 02

REPETITIVE NO DECOMPRESSION DIVE PROFILE TRACKING DATA

29*F WATER TEMPERATURE

DIVETRONIC J u8 "64

Dive Profilo a. 60 FIS No Decompression

1 Hour Surface Interval at 2 FSW

120 P3W No DecK resshion

ELAPSED I UON SAO CHANG EDIV[ TIME COMPAREDTINE COMPUTER USl COMPUTER UGH TO COMPUTER SAD

"CUUMMtU DEPTH S•RlD Th FF'N1) SAD (IFW CHANGE TI1E (SECONDSO
"in1 fin rig• 10 a

-ML 4a6 45. O .0 10 __J +54

ma6 27 , 27 10 a -

4_ _ 22 21 0 a -10

-Lg2 120 120 a 10 ,-

A an 78 to 10 -40-

sMw 12 17 a 10. - .

am80. • 18 10 0 0 , L.122

Dive Profile b. 60 FSW No Decompression

1 Hour Surface Interval at 5 FSW

120 FSW No Oecompression

ELAPSED UDM SAD CHANGE
DIV[ TIME COMPARED
TINE COMPUTER UGM COMPUTER UDM TO COMPUTER SAD

(SCN) DEPTH (F1) DEPTH, JW (= (F'I SADAD (SW CHANGE TIME (SECONDS)

43AU• 60 Go , 10 a -

4456 60 so 10 10 .+100

4496 28 29 10 0 .

4506 S 0 0 -54

9140 120 120 10 a -

9154 120 120 10W, 10 ,, +14

9378 10 10 10 a

9452 1 0 _ 0 a -74.

- Indicates awaiting next SAD change on UDM or computer for SAD change times
compari son

NME: Slight differences in computer depth and UOM depth during SAD change
times are occasionally evident, particularly when SAD changes occurred during
depth travel. This is a result of slight delays in manually progranming
computer depth to reflect UDM depth changes.
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Figure 03

REPETITIVE NO DcOmPFtESSION DIVE PROFILE TIUCXIN DATA

290F MATER TEMPERATURE

DIVETItRONIC UOIM I61

Dive Profile a. 60 FSV N~o Dempression

1 Hour Surface Interval at 2 FSW

120 FSW No Decompression

fLAPS UMb SAD OOMN6
De TIN4E COMPARED
TINE COMPUTER UWM COMPJTER UGH TO COMPUTER SADLisgcnm DErPTH I=)V OE (MI SAD (FSV1 SAD (FSW QW&E TIME (sE=51mS

4474 60M 10 10 "Ai.

8514_ 120 120 a 10 -

MAVA4 120 120 10 in_-1 _

__ JL

8750 10 10 0 W0 -

10 IQ 0 0 _ 72_ _

Dive Profile b. 60 FSW No Oecompression

1 Hour Surface Interval at 5 FSW

120 FSW No Decompresslon

ELAPSED UOH SAD 0AW*GE
DIVE TIME COMPARED
TIME COMPUTER UGH COMPUTER UOH TO COMPUTER SAD

(SECONDS DEPTH (Fi) DEPTH (M) SA = SAHD (= WIMGE TIME (SEC04DS)_

4430 60 60 10 _ _

44" 60 so 1l 10 1

m4510 23 13 0 10-

4520 is 1!2 0 0 +1I0

899 120 120 10 10 0

92610 10 0 10-

92L 10 10 W __ _

- Indicates awaiting rext SAD change on UDH or computer for SAD change times
compari son

NMT: Slight differences in computer depth and UOH depth during SAD change
times alre occasionally evident, particularly when SAD changes occurred during
depth travel. This is a result of slight delays in manually programing
computer depth to reflect UOM depth changes.
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Figure D4

UPEPETITIVE NO DECOMPRESSION DIVE PROFILE TRACKING DATA

296F WATER TEMPERATURE

DIVE(I•NIC UDM 0836

Dive Profile a. 60 FSW No Decompression

I Hour Surface Interval at 2 FSW

120 FW No Decompression

ELAPSED UDM SAD CHANGE
TIME COMPUTER UGH COMPUTER UOH TO COMPUTER SAD

•Lj = DT M t DEPTH (FSW)SADF SAD(F)SAD (FS) CHANGE TIME (SECONDS)

4428 60 60 W 1Q -
4-462 IQ 60 10 10 -34

4510 29 28 a 10 -

4536 13 12 0 0 +26

_Jso 12Q J10 0 10 o_-
8524 120 120 10 10 -18

S!0 10 1 J 10_ _

894 in, 10 0 +98

Dive Profile b. 60 FSW No Decompression

1 Hour Surface Interval at 5 FSW

120 FSW No Decompression

ELAPSED UDM SAD CHANGE
DIVE TIME COMPARED
TINE COMPUTER UDM COMPUTER UDM TO COMPUTER SAD

(SECONDS) DEPTH .FSW) DEPTHWYF% SAD (FSW) SAD (FSI) CHANGE TIME (SECONDS)

4420Q 60 0 10 -

4448 F. 60 10 10 -6

4498 26 25 W 10 -

45O4 ,21 21 0 0 +

918120 120 10 10

10 10. a 0

g4.10 10 0 0 I

Indicates awaiting next SAD change on UDM or computer for SAD change times
compari son

NOTF: Slight differences in computer depth and UDM depth during SAD change
times are occasionally evident, particularly whan SAD changes occurred during
depth travel. This is a result of slight delays in manually programming
computer depth to reflect UDM depth changes.
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Figure DS

REPETITIVC W DECOMPRESSIIN DIVE PROFILE TRACKING DATA

29*F WATER TEMPERATURE

DIVETRONIC UON 1795

Dive Profile a. 60 FSV No Decompression

1 Hour Surface Interval at 2 FSW

120 FSW No Decompression

ELAPSED UON SAD CHANGE
DIVE TIME COMPARED
TIME CO.UfTER UOH COMPUTER U34 TO COMPUTFR SAD

(SLN) DEPTH (IFS) DEPTH (FS1 SAD (FSLW SAD (FSMV CHANGE TIME (SECONDS)

448 l 60 eo Don -
449D fig 60 10 10 +2

4.5U 27 27 O10 -

4574 14 10 0 0 +26

Asma 120 120 13 10

8608 Igo ,,.20 10 10 +20

8828- 10 10 0 10 -

8910 10 in 00 0 +82

Dive Profile b. 60 FSW No Decompression

1 Hour Surface Interval at 5 FSW

120 FSW No Deoompression

ELAPSED UDM SAD CHANGE
DIVE TIME COMPARED
TIME COMPUTER UDM COMPUTER UDO TO COMPUTER SAD.(.,,CONDS) DEPTH (FSW) DEPTH (FSW) SAD (FSW) SAD ('FS'#! CHANGE TIME (SECONDS)

4328L 60 60 ]0 0 .-

4460 60 60 10 10 t132

45 14 16 10 0 _

4608 10 10 0 W -70
922 20 120 10 0 -

928120 120 1O_ýL- 10 +26

9544 10 1Q 1J p0 -

9616 10 10 1 0 -72

- Indicates awaiting next SAD change on UDM or computer for SAD change times
compari son

_MME: Slight differences in computer depth and UDM depth during SAD change
times are occasionally evident, particularly when SAD changes occurred during
depth travel. This is a result of slight delays in manually programming
computer depth to reflect UD0 depth changes.
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Figure 06

REPETITIVE NO DECOMPRESSION DIVE PROFILE TRACKING DATA

296F WATER TEMPLRATURE

DIVETRONIC UDM #215

Dive Profile a. 60 FSV No Decompression

1 Hour Surface Interval at 2 FSW

120 FSW No Decompression

ELAPSED UDM SAD CHANGE
DIVE TIME COMPARED
TIME COMPUTER UDM COMPUTER UDO TO COMPUTER SAD

(SECONDS) EMTH (FS) DEPTH (FMJI SAD (FSW) SAD (FSW) CHANGE TIME (SECON4QQ

4AQ4 so 50 10 o -

4446 60 60a to 10 +22

4490 30 31 10 a -

4496 25 27 O 0

840120 120 10 0-

8490 120 120 10 10 1 _ _

810 10 10 0 -_
S0 0 10 0-

Dive Profile b. 60 FSW No Decompression

1 Hour Surface Interval at 5 FSW

120 FSW No Decompression

ELAPSED UDM SAD CHANGE
DIVE TIME COMPARED
TIME COMPUTER UDM COMPUTER UDM TO COMPUTER SAD

,(SECOND-) DEPTH (FSW) DEPTH (FSW) SAD (FSW) SAD (FSW) CHANGE TIME (SECONDS)

4,41o 60 60 10 0 -

4466 60 60 10 10 +56
4510 • 27 28 10 0-

4S38 10 10 0 0 -28

9110 120 120 10 0 -

9112 120 120 10 10 +2

9.412 10 10 0 10 -

9418 9 10 0 0 +6

- Indicates awaitingq -ext SAD change on UDM or computer for SAD change times
comparison

=TE: Slight differences in computer depth and UUM depth during SAD change
times are occasionally evident, particularly when SAD changes occurred during
depth travol. This is a result of slight delays in manually programling
computer depth to reflect UDM depth changes.
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APPENDIX E

DECOMPRESSION DIVE PROFILE TRACKING DATA

UDM dive profiles are charted as compared to HP 1000 computer
programming. Two separate dive profiles were conducted on each UDM an the
following schedule:

a. 175 FSW 60 Minutes
b. 150 FSW 30 Minutes

Dive schedule a. is conducted at 29°F and 936F water temperatures.

Dive schedule b. is conducted at 290 water temperature.

KEY:

Figure El : Dive Profile a. at 290F Water Temperature, Divetronic UDM 889
Figure 32 : Dive Profile a. at 290F Water Temperature, Divetronic UDM 864
Figure E3 : Dive Profile a. at 290F Water Temperature, Divetrouic UDM 861
Figure E4 : Dive Profile a. at 290F Water Temperature, Divetronic UPH 836
Figure E5 : Dive Profile a. at 290F Water Temperature, Divetronic UDM 795
Figure 56 : Dive Profile a. at 29°F Water Temperature, Divetronic UDM 215
Figure E7 : Dive Profile a. at 93*F Water Temperature, Divetronic UDM 889
Figure ES : Dive Profile a. at 930F Water Temperature, Divetronic UDM 864
Figure 59 : Dive Profile a. at 930F Water Temperature, Divetronic UDM 861
Figure E10: Dive Profile a. at 93°F Water Temperature, Divetronic UDM 836
FtCure Ell: Dive Profile a. at 930F Water Temperature, Divetronic U)M 795
Figure 512: Dive Profile a. at 930F Water Temperature, Divetrouic UDM 215
Figure 513: Dive Profile b., Divetronic UDM 889
Figure E14: Dive Profile b., Divetronic UDM 864
Figure E15: rive Profile b., Divetronic UDM 861
Figure 516: l)ive Profile b., Divetronic UDM 836
Figure E17: 3)ive Profile b., Divetrouic UDM 795
Figure E18: live Profile b., Divetronic UDM 2±5

E-1



FIGURE El

ftECOMPRESSION DIVE PROFILE TRACKING DATA
DIVE PROFILE A. 175 FSW 60 MINUTES, DECOMPRESS TO SURFACE

299F WATER TEMPERATURE
DIVETRONIC UOM 889

UDM WARNING STATUS
UOM SAD CHANGE CHANGE TIME

ELAPSED TIME COMPARED TO COMPARED TO
DIVE COMPUTER UlO COMPUTER UUM COMPUTER SAD COMPUTER UOM COMPUTER WARNING
TIME DEPTH DEPTH SAD SAD CHANGE TIME WARNING WARNING STATUS CHANGE TIME

(SFXMODSI. (E LE&I £ESL. (FSW) (SECONDS) STZATUS. STZATUS. (SECNQS)

492 0 - - - .,_-

S502 176 175 10 10 +10 - - -
5M- 175 175 20 _1_ ...

576 175 175 20 20 +10 - - -

656 17S 17 30_ 20. . .0 -. - -

666 1 17 30 30 +10 -

768 175 40 30 - - -_,

780 175 175 40 40. +12

920. 175 175 50 40 -...

934 175 1J175 so so +14 - - -

1160 175 175 60 5so ",

1178 175 175 60 60+18

lJ82 175 75 60 - FLASHING -

1520 17S 17S 60 60 - FLASHING FLASHING +38

1678 175 175 70 60 - ELASHING FLASHING .

1700 175 175_ 7 70 +22 FLASHING FLASHING -

2114 175 175 80 70 - FLAHING FLASHING -

2132 175 175 80 80 +18 FLASHING FLASHING-

3020 175" 17 90 8 - FLASHING FLASHING
3044 15 175 99 90 +24 FLASHING FLASHING-

4264 9Q 90 90 80 FMASHING FLASHING

4302 80 so 80 8Q-is FLASHING FLASHING

5144 80 80 80 70 FLASHING FLASHING

5156 75 70 70 -12 FLASHING FLASHING

6§QL 70 70 70 60 - FMSHING FLASHING _ -

6010 67 so.I5 60 -4 ELASHINGIFLASHING -

Indicates awaiting next change in SAD or warning status on computer or UDM for change
time compari son

_QE: Slight differences in computer depth and UDM depth are occasionally evident, parti.-arly
during depth travel, as a result of slight delays in manually programing computer depth to
reflect UDM depth changes.
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FIGURE El

(Continued)

UDM WARNING STATUS
UJON SAD CHANGE CHANGE TIME

ELAPSED TIME COMPARED TO COMPARED TO
DIVE COMPUTER ON COMPUTER UDM COMPUTER SAO COMPUTER UDM COMPUTER WARNING
TIME DEPTH DEPTH SAD SAD CHANGE TIME WARNING WARNING STATUS CHMANGE TIME

(SECOND M)E~ (15VJ (FSW1.. (FSW (SCNS STATUSi STATUSL (SECONDS)

76 WO -0 M0 - FLASHING FLASHING -

760 0 -K- 30 -AD- --40 FLASHING) FLASHING .

314 so so so 40 - FLASHING

934" 40 40 40 40 -32 FLASHING LSHN

11040 39 40 40 L - FLASHING-

11052 29 31 30 3C -12 FLASHINGLFLASHINGL-

1314D 30 30 20 30 - FLASHING FLASHING -

13160 3 3 0 20 +20 FLASHING FLASHING-

17490 20 20 10 20 - FLASHING LASHING -

17532 19 _.. 2_ 10 10 +42 FLAHIG FLASHING -

17538 16 17 10 10 - - FLASHING -

19172 10 10 10 10- +1634*

23566 .0 10 a 10 - - - -

23i58 10 18 0L - -+-_

- Indicates await 4ng next change in SAD or warning status on computer or UOD for change
time comparison

* Technician error in plotting data.

NOT: Slight differences in computer depth and UDN depth are occasionally evident, particularly
during depth travel, as a result of slight delays in manually prograinnng computer depth to
reflect UION depth changes.
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FIGURE E2

DECOMPRESSION DIVE PROFILE TRACKING DATA
DIVE PROFILE A. 175 FSW 60 MINUTES. DECOMPRESS TO SURFACE

290F WATER TEMPERATURE
DIVETRONIC UOM 1864

UDM WARNING STATUS
UDC SAD CHANGE CHANGE TIME

ELAPSED TIME COMPARED TO COMPARED TO
DIVE COMaUTER UD COMPUTER U0M COMPUTER SAD COMPUTER UDM COMPUTER WARNING
TIME DEPTH DEPTH SAD SAD CHANGE TIME WARNING WARNING STATUS CHANGE TIME

(SECONS) ..LSL. (FSWI, (FSW)... (FSW (SECONDS) STATUS-. ST~ATUSi (SECONDS)

mD 1715 175 in I a ..

,ZI i1 . 17 17 4L + - - -_

374 , 1L 175 2L - - -10

170 175 20 20 t -8., -

a"4 179 175 30 20 ...

674 179 17L 3 L 30 +10 - -

778 175 I75 4L .0 ....

788 17 1l L 40 40 +10-

932 7 175 50 40 ....

944 -1 u !SO + - - -

1174 175 175 60 SO ...

Ilea 17S ilL 6L 50 1 - - -D_1

1490 175 so 60 - LASHING -

1504 17S 175 so 60 - FLASHING FLASHING +14

1692 75 175 0 - FLASHING FLASHING -

1700 175 175 70 70 +8 FLASHINGF FLASHING -

2130 17S 175 go 70 - FLASHING FLASHING -

2132 175 175 80 80 +2 FLASHING FLASHING -

3046 175 175 80 90 - FLASHING FLASHING -

3062 175 175 90 90 -16 FLAHIN FLASHING -

4352 90 X_ 90 80 - FLASHING FLASHING -

4370 81 80 80 -18 FLASHTIN FLASHING -

5214 80 80 80 70 - FLASHING FLASHING _

5224 7 6 70 L -10 FLASHING FLASHING -

6076 70 7 60 60 0 FLASHINGI FLASHING -

7746 60 0 60 50 -_FLASHING FLASHING -

- Indicates awaittIng next change in SAD or warning status on computer or UD01 for change
time comparison

NOTE: Slight differences in computer depth and UDM dapth are occasionally evident, particularly
during depth travel, as a result of slight delays in manually programming computer depth to
reflect UDM depth changes.
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FIGURE E2

(Continued)

UDM WARNING STATUS
UDM SAD CHANGE CHANGE TIME

ELAPSED TIME COMPARED TO COMPARED TO
DIVE COMPUTER UDM COMPUTER UDM COMPUTER SAD COMPUTER UDV COMPUTER WARNING
TIME DEPTH DEPTH SAD SAD CHANGE TIME WARNING WARNING STATUS CHANGE TIME

(SECONDS .J.ES . (W)1 (M)E~ (.2 (SECONDS) STATUSi. STATUS (SECONDS)

S.... 7780 50 t5 50 L. -34 FLASHING FLASHING -

W6 o 5 so 40 - FLAHING FLASHING -

9486 42 41 40 40 -18 FLASHING FLASHING -

.1194 40f 40 30 30 0 FLASHING FLASHING -

13370 30 30 20 - FLASHING FLASHING -

13374 30 30_ 20 -IQ -4 FLASHING FLASHING -

1762 20 20 20 - - FLASHING -

17758 20 Z. 20 20 - - - +76

178k2 20 ,. 20 10 _2&_..

,1724 20 20_ 10 1.0 +2---.,

23980 10 1 a 10 - - - -

24022 10 10 0 0 +42 - - -

- Indicates awaiting next change in SAD or warning status on computer or UDM for change
time comparison

NM: Slight differences in computer depth and UDN depth.are occasionally evident, particularly
during depth travel, as a result of slight delays in manually programming computer depth to
reflect UDN depth changes.
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FIGURE E3

DECOMPRESSION DIVE PROFILE TRACKING DATA
DIVE PROFILE A. 175 FSW 60 MINUTES, DECOMPRESS TO SURFACE

29OF WATER TEMPERATURE
DIVETRONIC UDM 1861

UOD WARNING STATUS
UON SAD CHANGE CHANGE TIME

ELAPSED TIME COMPARED TO COMPARED TO
DIVE COMPUTER JOM COMPUTER UCH COMPUTER SAD COMPUTER UDM COMPUTER WARNING
TIME DEPTH DEPTH SAD SAD CHANGE TIME WARNING WARNING STATUS CHANGE TIME

(SECONDS) (EFL.. IEWK1 ...LEWL. (FSW) STtRL.. iATUSi STATUS (SECONDS)

494 175 175 10 a ....
02, 175 7 10 10 +8 -- ,

570 175 175 20 10 -...

576 17, 17 2 ,. 2L .6 - - -+

56M 175 1ZL. 30 20 -

•,U 174 !75_ 30 3+ 4

774 175 175 40 30

778 175 -.75 40 40 +"4

930 175 15 50 40 .... ,

932 175 175 5L 50 ,.+2 - -+2

1178 17 7_ , - ,- _.,

1486 175 175 IQ 50 - FLASHING --

1496 175 175 60 - LA LASHING +10

1690 175 175 70 60 - FLA.

1646 175 L75 70 70 •+6 FLSHING FLASHING -

2126 175,. 17L 80 70 - FLASHING FL-SHZN-

2132 175 175 80 go FLAS FLASHING -

3060 175 175 go 80. - FLASING FLASHING -

306 .2 175 175 90 90 +2 FLASHING FLASHING - ..

42 9 0 80 90 - FLASHING FLASHING -

4304 90 90 8 80 +2 ELASHING FLASHING -

5154 an 80 70 80 - FLASHING FLASHING -

5164 80 802 70 70 +10 FLASHING FLASHING -

2008 70 70 60i 70 -FLASHING FLASHING -

6028 70 70 6(0 60- +20 1FLASHINGIFLASHIN -

7652 60 6-060 50 150 0 IFLASHINGIFLASHING -

- Indicates awaiting next change in SAD or warning status on computer or UDM for change
time comparison

NOT=: Slight differences in computer depth and UDM depth are occasionally evident, particularly
during depth travel, as a result of slight delays in manually prograLming computer depth to
reflect UDM depth changes.
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FIGURE E3

'Conti nued)

UDM WARNING STATUS
LION SAD CHANGE CHANGE TIME

ELAPSED TIME COMPARED TO COMPARED TO
DIVE COMPUTER UBO COMPUTER LIO COMPUTER SAD COMPUTER UDM COMPUTER WARNING
TIME DEPTH DEPTH SAD SAO CHANGE TIME WARNING WARNING STATUS CHANGE TIME

LI~SEM ) _imi_. LEZM) - . FMKL (SECONDS)~ T.5ATUL SIAIiIS. (SECQNDS)

930 -01 40 -, , FLA FLASHING -

48 45 40 40 +88 FLASHING FLAHING -

11066 40_ 4 0 0 - FLASHING FLASHING -

1 ] 1102 40 40 30 30 +36 FLASHING FLASHING -

1324f 130 3L 20 30 - ELASHING ELASHING -

13284 30 _020 2+3t8 ]:FLASHING FLAS41NG-

17556 20 20 20 20 - _ FLASHIG -

176 . 20 1& __M. - - FLASHN-

17§70 20 2J *0 2 - - - -2.114

17712 20 20 10 10 __2_

237_ __ 10 10 0 ___10
23882 --10 10 0 j +102

- Indicates awaiting next change in SAD or warning status on computer or UUM for change
time co.pari son

QT.i: Slight differences in computer depth and UDL depth are occasionally evident, particularly
during depth travel, as a result of slight delays in manually progruming computer depth to
reflect UON depth changes.
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FIGURE E4

DECOMPRESSION DIVE PROFILE TRACKING DATA
DIVE PROFILE A. 175 FSW 60 MINUTES, DECOMPRESS TO SURFACE

296F WATLR TEMPERATURE
DIVETRONIC UDM #836

UOM WARNING STATUS
UDM SAO CHANGE CHANGE TIME

ELAPSED TIME COMPARED TO COMPARED TODIVE COMPUER UNCOMPUTER U COMPUITER SAO COMPUTER UOM COMPUTER WARNING

TIME DEPTH DEPTH SAD SAD CHANGE TIME WARNING WARNING STATUS CHANGE TIME
ChIMI) im (f~J ) ~ECONDS) STATUSj STATUSj 4SECONDS) -

420 179 17S in a ,-
_49 17S 17S 10 10 +_ _

M4.1E .. ... 1lL .1 1L - -1 _

572 175 17 20 20 1 - -+

552Lj 17n 17S 30 20 ...

•wZZ 17!s 1l7 L 31 - - -1_

,7f4 175 175 40 30 ....-

778Z ,.. _ 175- J25 40 40 t14---

916 175 175 50 40 ...

934 17S 17- SO I& +18 -

1154 175 175_ 60 SO ...

ilea8 175 175 60 - -

147a '7S 175 .0 6 - FLASHING - -

_Li2i 175, . 175 60 60 -FLASHING FLASHING +18

1f70 175, 17L 7i _W - FLASHING FLASHTNG -

170 15 17 70 70 +30 FLASHING FLASHING -

209 , 7 g5 70 - FLASHING FLASHNG -

2138 175 75 80 0+44 FLASHING FLASHING -

294i 1 175 90 80 - FLAS FLASHING -

3060 175 ._ 175 90 90 +76 FLASHING FAHN

4323 90 90 go 90 - FLASHING FASHIN9 -

4325 90 90 80 _U +2 _ FLASHING FLASHING-

5153 so 80 80 70 - FLASHING FLASHING -

5178 70 70 70 70 -25 FLASHING.FLASHING -

6016 69 70 70 60 - , LASHING FLASHING! .
6030 60 59 60 60 11 FS INGFLASHING -

- Indicates awaiting next change in SAD or warning status on computer or UDM for change
time compari son

_%ai: Slight differences in computer depth and UDM depth are occasionally evident, particularly
during depth travel, as a result of slight delays in manually programming computer depth to
reflect UOM depth changes.
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FIGURE E4
(Continued)
( u 

UDM WARNING STATUS
UCH SAD CHANGE CHANGE TIME

ELAPSED TIME COMPARED TO COMPARED TO
DIVE COMPUTER UDH COMPUTER UDK COMPUTER SAD COMPUTER UDM COMPUTER WARNING
TIE DEPTH DEPTH SAD SAD CHANGE TIME WARNING WARNING STATUS CHANGE TIME

(SCOM S SEL (MEl. (.FSW (SECONDS .I.STAT STATUS (SECONDS)

76M 9 _ __ -fASHING FLASHING -

7621 _5 j W O0 -27 FLASHINS FLASHIRG -

9343 So SO so 40 - FLA2SING ;LASHING -
g3gg 40 0 4 4 5 FLASHING, FLASING -

1108 g 4 30 - FLASHING FLASHING -

11107 30 30 30 30 -20 FSHING-FLASHING -

13231 30 30 30 20 FLASHIN FLASHING -

13255 22 2L 20 .20 -24 FLASHING FLASHING .-

17597 20 20 20 20 - - FLASHING -

17651 20 20 20 10 - - FLASHING -

17657 16 17 10 10 -6 - FLASHING -

17692 10 10 10 . 10 ...- +102

23765 10 10 10 a - .- - -

~2~3800 L 0. 0 -37 - .

- Indic&tes awaiting next change in SAD or warning status on computer or UOM for change
time comparison

a=.E: Slight differences in computer depth and UDM depth are occasionally evident, particularly
during depth travel, as a result of slight delays in manually programing computer depth to
reflect UDM depth changes.
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FIGURE E5

DECOMPRESSION DIVE PROFILE TRACKING DATA
DIVE PROFILE A. 175 FSW 60 MINUTES, DECOMPRESS TO SURFACE

294F WATER TEMPERATURE
DIVETRONIC UOM 9795

UDM WARNING STATUS I
UDN SAD CHANGE CHAANGE TIME

ELAPSED TIME COMPARED TO COMPARED TO
DIVE COMPUTER UG COMPUTER UON COMPUTER SAD COMPUTER UDM COMPUTER WARNING
TIME DEPTH DEPTH SAD SAD CHANGE TIME WARNING WARNING STATUS CHANGE TIME

40 17S 175 10 a ..

4 17- 17 in 10 +4 --.

m 174 . 175 10 - - - -

. J174 175 0 02 , -20--29 +2

fiss 175 15 30 0..

_.770 175 15 ,40 30 ..

,72 17 175 402 - -+2

92; 17 17&_ 50 40 ....

932 17L -UL . i -O - - - -_

1172 175 175 60 so ....
S1178 175 125- so -ML +6---

I184 175 15_ 60 60 - FLASHING - -

494 175 175 60 - FLASHING FLASHING +10

1A8 175 175L 70 60 - FLASHING FLASHING -

162 1. 17 175. 70 70 +4- FLASHING FLASHING -

2124 175 175 g0 70 - FLASHING FLASHING -

_-LZA_ _ 7 175. 80 80 +4 FLASHING FLASHING -

3012 75 -17 90 8 - . FLASHING LASHING -

3028 12s 17S 90 90 +16 FLASHING FLASHING -

4364 go 90 90 so - FLASHING FLASHING -

4380 go 81 , 80 80 -16 FLAZ £LASHINt - .
5234 80 80 70 80 FLASHING FLASHING-

5260 78 80 70 70 +26 FLASHING ;FAHN

6-ft 70 70 60 70 - FLASHING FLASHING -

6090 69 70 60 60 +4 FLASHING FLASHING -

7756 60 60 60 5so - FLASHING FLASHIIG -

- Indicates awaiting next change in SAD or warning status on computer or UDM for change
time comparison

-NOT: Slight differences in computer depth and UDM depth are occasionally evident, particularly
during depth travel, as a result of slight delays in manually progranming computer depth to
reflect UDM depth changes.
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FIGURE E5

(Continued)

JUOM1 WARNING STATUS
UCH SAO CHANGE CHANGE TIME

DIVE COMPUTER UG COMPUTER UOM COMPUTER SAD COMPUTER UGH COMPUTER WARNING

TIME DEPTH DEPTH SAD SAD CHANGE TIME WARNING WARNING STATUS CHANGE TIME_Sa l(a FW m (SCNS TTS SAU (SECONDS)

iza N s o4 FJL& N3 &M LASHING -

9M 40 - FLASHING FLAHING. -

9496 41 41 40 40 -L6 FLASHING A ING -

112_ 40 40 30 40 - BhA t= FLASHING -

1120 40 40 3_ + 2 _LAN_ FLASHING -

134M0 3L an an - FLAsJzN F.LASI N-

13412 27 27_ 20 20 -6 FLASHING FLASHIN -

17M 20 -= 20 _ _ _ _ - ULSHI -

177n 4 20 20 2 20-- - - - +74

17I 2 . . ..20 2 20 10 -

17876 15 17 10 10 -10 - - -_
24052 10 10 0 10 ...

24076 1 10 0 10 L24 1

- Indicates awaiting next chonge in SAD or warning status on computer or UGH for change
time compari son

HMT: Slight differences in computer depth and UDH depth are occasionally evideat, particularly
during depth travel, as a result of slight delays in manually programing computer depth to
reflect UDH depth changes.
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FIGURE E6

DECOMPRESSION DIVE PROFILE TRACKING DATA
DIVE PROFILE A. 175 FSW 60 MINUTES. DECOMPRESS TO SURFACE

290F WATER TEMPERATURE
DXVETRONIC UDM #215

UDM WARNING STATUS
UDM SAD CHANGE CHANGE TIME

ELAPSED TINE COMPARED TO COMPARED TO
DIVE COMPUTER UIO CONFUTER LON COMPUTER SAD COMPUTER UDM COMPUTER WARNING
TIME DEPTH DEPTH SAD SAD CHANGE TIME WARNING WARNING STATUS CHANGE TIME

(SICQNS. J.EdL (FW .J.ESL. (F (SECONDS) S.5IUfJLihfl (SECONDS)

492 175 25 1la 0 - - - -

Ag 17e 175 10 10 +6 - -+-

566 175 175 20 10 -...

572 175 I15 20 20 6 - -+6

656 175 175 30 23. --.

662 175 i17 .L 30 - - -A

770 17S i75 4o JD ....

778 175 175 40 40 +8 - - -

024 175 175 50 40 ..

934 17S 7 S 5 410 - -10

11 J 175 175 6, W -5....

1178 175 175 60 60 +10 - - -

1484 175 175 60 60 - FLASHING - -

149 175 175 60 60 - FLASHING FLASHING +12

1684 175 175L 70 6 - ELASHING FLASHING -

1698 175 175 70 70 +14 FLASHIN FLASHING -

2118 175 175 . 7 - ELASHINGI FLASHING -

2138 175 175 80 80 +20 FLASHING FLASHING -

3014 175 175 ,L9 80 - FLASHING FLASHING -

3024 175 17 95 20 90 +10 FLASHING FLASHING -

4236 90 90 80 90 - FLASHING.FLASHING-

4296 90 90 80 80 +60 FL.ASHING FLASHING -

5068 so 80 80 70 -FLASHING iFLASHING-

5088 1 70 70 70 -20 FLASHING FLASHING -

-- 5930 70 70 70 60 - IFLASHINIFLASING -

5942 L 65 65 60 60 -12 FLASHINGI FLASHING -

- Indicates awaiting next change in SAD or warning status on computer or UDM for change
time comparison

NOTE: Slight differences in computer depth and UDM depth are occasionally evident, particularly
during depth travel, as a result of slight delays in manually programming computer depth to
reflect UDM depth changes.
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FIGURE E6

(Continued)

UDM WARNING STATUS
UDM SAD CHANGE CHANGE TIME

ELAPSED TIME COMPARED TO COMPARED TO
DIVE COMPUTER UDH COMPUTER UDM COMPUTER SAD COMPUTER UDM COMPUTER WARNING
TIME DEPTH DEPTH SAD SAD CHANGE TIME WARNING WARNING STATUS CHANGE TIME

(SCONDS)5 (.SWIL = fV J..... LESW. (SECONDS) SIAIUS. SIAJJVi (SECONDS)

7510 61 60 60 so - FLASHING FLSHING -

7536 so 5g-.50 so -26 FLASHING FLA, SHINGi -

9202 so so so 40 - FLASHING FLASHING -

9244 41 39 40 -42 FLASHINGF LASHING -

1030 Q 4 40 30 - - FLASHING FLASHING -
10950 31 30 30 30 -20 FLASHING FLAS;HING -

13026 30 30 O0 n- FLASHING: FLASHING _
13096 21 20 20 20 -70 -- FLASHING! FLASHING-

17346 21 20 20 10 - FLASH1IGI ..LAIHING__

17414 10 10 10 IQ -_ 8 FLASHIG FLASHING -

17438 10 10 10 10 -- FLASHING -

17552 10 10 • 1 1 - - - _ 114
,,23430i 10 10 10 0

23570 0 Q 0 0 -134

- Indicates awaiting next change in SAD or warninV status on computer or UDM for change
time comparison

NMT: Slight differences in computer depth and UDM depth are occasionally evident, particularly
during depth travel, as a result of slight delays in manually programming computer depth to
reflect UDO depth changes.

E-13



FIGURE C7

DECOMPRESSION DIVE PROFILE TRACKING DATA
DIVE PROFILE A. 175 FSW 60 MINUTES, DECOMPRESS TO SURFACE

93OF WATER TEMPERATURE
DIVETRONIC UDM #889

UNIT FAILED TO PROVIDE SAD INFORMATION
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FIGURE E8

DECOMPRESSION DIVE PROFILE TRACKING DATA
DIVE PROFILE A. 175 FSW 60 MINUTES, DECOMPRESS TO SURFACE

930F WATER TEMPERATURE
DIVETRONIC UDM #864

UDM WARNING STATUS
UDM SAD CHANGE CHANGE TIME

ELAPSED TIME COMPARED TO COMPARED TO
DIVE COMPUTER UDM COMPUTER UOM COMPUTER SAD COMPUTER UDM COMPUTER WARNING
TIME DEPTH DEPTH SAD SAD CHANGE TIME WARNING WARNING STATUS CHANGE TIME

(SECONDS (FSW)L. (FSW) .. E~.(FSW (ECONDS) S.TATUSIi S.IATUSi. (SECONDS)

, 6 175 17 10 ,0 .....
564 15 15 10 10 +8---

630 175 175 20 1I 4. -

636 175 175 20 20 +8 - - -

720 175 17513 - -3g

728 175 175 30 30 t8 - - -

832 175 175 40 30 ....

842 17S 175 40 40 +10 - -

986 .175 15. 1S .15 so 4

996 175 17 J7 SO 50 +10 - - -

124 175 17S 60 - _ _0D

1242 175 175- 60 -A0- +18 ..

46 175 17S 60 60 - FLASHING -

1560 175 ll7 L 60 . - FLASHING FLASHING +14

1740 175 175 70 60 - FLASHING FLAhING -

17624 175 175 70 +24 FLAS IN. FLASHING -

21fi2 176 175 80 7 - FLASHN LSHIN -

2202 175 175 80 80 +40 FLASHING-FLASHING

3044 175 175 90 80 FLASHING FLA H- ,

3122 175 90 90 +78 FLASHING LAHNG

4822 0 90 80 - FLASHING FASIN -

4860 8 80 80 80 -38 fLASHING FLASHING -

5676 80 80 80 FL. - FLASHING FLASHING -

5714 70 70 70 _ -. 8 FLASHING FLASHING -

6850 70 70 70 60 - FLASHTG FLASHING. -

6950 60. 69 60 §O -100 FLASHING FLASHING -

- Indicates awaiting next change in SAD or warning status on computer or UDM for change
time comparison

NOTE: Slight differences in computer depth arid UDM depth are occasionall,, evident, particularly
during depth travel, as a result of slight delays in manually programming computer depth to
reflect UDM depth changes.
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FIGURE E8

(Continue)

AI UDM WARNING STATUS
UDM SAD CHANGE ICHANGE TIME

ELAPSED TIME COMPARED TO COMPARED TO
DIVE COMPUTER UDH COMPUTER UDM COMPUTER SAD COMPUTER UDM COMPUTER WARNING
TIME DEPTH DEPTH SAD SAD CHANGE TIME WARNING WARNING STATUS CHANGE TIME

(SECONDS) .EL. (FW (F E5Wfl. (FSW) (SECONS1 STTU -STATUS (SECONDS)

857B 60 60 60 So - FLASHING FLASHING

BL%- so so so 50.. -78 FLASHING FLASHINQ -

10302 50 .50 50 A, - FLASN FLASHING-

10364 40 40 40 40 -62 FLASHING FLASHING -

12028 40 40 40 30 - FLASHING FLASHING -

12070 30 30 30 -42 FLASHING FLASHING -

14620 30 30 30 20 - FLASHING FLASHING -

1463Z 2l 22 20 20 -12 FLASHI r, FLASHING -

18556 20 2Z 20 20 - - FLASHING -

18598 20 20 20 20 - - - +42

19456 20 Z 10 20 -..

]9464 20 _A0 1 l0O. - - .. - -_
26018 10 10 0 10 ..

26136 10 10 O +118 - -+11-

- Indicates awaiting next change in SAD or warning status on computer or UD4 for change
time comparison

NOT: Slight differences in computer Jepth and UOI) depth are occasionally evitient, particularly
during depth travel, as a result of slight delays in manually programming computer depth to
reflect UDM depth changes.
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FIGURE E9

DECOMPRESSION DIVE PROFILE TRACKING DATA
DIVE PROFILE A. 175 FSW 60 MINUTES. DECOMPRESS TO SURFACE

936F WATER TEMPERATURE
DIVETRONIC UDM #861

UDM WARNING STATUS
LON SAD CHANGE CHANGE TIME

ELAPSED TIME COMPARED TO COMPARED TO
DIVE CONFUTER UI COMPUTER ON COMPUTER SAD COMPUTER UDM COMPUTER WARNING
TIME DEPTH DEPTH SAD SAD CHANGE TIME WARNING WARNING STATUS CHANGE TIME

(SC=~HD (!SWI .J.E3 . -(Fm) (SECONDS) STATUSI ST.~ATUS (SECON4DS)

494 175 175 10 a -

, 49 175 175 1f 1i - - -
.-... 5L_ 175 175 20 10 ...

572 175 175 20 2 - -+4

658 15 175 30 20 ...

"9M 175 175 3o ZL - - - -4

772 175 IL5L 40 30 ...

778 175Z .]75 40 40 +6 - -

926 175 175 so 40 , -
934 175 175 so so +8

1166 .175 175 §0 so ----

1178 175 175 60 60 ÷1l2 ..

14M2 17S 175 60 6&0 - L -FLAHI
1496 175 1,75 60 60 -FLASHING FLASHING, +14.

1678 175 175 70 60 - FLASHING FLASHING -

1700 175 ,175. 70 70 +22 FLASHING FLASHING -

2110 I1T 1 8IL 0 70 - FLAStLN FLASHING -

2138 175 175 go 80 _k28 FLASHING MLASHING . -

2994 175 ,175 90 - FLASHING FLASHING -

3060 175 175 90 go- +66 FLASHING FLASHING -

4360 90 90 90 80 - FLASHING LASI , -

4378 80 o80 0 80 -18 FLAIANIGNG i -
52181 80 80 80 70 .- iFLASHING FLA6SHING, -

5232 69 69 70 70 -14 FLASHING FLASHING -

6060 1 70 70 70 60 - FLASHING FLASHING -_
j6084 L 60 60 -24 F - -

- Indicates awaiting next change in SAD or warning status on computer or UDM for change
time comparison

MATE: Slight differences in computer depth and UDM depth are occasionally evident, particularly
during depth travel, as a result of slight delays in manually programming computer depth to
reflect UDM depth changes.
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FIGURE E9

(Continued)

UDM WARNING STATUS
UDO SAD CHANGE CHANGE TIME

ELAPSED TIME COMPARED TO COMPARED TO
DIVE COMPUTER UIO COMPUTER UIO COMPUTER SAD COMPUTER UDM COMPUTER WARNING
TIME DEPTH DEPTH SAD SAD CHANGE TIME WARNING WARNING STATUS CHANGE TIME

(SECMSIi L 1.. (FS V1 (FW F (FSWI (SECONDS) ST~ATUSi ST~ATUSL (SECONDS)

7772 60 60 60 S_ - FLASHING FLASHING

7780 -. ,- LO iL -8 FLASHING FLASHING -

_442 so so 50 40 - FLASHING FLASHING_

9486 40 40 40 40 -0 FLASI FLASHING_-

11194 40 SL 30 40 - FLASHING FLASHING _

11200 40 40 30 30 +6 FLASHING FLASHING

13344 30 30 30 20 - FLASHING FLASHING _

13348 _n_ 30 2L 20 -4 FLASHING FLASHING ,._-

17680 20 20 20 20 - - FLASHING -

17756 2 0 20 iD 20 - - - +76

,,17776 20 2o 1 0..

.17796 20 20 10 10 +20 - - -

23926 10 10 0 10 - - -

239M 10 10 0 4 - -+64

- Indicates awaiting next change in SAD or warning status on computer or UDM for change
time comparison

NMTE: Slight differences in computer depth and UDL depth are occasionally evident, particularly
during depth travel, as a result of slight delays in manually programming computer depth to
reflect UON depth changes.
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FIGURE ElO

DECOMPRESSION DIVE PROFILE TRACKING DATA
DIVE PROFILE A. 175 FSW 60 MINUTES, DECOMPRESS TO SURFACE

93"F WATER TEMPERATURE
DIVETRONIC UDM #836

UDM WARNING STATUS
UON SAD CHANGE CHANGE TIME

ELAPSED TIME COMPARED TO COMPARED TO
DIVE COMPUTER liO COMPUTER UH COMPUTER SAD COMPUTER UDM COMPUTER WARNING
TIME DEPTH DEPTH SAD SAD CHANGE TIME WARNING WARNING STATUS CHANGE TIME

'SM SD 1 imE..... (S f) (. SECONDS) STTU STATUS (SECONDS)
46 175 175 10 a ...

502 175 175 10 10 +6- -

S72 175 175i 20 10 -.....

578 175 20 20D+ - - -

662 175 175 30 20 ....

668 175 175 3L 30 .- - - -

776 175 175 40 30 ..

782 175 17S_ 4 40 . - -+6

932 175 1 75L -50 40 ...
936 1 75 175 so 50 -- -

1178 75 175 so5• , ,... -

1182 175 175 fi g L . L - - . _

1488 17= 175 60 60 ,- FLASHING - -

1498 175 175' 60 60 - FLASHING FLASHING +10
1686 175 17S 70 60 - FLASHING FLASHING -

--17n .... 1 175 175 70 70 +14 FLASHING FLASHING-

2114 175 175 go 70 - FLASHNG FLASHING -

2138 175 17S 80 80 +24 FLASHING FLASHING -

3020 175 175 90 80 - FLASHING FLASHING -

3060 175 J75 90 90 +40 FLASHING FLAHIN -

4346 0 0 80 - FLASHING FLASHING -

4?,70 80 80 8 -24 FLASHING FLASHING-

J..... .iL..l, ,. 80 0 7 -4 ELASHING FLASHING -

52,24- 70 70 70 70 -16 FLASHINGI FLASHING-

6070 70 _70 70 - FLASHING FLASHING -

6078 S9 1'Q 60 :L 0 -8 FLASHIN FLASHING -

- Indicates await :ext change in SAD or warning status on computer or U0M for change
time comparison

NOTE: Slight differences in computer depth and UDM depth are occasionally evident, particularly
during depth travel, as a result of slight delays in manually progranmming computer depth to
reflect UDM depth changes.
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FIGURE ElO

(Continued)

UDM WARNING STATUS
UON SAD CHANGE CHANGE TIME

ELAPSED TIME COMPARED TO COMPARED TO
DIVE COMPUTER UDM COMPUTER UOM COMPUTER SAD COMPUTER UDM COMPUTER WARNING
TIME DEPTH DEPTH SAD SAD CHANGE TIME WARNING WARNING STATUS CHANGE TIME

7736 - FLASHING FLASHN -

7778 50 50 50 50 -42 FLASHING FLASHING -

942 so -. V0 so 40 - FLASHING FLASHING -

9486 40 40 40 40 -34 FLASHZING FLASHING -

11180 40 40 40 30 - FLASHING FLASHING -

11192 29 3,0 30 3L -1z FLAS FLASHIN -

13346 30 30 30 20 - FLSHING FLASHING -

133S2 25 26L. 20 20 -6 FLASHING FLASHING -

17678 20 _V 20 20 - - FLASHING -

17746 20 20 20 20 -+68

17792 20 20 20 10 -...

17802 is 16 10 10 -10 ,_

23936 10 0 IQ - "_ - -

23978 10 10 0 0 +42 - - -,

- Indicates awaiting next change in SAD or warning status on computer or UDM for change
time comparison

NnJi: Slight differences in computer depth and UDM depth are occasionally evident, particu'iarly
during depth travel, as a result of slight delays in manually programming computer depth to
reflect UDM depth changes.
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FIGURE ElI

DECOMPRESSION DIVE PROFILE TRACKING DATA
DIVE PROFILE A. 175 FSW 60 MINUTES, DECOMPRESS TO SURFACE

93OF WATER TEMPERATURE
DIVETRONIC UOM #795

UDM WARNING STATUS
UOG SAD CHANGE CHANGE TIME

ELAPSED TIME COMPARED TO COMPARED TO
DIVE COMPUTER LON COMPUTER LOM COMPUTER SAD COMPUTER UDM COMPUTER WARNING
TIME DEPTH DEPTH SAD SAD CHANGE TIME WARNING WARNING STATUS CHANGE TIME

(.SECONDS) £5.(1 (SECONDS) STATUSL SIAJ (SECONDS)

502 17S 17L 10 aL - ,- - _ _-

50L I75 175 10 10 +6- - -.

57§ 175 175 20 1L - - -

582 . 17 1175 20 20 +6 I - -. -

S 175 17 3 2In_ , - -.-.......

674 J7 75 30 30

778 17 1 _30 - - -

788 175 175 40 40 +10---
930 176 1'75 50 40 .- ,.--- .

2 176 12.5- 50 50 +14 -;

1166 175 175_ 60 _2_ ...

1188 J7 75 50 60 +22..--

1490 17 7 60 60 - FLAS -

1680 176 175 60 LASHING -

1712 176 175 70 -L0 +32 FLASHING -
1736 17 7 0 70 1 - FLASHING FLASHING +246

2102 176 175 i0 70 - FLASHING FLASHING -

2148 176 175 80 80 +46 ELASHING FLASHIN -

2946 176 !L7 . 0 -80FLASHING i FLASHING -

3064 176 .175 90 90 +18 FLASHING.FLASHING

4428 90 90 80 80 0 FLASHIh FLASHING-

5228 80 80 80 70 FLASHING ELASNG -

5280 70 170 70 70 -.52 FLASHIN FL.ASHING-

6106 70 70 70 60 - ELASHING FLASHING -

6154 60 60 0 -48 FLASHING FLASHING

7756 60 60 60 50 - FALASIN LASKING-

- Indicates awaiting next change in SAD or warning status on computer or UDM for change
time compari son

NOTE: Slight differences in computer depth and UDH depth are occasionally evident, particularly
during depth travel, as a result of slight delays ini manually programming computer denth to
reflect UDM depth changes.
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FIGURE Ell

(Continued)

UDM WARNING STATUS
UlN SAD CHANGE CHANGE TIME

ELAPSED TIME COMPARED TO COMPARED TO
DIVE COMPUTER UOM COMPUTER UmH COMPUTER SAD COMPUTER UDM COMPUTER WARNING
TIME DEPTH DEPTH SAD SAD CHANGE TIME WARNING WARNING STATUS CHANGE TIME

(SE•OM). (J•I £Irm ( FSW LF (S•ECN STATUS STATUS (SECONDS)

7KL so iL SO 0 -104. FLASHING FLASHING _

M .50 40 - FLASHING FLASHIN -

2506 40 40 40 40 -104 FLASHING FLASHING -

1192 40. M 40 30. - FLASHING FLASHING -

11274 20 3 30 30 -82 FLASHING FLASHING -

133 3. 30 31 20 - FLASI FLASHING

1482 202.. -86 FLASHING FLASHING -

1.77G 20 202 20 70 - FLASHING - -

17769 20 20 20 20 - - - -4

178J 20 _Z 20 10 - - - -...

17920 10 1 10 10 -78 - --
2-40!9 ]0 10 10 0..

24050 5 0, - 0 -14 --.

- Indicates awaiting next change in SAD or warning status on computer or UDH for change
time campari son

VTI: Slight differences in computer depth and UDM depth are occasionally evident, particularly
during depth travel, as a result of slight delays in manually prograuming computer depth to
reflect UDM depth changes.
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FIGURE E12

DECOMPRESSION DIVE PROFILE TRACKING DATA
DIVE PROFILE A. 175 FSW 60 MINUTES, DECOMPRESS TO SURFACE

936F WATER TEMPERATURE
DIVETRONIC UOM 0215

UDM WARNING STATUS
UOM SAO CHANGE CHANGE TIME

ELAPSED TIME COMPARED TO COMPARED TO
DIVE UCO"=lTE OM COMPUTER UOM COMPUTER SAC COMPUTER UDH COMPUTER WARNING
TIME DEPTH DEPTH SAD SAD CHANGE TIME WARNING WARNING STATUS CHANGE TIME

I(MC0 S 1 .±E I SWI L(S . (FSW (SECONDS) STATUS1J STATUS (SECONDS)
530 a7 7 o o..
532 175 ilL_ 17 1 Lo - - - -k2

604 17 5 1s 2 lO .. 1.

jog 17S _17S 20 20 +4- _ _-

694 175 175 30 20 ..

700 17s 125 - o 30 - - -+-

BOB 115 17 40 -n ....

814 175 M7 ,40 40 +6---

964 175 175 M0 40 - - - -

968 175 175 J 50 ., - -%--+4

2 175 175 60 M. - - -

1212 17 .17 0 6L +6 - - -0 +6

1520 175 175 60 - . - .

1530 1 175 -17 - FLASHING FLASHING- +10
1722 175 175 ,_70 60 - -FLASHING FLASHING -

1734 175 175 70 70 +12 FLASHING FLASHING-

215 17 175 80 70 - FLASHIN FLASHING-

2169 175S. 175 go go +14 FLASHING FLASHNG -

3072 175 175 -90 g - FLASHING ELASHING -

308U 175 175 90 9 0O +16 FLASHING ELASHING -

4326 88 go 90 go - FLASHING FLASHING -

4330 2Q4 .L0 80 -4 FLASHING ELAHING -

5172 80 JU 80 7O - FLASHIN FLASIN -

5184 70 70 70 70 -12 FLASHING FLASHING

6034 70 70 70 60 - FLASHING ELASHING -

6038 69 70 60 60 -4 !FLASHING FLASHING -

- Indicates awaiting next change in SAD or warning status on computer or UDM for change
time comparison

_N=T : Slight'differences in computer depth and UDM depth are occasionally evident, particularly
during depth travel, as a result of slight delays in manually programing computer depth to
reflect UDM depth changes.
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FIGURE E12

(Continued)

UON WARNING STATUS
UOG SAO CHANGE CHANGE TIME

ELAPSED TINE COMPARED TO COMPARED TO
DIVE CONPUTER UOM COMPUTER UM CC!TER SAD COMPUTER UDM COMPUTER WARNING
TINE DEPTH DEPTH SAD CHANS[I TIME WARNING WARNING STATUS CHANGE TIME(SECWS1(FSI I (M (FWI (ECODS1 --SATU SITUS(SECONDS)

"2 so 60 so 6 so - FLASHING F.SMHING -

7670 5L W. !. S _X_ _ -29 FLASHING FLASHING -

93i 6 so 5 A s o _40- - F.LA5TYIG FLASHING -

9376 40 40 40 40 -20 FLASHING FLASHING -

11076 40 4L J 4 IL - LAHING, FLASHING -

_11082 , 36 . V3 30 3 - FLASHIG FLASHING -

13192 30 30 20 30-FLASHING [FLASHING -

13194 30 30 20 20 +12 FLASHING iFLASHING -
17532 2Q 0 10 20 -FIAS41NGI!FLASHING -

_17ML.. 2 20 10 20 L. - .- FLA5ING -

1757 20 20 10 10 +38 - FL ING-

17964 10 j J 1 - - - +3g6

23616 1 10 L 10 -0- - _r-

23ZI0 .. . 0L +2 - -0-0 +92

- Indicates awaiting next change in SAD or warning status on computer or UDH for change
time comparison

EIi: Slight differences in computer depth and UON depth are occasionally evident, particularly
during depth travel, as a result of slight delays in manually programing computer depth to
reflect UOM depth changes.
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FIGURE E13

DECOMPRESSION DIVE PROFILE TRACKING DATA
DIVE PROFILE 8. 150 FSW 30 MINUTES, DECOMPRESS TO SURFACE

290* WATER TEMPERATURE
DIVETRONIC U0H 0889

UOM WARNING STATUS
UO SAO CHANGE CHANGE TIME

ELAPSED TINE COMPARED TO COMPARED TO
DIVE COMPUTER UDM COMPUTER UC COMPUTER SAD COMPUTER UDH COMPUTER WARNING
TINE DEPTH DEPTH SAD SAD CHANGE TIME WARNING WARNING STATUS CHANGE TIME

(SECONDS) ..LESL (FSW) ..LESL (EhW) BCSONDS) S.TATUSL STATUS (ECONDS)
AMs 150 150O 10 0 ..

60 1o150 ISO lO +4---
75 ISO 150 20 1l -.

762 ISO IS O - -20-+

Z-42 151 150 30 20 ....

ifL.... JL L.I..4
950 151 150 30 30 + - -

1276 In _ 150 40 30 ...

1288 150 ISO 4 40 t2 - - -12

1712 150 ISO SO - -'

1726 150 150 +1 5. .14 -

180 150 ISO so 50 - SHING

1820 150 Is() so so FLASHING FLASHING +12

220 50 so 40 50 -FLASHING FLASHIN ± _ -

1222 50 50 40 40. +2 FLASHING ELAJINM -

2706 40 40 30 40, - FLASHING FLASHIN -

2712 40 40 30 30 +6 FLASHING FLASHIG -

3478 30 30 30J - FLASHING F.ASHII -

3484 30 30 20 20 -6 FLASHIN FLASIING -

4860 20 -20 2 10 - FLASHING FLASHING -

48O 1 11 10 1O -20 FLASHING ELASIN -

65AfL 10 10 0 10 - EL- ING - .. _-

J588 0 J.. 10 10 o0 .,.2 FLASHING, _ -,.,

6624 W 0 - FLASHING -

- Indicates awaiting next change in SAD or warning status on computer or UDN for change
time comparison

_4=: Slight differences in computer depth and UDN depth are occasionally evident, particularly
during depth travel, as a result of slight delays in manually programming computer depth to
reflect UDM depth changes.



FIGURE E14

DECOMPRESSION DIVE FROcILE TRACKING DATA
DIVE PROFILE B. 150 FSW 30 MINUTES, DECOMPRESS TO SURFACE

290F WATER TEMPERATURE
DIVETRONIC UDM #864

I JUDM WARNING STATUS
UOM SAD CHANGE CHANGE TIME

ELAPSED TIME COMPARED TO COMPARED TO
DIVE COMPUTER LOM COMPUTER UDH COMPUTER SAD COMPUTER UDM COMPUTER WARNING
TIME DEPTH DEPTH SAD SAD CHANGz, TIME WARNING WARNING STATUS CHANGE TIME

20a ISO ISO 10 . ....
32 ISO .15L 10 10 +12 - - -

750 150 150 20 10 ....

7 5 20 20 +12- -

936 150 ' 155 L30 2 ....

952 IO 150 30 30 +16-

1268_ ]SO 159 40 30 ...

.1288 150 1. L 40 t1 - - -20

1702 150 150 50 40" - - -

1720 ISO 150 so 50_ +18---

1802 ISO 1 so 5 so5 - ,. FLASHING --

l8 5 150 - FLASHING FLASHING +16

2170 51 50 I 50 40 - FLASHING LASHING -

2176 47 47 40 40 -6 FLASHING ELASHING -

2f00 40 4 30 - FLASHING FLASHING -

_202 40 40 3 , - FLASHING FLASHING -

ZN98 30 30 30 20 - FLASHING FLASHING -

3,3Q2 29 29 20 20 -4 FLAMtN FLASHING -

4576 20 20 10 - FLASHING FLASHING -

4616 10 ]0 _10- 10 -40 -ELASHIN FLASHING-

6302 10 10 10 0. FLASHING FLASHING ...-

6306 10 10 10 0 " - FLASHING - -

6324 a Q 10 0 - FLASHING - -

6338 0 0 0 0 -36 !FLASHNG -

- Indicates awaiting next change in SAD or warning status on computer or UOM for change
time comparison

NOTE: Slight differences in computer depth and UDM depth are occasionally evident, particularly
during depth travel, as a result of slight delays in manually programming computer depth to
reflect UOM depth changes.
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FIGURE E15

DECOMPRESSION DIVE PROFILE TRACKING DATA
DIVE PROFILE B. 150 FSW 30 MINUTES, DECOMPRESS TO SURFACE

296F WATER TEMPERATURE
OIVETRONIC UDM #861

UOM WARNING STATUS
UCH SAD CHANGE CHANGE TIME

ELAPSED TIME COMPARED TO COMPARED TO
DIVE COMPUTER UDM COMPUTER UDM COMPUTER SAD COMPUTER UDM COMPUTER WARNING
TIME DEPTH DEPTH SAD SAD CHANGE TIME WARNING WARNING STATUS CHANGE TIME

(SECONDS) ..LES . (FSW) (FSW J=~ (SECONDS) STIATUSi STATUSj (SECONDS)

64 ISO 150 1 . . - - - -

,654. ISO ISO 10 10 +8---

776 IS0 1O0 20 10 ...

786 150 ISO 20 2L - - -

964 ISO ISO 30 20 ....

978 150 15 30 30 +14---

1298 15 S1o 40 30 ...

...1304 ISO 150 40 40 +6--
1i"1 150 19 _ 40 30 -...

1320 ISO 150 AL, 40 O - -+10

1730 ISO 150 so 40 ..

1752 ISO LW0 so 50 +22

1828 ISO 150 50 50 -AF..SHING - -

1932 150 isa so so FLASHING FLASHING 04

2196 40. - FLASHING FLASHING -

2198 50 5 40 40 +2 FLASHING FLASHING ...-

.. 2624 40 40 30 40 - FLASHING FLASHING ..... .-. .....

40 40 30 30 +14 FLASHING LASHING -

330Q 30 30 30 20 - FLASHING ASHING -

3330 30 30 20 20 -30 FLASHING BLASIN _

4662 20 10 20 - F,&$HING FLASHING

4672 2 20 10 10 10l .& i FALA.ItN _

3 10 10 0 10 - FL-ASHN FLASHF NG

6380 10 10 0 0 +12 MOMSIN FLASHING,-

6410 0 0 0 0 -EASING FLASHIN -I

- Indicates awaiting next change in SAD or warning statua on computer or UDM for change
time comparison

IT E: Slight differences in computer depth and UDM depth are occasionally evident, particularly
during depth travel, as a result of slight delays in man,;ally programming computer depth to
reflect UDM depth changes.
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FIGURE E16

DECOMPRESSION DIVE PROFILE TRACKING DATA
DIVE PROFILE B. 150 FSW 30 MINUTES, DECOMPRESS TO SURFACE

290F WATER TEMPERATURE
DIVETRONIC UDM #836

UD#4 WARNING STATUS I
UDM SAD CHANGE CHANGE TIME i

ELAPSED TIME COMPARED TO COMPARED TO
DIVE COMPUTER UDM COMPUTER UDM COMPUTER SAD COMPUTER UDM COMPUTER WARNING
TIME DEPTH DEPTH SAD SAD CHANGE TIME WARNING WARNING STATUS CHANGE TIME

1524 ISO ISO 10 0 -...

630 15 . 150 10 _ +6 - -+-

754 150 ISO 20 10 - - - ., ,-

764 150 150 20 20 +10- -

942 150 I1L 30 20 -...

952 1SO I15 3L 10 -, - - -_ _

1290 150 15 0 30 ...

1292 15 1_ 40 40 +2-

1710 400.. 1--- 4

1728 I15 ISO so so +18 -.

1806 150 150 S L - FLASHING

1824 150 150- so so F HA -INGFLASHING +18

2204 so so 40 50 - FLASHING FLASHING -

2206 5 o 40 . - FLASHING FLASHING -

262 An. AL A Q - -ELT-E~2628 40 40 40 30 - FLSUMG FLASHtI•G _...._-

23 .40. 40 3 30 -4 FLASHINGI FLSHING, -

23§4 30_ 30 20 -3.. - .LASHING FLASHN .--..

Q3380 _U 30 ._2& _ 20 +16 F LAASHING FEASHLI -

i460 0 20 20, 1-L - FLASHINGI ELASHING -

.47..A 6 j_ . .. _ . 10 -36 FISIJ FLASHING -'

_6228 IQ. . 10 1 0 - FLASH=I FLASHING-

_,_4A10 10 __D -- 'O FL-HIN- -. ,-. .
_422 1_ 0 -24 FL-SHIN - -

i4L6 i I0 0 0ELASHI - - _

-I indicates awaiting next change in SAD or warning status on computer or UDM for change
time comparison

NM.[: Slight differences in computer depth and UDM depth are occasionally evidsnt, particularly
during depth travel, as a result of slight delays in .nanually programing com puter dopth to
reflect UDM depth changes.
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FIGURE E17

DECOMPRESSION DIVE PROFILE TRACKING DATA
DIVE PROFILE B. 150 FSW 30 MINUTES, DECOMPRESS TO SURFACE

29*F WATER TEMPERATURE
DIVETRONIC UDM #795

! VON WARNING STATUS
UDM SAD CHANGE CHANGE TIME

ELAPSED TIME COMPARED TO COMPARED TO
DIVE COMPUTER UGH COMPUTER UON COMPUTER SAD COMPUTER UDN COMPUTER WARNING
TIME DEPTH DEPTH SAD SAD CHANGE TIME WARNING WARNING STATUS CHANGE TIME

(S=DSl) .. JL.E -L (FSW () (FSW~) (SECONDS) STTU TAU (SECONDS)

§36 150 1 10 0 - - - -.

644 15L0 15 10 10 +8 - - -

766 1I5 15O 20X 10..

778 150 0 20 20 . 2 - - -,

954 50 150, 30 20 ..
974 150 15 30 + - - -

1292 I-SO ISO 40 40 0 - -

-1724 10 10 5 A _ _ _ _ - -a .

1742 150 J15 50 50 +1-

1818 1-0 ISO so so - FLASHN --

1836 150 1 so J 0 5. . - FLASHING FLASHING +18

2180 so 0 0-a- - FLING FLASHING -

2182 50 50 40 40 -2 ELASHING FLASHINGI -

2608 40 40 30 30 0 ELASHING FLASHING -

3296 30 X 30 20 - FLASHING FLASHI.N -

3302 30 30 20 20 -6 FLASHING FLASHING -

4588 20 20 20 _n_. - EL FLASHING -

4616 20 __20 I 10 -28 FLASHING FLASHING -

6302 10 1L _j. 0. - FLASHNG -

6322 1 0 10 0 -20 FLASH FLASH|IN -

6328 9 10 L . -0 LASHING -- ,

6366 0 0 0 0 FLASHING

-"Indicates awaiting next change in SAD or warning status on1 computer or UDM for change
time comparison

HMT: Slight differences in computer depth and UDM depth ate occasionally evident, particularly
during depth tr&vel, as a result of slight delays in manually programming computer depth to
reflect UDM depth changes.
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FIGURE E18

DECOMPRESSION DIVE PROFILE TRACKING DATA
DIVE PROFILE B. 150 FSW 30 MINUTES, DECOMPRESS TO SURFACE

29OF WATER TEMPEPATURE
DIVETROIC UDM V2 15

IO D UD WARNING STATUS
UDM SAD CHANGE CHANGE TIME

ELAPSED 7IME COMPAREC TO COMPARED TO
DIVE COMPUTER UIM COMPUTER ULN COMPUTER SAD COMPUTER UDH COMPUTER WAX'4ING
TINE DEPTH DEPTH SAD SAD CHANGE TI14E WARNING WARNING STATUS CHANGE TIME{SECONS) (FSW IM (FSW) !FSW (SECONDS1 STATUS -IT-ATUS (SECONDS)

630 15 1 D - - -

634 ISO ISO 1 1 +4 -1

762 1 20 10 - - -

70a 150 15L 20 2 _ _ - - -_ _952 ISO 1M 30 20 -...

954 ISO 15O 30 30 +2•

1298 L IS ISO 30 40

1300 1• 159 40 40-

1724 150 1ISO 5 40

1732 ISO 15 o so +a

1814 150 10 5 . . ..o FLASHING - -

1826 150 ISO 50 50 .. ..- .. FLASHING FLASHING! +12

1974 50 50 40 40 L.FLASHING FLASHING1 -

2400 40 40 30 40---.. -LAHN FLASHING -
..a - 4 40 3 30 +2 FLASHING FLASHINL_ _-

2926 29 30 30 2F LASHING FLASHING _

2934 25 25 20 20 W-8 FLASHING ELASHING -

g404 20 20 20 10 - FLASHING FLASHING -

4058 12 11 10 -1 -16 FLASHING IFLASHING -

5764 10 10 0 10 - FLASHING FLASHING-
I I L ~ ~ J 1 ~EA

5768 9 +2 I 0 S J ± L 2FLAHING FLASHING-

- Indicates awaitiny next change in !'AD or warning status on computer or UDM for change
time compari son

MTQ: Slight differences in computar depth and UDM depth are occasionally evident, particularly
during depth travel, as a result of slight delays in manually programming computer depth to
refiect UOH depth changes.
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APPENDIX F

REPETITIVE DECONPRESSION DIVE PROFILE TRACKING DATA

UBM dive profiles are charted as compared to HP 1000 computer
programing. One dive profile is conducted on each UDM at 290F water
temperature on the following schedule:

a. 150 FSW 30 Minutes
1 Hour Surface Interval
150 FSW 30 Minutes

KEY:

Figure Fl: Divetronic UDH 889
Figure F2: Divetronic UDM 864
Figure F3: Divetronic UDM 861
Figure F4: Divetronic UDM 836
Figure F5: Divetronic UDM 795
Figure F6: Divetronic UDM 215
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FIGURE Fl

REPETITIVE DECOMPRESSION DIVE PROFILE TRACKING DATA
29'F WATER TEMPERATURE

DIVETRONIC UDM #889

UDM WARNING STATUS
1DM SAD CHANGE CHANGE TIME

TIME COMPARED TO COMPARED TO
COMPUTER UO3 COMPUTER UDM COMPUTER SAD COMPUTER UDM COMPUTER WARNING

TIME DEPTH DEPTH SAD SAD CHANGE TIME WARNING WARNING STATUS CHANGE TIME
(SCONDS).I. (FW FSW) (.E5' (SECONDS) SJTAIUS SITATUS (SECONDS)

,.626 1SO IS 10 a - .

634 1 I1o 10 10 +8 - -

,758 5 10 2 10 ...

.,766 IO 1 20 20 +8 - -

946 ISO15 30 20..9SI 15 15L 20 30 +1 - --

12L2 1IS ILO 40 30 -...

129S 1JL 40 40 +14 - - -

1708 ISO 1j50 so 40 ...

1730 150 I5O so 5 5 +22 - - -

1flL 150, IS O0 - FLASHING - -

1824 15Q 150 50 JL - FLASHING FLASHING +18

2186..0 50 . . 4. - FLASHINIa FLASHING -

2202 41 2 40 -16 FLASHING FLASHING

2616 40 40 4L 30 - FLASHING! FLASHING -

2628 32 32 30 L. -12 FLASHING -FLA

3306 30 30_ 30 20 - FLASHING FLASHNG -

3336 20 22 20 20 -30 FLASHING FLASHING -

4626 20 20 20 10 - FLASHING FLASHING -

4658 10 10 10 10 -32 FLASHING FLASHING -

6338 10 10 10 0 - FLASHING ELASHI-

-.6368 2 0 0 0 -30 FLASHING FLASHING -

6394 0 L 0 - FLASHING - -

10396 ISO ISO 10 0 - FLASHING - -

10402 1SO I5S 10 10 +6 FLASHING - -

10452 I5O 150 1 10 - FLASHING! FLASHING -4058

10752 150 15L 20 !0 - FLASHING FLASHING
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FIGURE FI

(Continued)

UDM WARNING STATUS
UDM SAD CHANGE CHANGE TIME

TIME COMPARED TO COMPARED TO
COMPUTER UDH COMPUTER UDN COMPUTER SAD COMPUTER UDM COMPUTER WARNING

TIME DEPTH DEPTH SAD SAD CHANGE TIME WARNING WARNING STATUS CHANGE TIME
fSECONDS)L~L.. LFWm J~ (FSW (SECONDS) STTU ,IAI (SECONDS)

10764 150 150 20 20 +12 FLASHING FLASHING -

1104 150 150 30 20 - FLASHING. LASHING

11099 150 150 30 -14 FLASHING FLASHING -

11422 ISO ISO 40 30 - FLASHINGILASHNG___
..11442 ISO ISO 4 40 +20 FLASHING FLASHINGI

11846 15 IL i 4 4 - FLASHING FLASHING _

11868 15 IS 1 Q -o +22 FALAHIN F HIN A_ _ _ _

12564 so so IL 4Q - FLASHING FLASHING

12592 40 40 40 40 -28 FLASHING FLASHING -

13956 43 K_ 40 30 - FLAMMIN FLASHING-

14016 3 30 30 30 "-60 FLASHING! FLASHING-

15684 -30 30 20 - FLASHING FLASHING _

15722 20 20 20 20 -38 FLASHING FLASHING

1740a 20 20 20 10 - FLASHING FLASHING

1743 0 10 10 J . -22 FLASHING FLASHING-

20502 .. 0 10 - - FLASHING -

20518 10 10 10 - - -

20736 10 m0 1a 0..

20864 0 0 0 -128 - - _ ....
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FIGURE F2

REFETITIVE DECOMPRESSION DIVE PROFILE TRACKING DATA
290F WATER TEMPERATURE

DIVETRONIC UDM #864

UDM WARNING STATUS
UDN SAD CHANGE CHANGE TIME

TIME COMPARED TO COMPARED TO
COMPUTER UDN COMPUTER UDN COMPUTER SAD COMPUTER UDM COMPUTER WARNING

TIME DEPTH DEPTH SAD SAD CHANGE TIME WARNING WARNING STATUS CHANGE TIME
(ECONDS1 (FSW)~L (FSWI 11.d (FSW) (SECONDS) TIAfl1 iThflS (SECONDS)

632 5 150 1 L - -10-0

638 150 150 10 1 - -A

ISO 1f 5 20 10.. -.

770 1 SO. ..1.0 .1 20 20 +6 - - -

952 ISO 150 30 20 - .- _ - -

960 1L50 I5 30 I0 - - -

1294 150 10 40 30 ..

1302_ 150 1JSL 40 40 +8 - -

1724 1IS 1 5 4 -I - -40

1736 1 15L 50 .5IO 1o12 - - -

1816 15 150 St 50 - FLASHING - _ -

150 5 -0FLASHING FLASHING +20

2" SO .5 4 - FLASHING FLASHING -

2188 so so 40 40 -4 F I•H FLASHING A -

2614 40 40 30 30 0 FLASHIN FLASHING_ -

33_IQ_ 3 30 20 - FL•IGFLASHINGi -

33 30 ZQ ZL -1A ELASHING -

4 20 20 RL 10 - FLASHING FLAS ING -

463§ 20 20 10 10 -32 FLASHING FLASHING -

6342 10 10 0 10 - FLASHING FLASHING -

fi35g 10 10 Q 0 +8 LAsHmN. BN_ -

73,74 a 0 0 0 - IFLASHING: -

10226 1O 150 10 0 - FLASHING -

..10304 I 15 10 +8 FLASHING - ._._
10650 ISO 150 20 _ 0- • FLASHING - I ..

]Q.i ISO 150 20 2 ! +6 IFLASHING -- -

106.62 10 20 -__ 0LSHI -3288
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FIGURE F2

(Continued)

UDM WARNING STATUS
UDM SAD CHANGE CHANGE TIME

TIME COMPARED TO COMPARED TO
COMPUTER UON COMPUTER UOM COMPUTER SAD COMPUTER UDM COMPUTER WARNING

TIME DEPTH DEPTH SAD SAD CHANGE TIME WARNING WARNING STATUS CHANGE TIME

1097 1S 150 30 - FLASHING LSHING
Iowa- 150 150 30 _X0 +12- FLASHING FLASHING

11312 ISO 40 30 - FLASHING FLASHING-

, W11336 150 150 40., 40 +24 , FLASHING FLASHING

11738 ISO 1%0 SO 40 - FLASHING FLASHING -

11756 1L5 150 5 so +1i FLASHING, FLASHING -

1295m 50 50 40 50 - -FLASHING FLASHI -

12962 SO 5M 40 40A- -6 -FLASHIN IN -

14582 40 40 40 30 - ELASHING BLASHING

14612 40 40 30 30 AO FLASHING FIASHING

16304 .30 3, 30 20 - FLASHING FLASHING

16318 30 30 20 20 -14 - ELASHINGI FLASHING -

18024 20 2L - FLASHING ELASHING-
18026 20 20 10 10 FLASHING

21098 .10 10 10 .10 - , - FLASHING

21348 10 10 10 1 - - - +2S_

21890 10 10 10 0...

21896 10 JL0 0 0I -6 -0_ .- -,
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FIGURE F3

REPETITIVE DECOMPRESSION DIVE PROFILE TRACKING DATA
29F WATER TEMPERATURE

DIVETRONIC UDN #861
UDM WARNING STATUS

UODN SAD CriANGE CHANGE TIME
TIME COMPARED TO COMPARED TO

CONPJTER N COMWER ON COM ER SAD COMPUTER UDM COMPUTER WARNING
TIl'E DEPTH DEPTH SAD SAD CHANGE TIME WARNING WARNING STATUS CHANGE TIME

C ) 1 (FSWI .J . () (SECONDS) STATUS STATUS (SECONDS)

I ISO 10 a , -

J2L 1JIL 1MO 10 I0 .6 - - -+_

750 I5 1w5IS 20 in ...

70 ,150 1 -w 20 20 +10-

936 ISO ISO 30 20 .... ,-

ISO ISO - -

1274 1ii .5L 40 30 -...

129U 150 1 40 40 16 ....
1712 10 1 40 ....

1728 10 1IS s o - -+1-

1is" 14 m4 "0 so - FLASHING -

1824 126 l 129. J - - FLASHINGF LASHING +20
1920 so so 40 so - FLASHING FLASHING-

19l. 40 40 40 40 +.30 FLASHING FLASHING -

2346 40 -40 33 40 - FL,'ISHNG FLASHIN -

2360 L. 40 30 30 t14 FLASHING FLASHING -

2824 30 3L 30 20 - FLASHING FLASHING -

.Z84_ 20 2ML 0 20 -22 FLASHING FLASHING -

3228 20 2 C 2 10 - FLASHING FLASHING -

3944 11 IL 10 -16 FLASHINGIFL6SHNG -

5636 10 .10 .10 0 - FLASHING FLASHINGI -

5.66a{ 0 0 0 -26 FLASHIN FLASHING -

S5670 0 0 0 0 -_ _ FASHING-

_ 9464 .I150 150 ,, 2_. .- FLASIN - -50 10 0

9R47 150 ISO 10 I L_ +6 FLASHING --

1474 .10 1SO - Q 10 ,- 0FLA.SHI NG FLASHING_ -384Q

150 150 0 10 FLASHING - _
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FIGURE Fr

(Continuod)
UDM WARNING STATUS

UDM SAD CHANGE CHANGE TIME
TIME COMPARED TO COMPARED TO

COM-TER IJM COMPUTER UDM COMPUTER SAD COMPUTER UDB COMPUTER WARNING
TIME DEPTH DEPTH SAO SAD CHANGE TIME WARNING WARNING STATUS CHANGE TIME

(SECONDS LES1.. (.ESK1 .FSW) (F (SECONDS) SAUJSAU SCNS
9828 A5 15IO" 0_. LASHING FLASHING-

10160 150 15a_ 30 0 - ,, FLASHING FLASHING-

10174 150 150 30 30 +14 FLASHING FLASHING
lS lo1 40 30 ..-

10516 150 150 40 40 . 20 ,ASHING FLASHING -

10874 1L 150 so 40 - FLASHING FLASHING -

lam9 1S0 ISO so so +16 FLASHING FLASING -

11836 so 5m0 so 40 .- FLASHING FLASHING -

11856 40 40 40 40 L-20 FLASHING FLASHI -

1.3198 40 . L40 30 - _ FI.,^IN FLASHING .,

132!" 30 30 -46 FLASHING FLASHING -

190 30 30 30 20 - FL.ASHI NG FLASHING-

14950 21 _a_ 20 _n_ _-30 FELASHING FLASHING-

16m4 20 20 :0_ 0. FLASH ING FLASHING-

16F_56 1,4 12 10 10 ,-14 FLASHING FLASHING-

19730 10 10 10 10 .- - FLASHING

19750 10 10 IQ 10 . . -+20

1929 10 110 10 . ---

20010 a 0 0 to _-182 J I
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FIGURE F4

REPETITIVE DECOMPRESSION DIVE PROrILE TRACKING DATA
29°F WATER TEMPERATURE

DIVETRONIC UOM #836

UDM WARNING STATUS
UOH SAD CHANGE CHANGE TIME

TIME COMPARED TO COMPARED TO
COMPUTER UOM COMPUTER UDM COMPUTER SAD COMPUTER UDM COMPUTER WARNING

TIM DEPTH DEPTH SAD SAD CHANGE TIME WARNING WARNING STATUS CHANGE TIME
(SECODS. (FSW) (FSW). (FSIE~ LFlW (SECONDS) STATUS STATUSj (SECONDS)

-- 2Gzf 150 ISO in 0 ...
9 10 10 - - -

756 1 15 2] 10 - - -

764 1 - 'M 20 20 +8 - -

usL ISO I.SO 30 20 - - - -

94 150 L 30 30 +8 - -

120 I1 ISO 40 3 - .- -

12i 1 5 4 4 .1 - -150-40+

1718 150 150 50 40 -

1730 ,_ 30-0 150 ISO S 2 +12

1i80 IS O L 50 0 - FLASHING - -

124 O 150 0 -10 FLASHING FLASHING +16

?18224 i0 - FLAING LASHING -

186 50 40 ,+4 -L2SHN FFLASHING -

2106 40 40 40 30 - FLASIG FLASHING

2608 40 n40 30 -2 FLASHING FLASHING
3308 30 30 30. 20 - FLASHING, FLASHING -

3318 2 20 20 -10 FLASHING FLASHING

4636 20 20 20 10 - FASHING FLASHING

44 20 20 10 10 -28 FLASHING FLASHING -

6360 IQ !0 ._1.0 10 - FLASHING -
§362 10 10 10 0 - ,FLASHING -

6370 7 6 0, 0 E- LASHING -

10288 ISO 150 IQ 0 - FAHN

10290 ISO ISO 10 10 +2 FLASHANG --

01 ISO 150 10 10 , - LASHING ELASHING -3950
102 ISO 150 20- 10 -,. LASHING FLASHING
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FIGURE F4

(Continued)

UOM WARNING STATUS
UOM SAO CHANGE CHANGE TIME

TIME COMPARED TO COMPARED TO
COMPUTER UOM COMPUTER LN COMPUTER SAD COMPUTER UOM COMPUTER WARNING

TINE DEPTH DEPTH SAO SAD CHANGE TIME WARNING WARNING STATUS CHANGE TIME
(SECONDS ...LEWL (FSWI (FSWL. (FSW (SECONDS) STATUSL -STIATUS. (SECONDS)T

1o&50 ISO I.S 20 20 +. F.LASUING .L.SHIM_ -

.. 10274 ISO -12 30 20 - FLASHItN FLASHING
10996 155 ,ISO,, 30 -a- ÷12 fLASHING FLASHING

1 _ A ISO 40 30 - -FLASHNG FLASHING

11330 ISO 150 40 40 +24 FLASHING FLASHING -

11732 150 150 so 40 -_ F__ASHNL FLASHING -

11758 1IS 15 so SO +26 BLASHING FLASHIhG -.

12460 50 40 SO - FLAING FLA-SHIN

12470 S0 40 40 +10 F.ASH NGFLASHING -

13824 40 40 40 30 - FLASHING FLASHING -

1378 30 3L 30 30 -4 FLASHING1 FLASHING -

15548 3Q 30 30 2I0- FLA DFASHING -

1is 20 20L 2a 20 -31 FLASHING F.ASHING -

17276 20 2 20 10 - FLASHNG LASHING -

.17292 12 J& 10 10 .-1 FLASH-NGLELASHIN-

20364 10 10 10 10 FLASHING -

20410 10 10 10 10 - - - _

2Q616 _10 10Q 10 0 ...

20678 0 a 0 O -62 - - -
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FIGURE F5

REPETITIVE DECOMPRESSION DIVE PROFILE TRACKING DATA
29*F WATER TEMPERATURE

DIVETRONIC UDM #795

UDH WARNING STATUS
UDN SAD CHANGE CHANGE TIME

TIME COMPARED TO COMPARED TO
COMPUTER UGH COMPUTER UGH COMPUTER SAD COMPUTER UDH COMPUTER WARNING

TIME DEPTH DEPTH SAD SAD CHANGE TIME WARNING WARNING; STATUS CHANGE TIME

620 Iso ISO IQ 0 ..
632 ISO 150 1 1 - - -_ _ _

750 1IO ISO 20 10 -...

7" 1 JiL 2 20 - _ _ - - -14

N4o 15 5 0 0..

958 14 15L AD 3. - - - -
1292 150 1 '0 30 ...

1296 1 JiL L 4o ,i - -40

17f14 1iL 150 . 0 40 ._ - - -A

1728 1SO ISO :L 5o , ,- - -

1804 -so s5o 0 0..... - FLASHING -+-

1822 ISO IS ,O so- FLASHINGL FLASHING; "!18

2146 50 50 40 40 0 FLASHING FLASHING -

2566A 40 40 40 - FLASHING FLA2SHING -

2572 40 _ 40 L30 3- .-6 FLASHING FLASHING -

3216 30 30-I 30 20 - FLASHING FLASHING -

3242 30 30 20 20 -16 FLASHING FLASHIN -

.- 447 20 20 20 10 - LASHING LU -

4516 Z0 20 0 Lo I -40 FLAS LASHING -

§196 10 10 10 a - OFASHINr FLASHING -

6200a 1J 10 10 0 - FLASH'NG -

6222 10 10 0 0 -26 FLASHING - -

9g98 94 96 0 0 - FLASHING FLASHING -3798

10156 150 1IS 10 0 - FLASHING FLASHING -

10162 15.15 10 10 +6 FLASHING FLASHING -

10512 ISO 1M 20 10 - FJJSHINGFLASHING -

10522 150 20 20 +10 FLASHING FLASHING -
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FIGUPE F5

(Continued)

UDM WARNING STATUS
UDM SAD CHANGE CHANGE TIME

TIME COMPARED TO COMPARED TO
COMPUTER UOH COMPUTER UDM COMPUTER SAD COMPUTER UDM COMPUTER WARNING

TIME DEPTH DEPTH SAD SAD CHANGE TIME WARNING WARNING STATUS CHANGE TIME
(SEC~tDNDS (FJ.EW. (EIW. (FLW (FSWI (SECONDS) STATUSjj STATUS5.. (SECONDS)

10850 13C 150 30 20 - FLASHING FLASHI_ _

10856 150 1a_ 30 30 +6 ELASHIiNG FLASHING_ -

11196 15m ISO 40 30 - FLASHING FLASHING _

11200 ISO 150 A 40 A.O 4 FLASHING FLASHING

11614 150 15X_ 50 40. - FLASHING FLASHING

11620 150 ISO so so +6 FLASHING FLASHING

12178 50 5L 40 50 - FLAHIt FLASHING

12180 50 5 0 40 +2 FLASHING FLASHING ,,-

13474_ _ 40 - - FLASHING FLASHING

13482 40 40 _30 30 -8 FLASHING FLASHING

5182 20 - ELASHING FLASHING -

15188 30 30 20 20 -6 FLASHING FLASHING -

16896 20 20 10 20 - FLASHING FLASHING -

16908 20 20 10 IQ +12- FLASHING FI.ASHI NG -

199a8 10 1i0 i 10 - _ - FLASHING -

2022 10 10 0 10 - - - +54
20026 IQ _10 0 0 +58 - - -

I

Ii

I
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FIGURE F6

REPETITIVE DECOMPRESSION DIVE PROFILE TRACKING DATA
296F WATER TEMPERATURE

DIVETRONIC UDM #215

UOM WARNING STATUS
UOM SAD CHANGE CHANGE TIME

TIME COMPARED TO COMPARED TO
COMPUTER UOM COMPUTER UOM COMPUTER SAD COMPUTER UDM COMPUTER WARNING

TIME DEPTH DEPTH SAD SAD CHANGE TIME WARNING WARNING STATUS CHANGE TIME
(SECONDS) J.ESL. (FSW) (FSW)L (FSW) (SECONDS) STATUSi STATUSi (SECONDS)

626 m1 10 ,, 0L - - - -

.. 636 150 150 10 10 t10 - -+10

7SS 150 150 20 10 ...

.7f• ISO J50 20 20 ' - -+1

944 l1 . 150 30 .0 ....

956 I 50 30 30 12 - -

1282 150 150 40 30 ..

1300 .SO 15L Ao 40 - - -+18

1710 .15 iL 5 401...... - - - -

1732 150 I5 __SO5 +22 - -+22

06 1o i1L so , - FLASHING -,

-IN - 150 50 - - - FLASHING FLASHING t60

2198 so so so 40 - FLASHING FLASHING -

L. 45 46 40 . 40 L-8 FLASING FLASHING -

2.,32 4& -AL 30 40 - FLASHING FLASHING -

243 A 40 40 30 30 +-6 FLASHING FLASHING -

3354_ 30 30 30 20 - FLASHING FLASHING -

33Z0 21 30 20 .2 -16 FLASHING FLASHING -

. 46Z6 20 20 20 1 - FLASHING FLASHING -

4724 10 IQ 10 10.. -48 FLASHING FLASHING -

642 10 10 0 10 -FLASHING FLASHINGz . ,-

I- 430 .. 10 10 0 10 - FLASHING - -

6432 1,0. 10 0 0 +4 FLASHING --

10224 ISO 150 10 0 - FLASHING1 - -

19302 ISO ISO 10 10 +8 FLASHING. - -

10306 ISO 150 10 1. - FLASHING FLASHING -3876

10648 i.150 150 20 10 -. FLASHINGFLASHING -

F-12



FIGURE 76
(Conti nued)

( UDM WARNING STATUS
ULMn SAD CHANGE CHANGE TIME

TIME COMPARED TO COMPARED TO
COMPUTER UDM COMPUTER UrM COMPUTER SAD COMPUTER UDM COMPUTER WARNING

TIME DEPTH DEPTH SAO SAD C4ANGE TIME WARNING WARNING STATUS CHANGE TIME
(SECOND LES1 £ESL LEN) (SECODS) STATUS STAT _ EONOS)

10662 ISO ISO 20 20 "4 FLASHING FLASHING, -

10986 15 £ 30 20 - FLASHING FLAHIN -

11000 15L 150 30 30 +14 AHI LASHING -

] Z318 .I. 50 150 40 30 - FLASHINGELAlS-ING -

., 11344 ISO Ise 40 40 .iFLA+26HING FLASHING ...- -

.- F.LASHING FLASHING -

11774 ISO 150 so so +28 FLAS-4ING, FLASHING -

S50.~ 50_. , 0 . .40- FLASHING FLAE HG -

12546 40 40 40 4 -34 F LASHINGFASIN-

13934 39 40 40 _.-U iSHN FLASHING -

13,924 30 30 30 30 -60 I.,•IGFLASHIIMG-

15652 30 30 30 _2 - ELASHIN FLASHING -

15700 2Q .. 20 20 2C. -48 LASHING FLASHING -

17378i 20, 21 20 in- FLASHIKL FLI.SNG -

]Z406 9 10 10 ]0 . . 2 LSIGFAH~G.

2047B 10 10 _10 10 -- FLASHING'
2066f 1in 10 10 - -+18_

20736 10 10 0 10 .. .
20742 10 J L 0 - - - -
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APPENDIX C

WARNTING STATUS TEST DATA

U1DM safe ascent depth (SAD) information is verified for accuracy by
conducting the folloving schedule at 297F water temperature:

a. 150 FSW 60 minutes
Decompress to 30 FSW Verify that UDM SAD secures flashing and

HP 1000 computer warning status secures,
then increase depth until UDM SAD resumes
flashing. Do not exceed depth of 150
FSW. Hold depth until computer and UDM
varning status is initiated. Surface,
skipping all decompression stops.
Confirm UDM out of range light
activation. Monitor 1UDM ascent time, and

-compare to computer "Total Time to
Surface (TTS)."

KIY:

Figure Gl : Divetronic UDM 889
Figure C2 : Divetronic UDM 864
Figure G3 : Divetronic UDM 861
Figure G4 : Divetronic UDM 836
Figure G5 : Divetronic NDM 795
Figure G6 : Divetronic UDM 215
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FIGURE G1

WARNING STATUS TEST DATA
296F WATER TEMPERATURE

DIVETRONIC UDM #885

UDM WARNING STATUS
UDM SAD CHANGE CHANGE TIME

TIME COMPARED TO COMPARED TO
COMPUTER UON COMPUTER UDM COMPUTER SAD COMPUTER UDM COMPUTER WARNING

TIME DEPTH DEPTH SAD SAD CHANGE TIME WARNING WARNING STATUS CHANGE TIME

644 ISO 150 10 a ...

s 10 15 l - - -+-

774 ISO Jm- 2L 10 ....

782 150 iSO 20 20 - - - -_

962 150 150 30 20 ...

92 1 15 3 30 +10 - -

1304 1 _0 150 40 30 ....

1318 150 150 iL 4L 1 - - -14

1734 1 0L . . ..LO IO so

1750 ISO ISO so so +-1 6-

18J2 I1S 1lL so 50 - FLASHING - -

1842 ISO 150 So soL FLASHING FLASHING +16

2324 159 -15 60 50W- FLASHING FLASHING -

2340 10 10 6 6 +16 LASHIN FASHNG -

3374 150 1150 70 0 - FLASHING FLASHING -

3394 I5O 10I 70 70 +20 FLASHING FLASHING -

41S2 7 70 70 60 FL- EASHING FLASHING -

4154 70 70 60 60 -2 FLASHING FLASHING -

5008 60 60 50 60 - FLASHING FLASHING -

5010 60 60 so so +2 FLASHING FLASHING -

6600 50 W_ 50 40 - FLASHING' FLASHING -

6608 44 44 40 40 -8 FLASHING FLASHING -

8306 40 40 40 30 - FLASHIN FLASHING -

8316 32 __U3_ 30 30 -10 FLASHING FLASHING -

10022 3L 30 20 30 - FLASHING FLASHING -

10030 30 30 20 20 +8 FLASHING FLASHING -

12094 30 30 10 1 20 - IFLASHINGFLAHING -

G-2
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FIGURE GI

(Continued)

UDM WARNING STATUS
UOM SAD CHANGE CHANGE TIME

TIME COMPARED TO COMPARED TO
COMPUTER LON COMPUTER UDN COMPUTER SAD COMPUTER UDH COMPUTER WARNING

TIME DEPTH DEPTH SAO SAD CHANGE TIME WARNING WARNING STATUS CHANGE TIME
(.SECONDS (4LEV..jfk) (SW (SECONDS) .SI6IJUi STATIUS (SECONDS)

120§ i....n. 3 30 10 10 +2 FLASHING FLASHING -

15548 30 'v1 - - FLASHING -

156,30 30 -A- 10 10 +82-I•

IL mm IS IS-0- 11Jh23D 150 150 20 10 - - -, -_

16242 150 150 20 2 +12 - - -

1s518 150 150 30 20 ...

16526 1 1 30 20 - - - -8

16774 1 ISO 30 30 ,, - FLASHI -NG

16778 150 150 30 30 - FLASHNGLAI +4

G-3



FIGURE G2

WARNING STATUS TEST DATA
290F WATER TEMPERATURE

DIVETRONIC UDH #864

UDM WARNING STATUS
UDB SAD CHANGE CHANGE TIME
TIME COMPARED TO COMPARED TO

COMPTER UON COMPUTER UCH COMPUTER SAD COMPUTER UDM COMPUTER WARNING
TIME DEPTH DEPTH SAD SAD CHANGE TIME WARNING WARNING STATUS CHANGE TIME
(SECONS FSW (FSW) (FS . (FSW.) (SECONDS) STATUSi STATUS. (SECONDS)

634 150 150 10 0 ....

638 5 0 1 10 . - -+4

766 _150 150 20 10 - - -

768 150 _ 1 2 2L ÷ - -+2

U L 15 150IS 30 40 ....

* 58l 1 5D 1i 50 L3 3 +2 - - -_ _
1298 ISO 150 30 40 ....

1304 150 150 40 4 -6 - -
1730 ISO 150& 50 4 ..

1732 ISO I5 so is 50 +2 -- .

1820 1SO_ 15 0 - FLASHING --

128 1S i _ 10 so '- - FLASHING FLASHING +8

2321 ISO 1IS so 60 - FLASHING FLASHING -

233_ 150 1i 60 -12 FLASHING LASH -

3376 1429 70 70 a FLASHING FLASHING -

4148 70 70 60 70 - FLASHING FLASHING -

4158 70 70 60 60 +10 FLASHING FLASHING -

iO00 60 50 !S 60 - -FLASHING, FLASHING -

5020 60 60 50 so +20 :LASHHIG FSING -

6600 SO 50 50 40 - FLASHING FLASHING -

6602 so so 40 40 -2 FLASHING FLASHING -

8308 41 40 30 40 - FLASHING FLASHING -

83Z6 41. 40 30 30 +18 FLASHING FLASHING -

10014 30 20 30 - FLASHING FLASHING -

10050 30 30 20 20 +36 FLASHING FLAHING -

_12108 3 30 10 20 - FLASHING FLASHING -

12110 30 30 10 10 +2 _ FLASHING FLASHING -

G-4



FIGURE G2

(Conti nued)

UDN WARNING STATUS
UCM SAD CHANGE CAANGE TI;4E

TINE COMPARED TO CfnMPARED TO
COMPUTER UDM COMPUTER UON COMPUTER SAD COMPUTER UDN COMPUTER WARNING

TIME DEPTH DEPTH SAD SAD CHANGE TINE WARNING WARNING STATUS CHANGE TIME
( SECONDS) ( I (F Sl (W) t(SW SECONDS) TATJUS STATUS (SECOASI

15534 30 10 10 - - FLASHN -

3154 30 -32_, - - -14

16242 150 150 L20 10 - - - --

1,62H 150 15l 20 20 +12- -

,1652 ISO 150 30 _n_ ,- - -_. _

1654 150 150_ 30 30 +14 - -

16790 150 150 30 30 - EL6-IN

16792 L150 1 30 -15LASZN gLASHING, +2

G-5



FIGURE G3WARNING STATUS TEST DATA
29*F WATER TEMPERATUREDIVETRONIC U011 0861

UDt WARNING STATUS
UOM SAD CHANGE (.,ANGE TIME

TIME COMPARED TO COMPARED TO
COMfUTER UOM COMPUTER UOM COMPUTER SAO COMPUTER UDM COMPUTER WARIM!ING

TIME DEPTH DEPTH SAD SAD CHANGE TIME WARNING WARNING STATUS CHANGE TIME
(SCOD J.ES... (.Eu. um)~L m (SECONDS) -STATUS STTU (SECONOS I

644 1 10 0 ....
ML |1g....D..... - _ __ _

.2L 150. 150 lO 2l - - --

774 1L 15 2. .1 - - -10.

780 1S 1 2 .6 - -+-

964 150 125 0 .. _._

970 ISO J15 3L AL . - -, +-
1306 150 15 40 30 ..

1308- ISO 150 40 40 +2

1736 ISO ISO so 40 .. _

1744 15 150. .54).. •. .8 _- - - -_ _

17" ISO JmL so -10 +82LN
1826 150 1Ji so soH - FLASING-

1840 15 1 5 5 - fLHtN s -04

-23x lag 150 60 - FLASHING FLASHING -

2334 150 150 0 60 L.4 FLASHING FLA.HING -

3376L IL IL .% -0 - FLASHING FLASHING

33__ 1 LW 7 7 0 +14 FLASHING FASHING - -

413 70 70 - FLASHING FLASHING -

4140 7 70 60 60 -2 .FLASHING FLAHING -1 _

42 5 0 Z. i - FLAaSHING FLAHZN_ -

5002 60 60 so Es " +10 FLASHING B LASHING -

0554 50 o 5 4 -40 FLASHING FLASING -

6S72 42 42 40 40 -18 FLASHING FLASHING . -,,

8278 40 40 30 30 0 FELASHING FLASHING-

9984 30 30 20 30 - FLASHING LASHING -

10002 30 30 20 _2,_ +.18 FLASHINGFLASHING .
12018 30 30 10 20 -FLASHING FLASHING

.12022 30 30 10 10 +4FLASHING FLASHING

G.-6



FIGURE G3

(Conti nuod)

UDM WARNING STATUS
UDH SAD CH4ANGE CHANGE TIME

TIME COMPARED TO COMPARED TO
COMPUTER UOM COMPUTER LDM COMPUTER SAD COMPUTER UOM COMPUTER WARNING

TIME DEPTH DEPTH SAD SAD CHANGE TIME WARNING WARNING STATUS CHANGE TIME
(SECONS) (Ml (M) FSW! (SEMQNS) STAUS% STAOIS • (SECONDS) ,

l40 , 30 ,1 .. 1 - - -0 -

1I= 3 30 0 10 + .- ,,. ,. . 11

1620 150, _.Lo 2a 2fl0•W.. lS ... .~ 150 20.Z 10L ....... - .. ..-... .. -. ...

Ii24 __15 0 5 2 i . - - -

16is18 ISO ISO 30 &.0 ..

•16526 ]50 _L%_ 30 _N__ ,, - .

16780 ISO ISO 30 30 . - FLASHING FLASHINGi 0

G-7



FIGURE G4

WARNING STATUS TEST DATA
296F WATER ThMPERATURE

GIVETRONIC UGH #836

UOM WARNING STATUS
UDM SAD CHANGE CPANGE TIME

TIME COMPARED TO COMPARED TO
COMPUER U COMPUER U COMUTER SAO COMPUTER UV. COMPUTER WARNING

TINE DEPTH DEPTH SAD SAO CHANGE TIME WARNING WARNING STATUS CHANGE TIME
(SECNDS)(FS) I SWI(FSW J= (SECONDS~) -=AU$.- STATUSL ____ X.-

3 ISO 1 10 0 =- - -- -

up0 .15 1m. 10 1 +8 - -I-

762 10 1l0 .Lf2& 19O 20 0 _

_722- 150 1L0 20 12 1 - -+_1

950 ISO 150 30 2a_- - - -.. 4
962 130 50 30 30 +12 - -

1290 ISO 150 40 30 ...

1306 150 lO 40 40 +16-.-_-.....

1720 ISO 150 50 40 - - - .

1740 150 1 so so5 +20 -- _

1814 150 -12 so -AL - - FLASHING . ......- -____............

1832 i15 150 so - FLASHING ELASHINi +18

2300 1 m1 60 so - . FLASHINGFLASHING_

.•2334 ISO 15 60 50L* +34 FLASHING F:ASHING -

3342 150 150 70 60 - FLASHING FLASHING

3382 J5i 1 JI L 70 +40 FLASHING FLASHING_- __

4162 70 70 70 _0 - FLASHING FLASHING

4190 60 60 60 so -28 FLASHING FLASHING

5022 60 60 60 50 - FLASHING, -LASHING-

5042 _ _ _ 50 so -20 FLASHING FLASHING

6626 50 50 _ 50 40 _- FLASHING FLASHING

6644 40 40 4Q 40 -18 FLASHING .ASXG -

8352 40 4 30 30 0 FLASHING FLASHING

10070 30 30 20 20 0 FLASHING FLASHING

_12088 30 30 20 10 - FLASHING FLASHING-

1214V, , 30 30 10 10 -56 FLASHING FLASHING -

15598 30 30 10 10 - - ,FLASHING_-

G-8



FIGIIRE G4

(Continued)

UDH WARNING STATUS
U• SAD CHANGE CHANGE TIME

TIME COMPARED TO COMPARED TO
COMPUTER UON COMPUTER UIO COMPUTER SAD COMPUTER UON COMPUTER WARNING

TIME DEPTH DEPTH SAD SAO CHANGE TIME WARNING WARNING STATUS CHANGE TIME
.(. -MS.1 1 Em"kLF.) im (SECONDS1 _STAUS_ STATUS (SECONDS)

._1 3 J0 1L.. - -o- +38

.,fi2U J !] 20 1o ,, - -

lamt 150- -• 150 2 20 +14 - - -
_ gs, "150 159 la 20 _ o,--- ...

_ 1§82 ISO. -ISO. 15 3o 30 IFLASHING, -...

11030 I.• 1 50 30 30 _ELASHING FASHIZN +8

G-9



FIGRE G5

WARNING STATUS TEST DATA
tO9F WATER TEMPERATURE

DIVETRONIC UOH r79s

UDM WARNING STATUS
UoJ SAO CHANGE CHANGE TIME

TIME COMPARED TO COMPARED TO
COMPUTER UW4 COMPUTER UCH COMPUTER SAD COMPUTER UDM COMPUTER WARNING

TINE DEPTH DEPTH SAO SAD C)ANGE TIME WARNING WARNING STATUS CHANGE TIME
(FSW~) I~L LEW~ 1EL. (FSW M (SECONDS) TUS TAS- (SECONDS)

626 ! 1M 10~ L - - - _0-

•2zz 5IO 1i5 10 10 -- - .4

7m0 ISO 1i0 20 in - - -"

764 1 fl 20 11 A _ - -+4

4n4 1 15 O - - -. ISO -0

24 ISO I o , - - -4

1296 1 150 40 40 " 0---

17.2 ISO 150 _ 40 - _ - -

1730 ISO I50.8 - - -

Isla* 150 150- s ! - FLASHING - _
1824 ISO ISO -w so . FLASHING FLASHING +14

2100 1SO 15L 6 0 D -_A FLASHING FLASHING -

1o 1 150 60 fin t10 FLASHING-FLSHING-

]3342 10 ISO in 60 - FLASHING FLASHING -

3376 15g 150 0 20 .34 FLASHI F1LASHING -

416 - 70 70 70 So - FAING FLASHING -

4186 70 70 60 60 .- 18 ULSHING FL.ASHI NG -

qn028 60 60 60 so .- FLASHING FLASHING -

5040 51 so so 5 -12 FLASHING FLASHIN•G-

fii 59 so EO s 4 - FLASHING FLASHING-

666L 40 4 40 40 -20 FLASHING FLASHING-

._gIL._40 40 40 30 - Fl INtFLASHING-

330 30 30 30 -28 FLAiING, FLASHING -

10078 30 30 20 30 - FLASHING FLASHING-
10080 30 30 20 20 +2 FASHINU FLASHING-

12164 30 30 10 -20 - F:LASHINGlFLASHIG
12166 30 30 10 10 +2 FLASHINGIFLASHN

G-10



FIGURE G5

(Continued)

UDM WARNING STATUS
UDM SAD CHANGE CHANGE TIME

TIME COMPARED TO COMPARED TO
COMPUTER UDM COMPUTER UOM COMPUTER SAD COMPUTER UDM COMPUTER WARNING

TIME DEPTH DEPTH SAD SAD CHANGE TIME WARNING WARNING STATUS CHANGE TIME(SECOND (SW) (FS• ) (FSW) "(SECONbS) ,TUS STATUS (SECONDS)

I15574 3 30 1i 0 - - FLASHING -

168z2 30 10 A1 - - - - +108
S1§286 ISO ISO 20 10 ---

16292 10 _ .Q &0 +J -

I.J - . o J5o 30 o - F -ISO 150..._n _
16586 150 10 _0 3 1

16834 150 150 30 30 _NFLASHING - -

II

16836 150 1150 30 30 -FLASHING FLASHINGa +2

G-11
n



FIGURE G6

WARNING STATUS TEST DATA
29F WATER TEMPERATURE

DIVETRONIC UDM #215

UDM WARNING STATUS
UDH SAD CHANGE CHANGE TIME

TIME COMPARED TO COMPARED TO
COMPUTER UDM COMPUTER UDM COMPUTER SAD COMPUTER UDM COMPUTER WARNING

TIME DEPTH DEPTH SAD SAD CHANGE TIME WARNING WARNING STATUS CHANGE TIME
(SECONDS (FSL. LF.1J.EL. (FaE, _IAISW. -- I~.(SECONDS)STUS 2AS_ ( N

630 150 ISO 10 a -

636 150 15g0 10 10 +6

762 149 150 2L 10 -

76 1 0 10 ISO 20 • 04.

954 150 5 30 20 -

95A 150 150 30 30 +2

1300 15 15 IS 30 40 -

13oQ 150 15Do 40 -2

1725 ISO 15 50 - - -

1ý32 150 150J 50 so +6 - -

1814 151Q.. 0 - F0 50LASHING - -

186 ISO 1so .10 5 50 - FLASHINGi FLASHINGI, +12
2322,• ISO 150 60 60 0 F.LASHING FIASHING -

3360 1 1 FLASHING FLASHIN -

3378 ].O 150 70 70 +18 FLASHING FLASHING

4160 70 70 ,.70 60 - FLASHING FLASHING -

4164 65 68 60 60 -4 FLASHING FLASHINGI -

5018 60 6 50 60 - FLASHING FLASHING -

5024 6 0 50 -6 FLASHING FLASHING -

6606 50 50 50 40 - FLASHING:FLASHING -

6626 40 40 40 40 -20 FLASHING FLASHING -

8328 *Q 40 40 30 - FLASHING FLASHING -

8334 37 38 30 30 -6 FLASHINGFLASHING-

_10040 .30 30 20 20 0 FLASHING FLASHING-

12116 30 30 10 10 0 FISHNNFASHN

15576 - - FLASHING -

15650 30 30 1I0 1.. .. +74

G-12



FIGURE G6

(Conti nued)

UDM WARNING STATUS
UDM SAD CHANGE CHANGE TIME

TIME COMPARED TO COMPARED TO
COMPUTER UDM COMPUTER UDM COMPUTER SAD COMPUTE.R UDM COMPUTER WARNING

TIME DEPTH DEPTH SAD SAD CHANGE TIME WARNING WARNING STATUS CHANGE TIME
(SECONDS) (FJ)EW. LES.) (FS (FS (SECONDS) STTU STATUS (SECONDS)

16264 ~ 2 20 -2 -- __

16552 _= I~ a i 0 +4-- _ _ _ _

160 15 5 0 3 FLASHING FLASHING1 +2

G-1 3



APPENDIX H

December 22, 1986

TECHNICAL INORANDUM NO. TM86-14

From: NEDU Code 025 (Author: CURLEY)
To: NEDU Code 00
Via: (1) HEDU Code 02

(2) NEDU Code 031
(3) NEDU Code 01

Subj: UUIAN13D DRY HUMAN FACTORS EVALUATION OF THE ORCA 1NDUSTRIES PROTOTYPE
MODEL "Ni UDC" UNDERWATER DECOMPRESSION MONITOR (UDM)

Distribution A: Approved for public release; distribution unlimited.

Ref: (a) Navy Experimental Diving Unit Test Plan No. 85-37 of DEC 85
(b) MIL-STD-1472B, Human Engineering Design Criteria for Military

Systems, Equipment and Facilities, 31 DEC 1974 with 1976, 1978
Revisions.

(c) Commerce Business Daily, Issue No. PSA-8546 of 19 March 1984

Enci: (1) Figures 1 - 3 (All photographs by B. Campoli, NCSC)

Key Words: ORCA, UDC, UDM, Human Factors, Underwater, Decompression,
Computer, N1

1. Intrxoi•cn

One prototype wrist-worn (or holstered) underwater decompression
computer/meter manufactured by ORCA Industries was received for a preliminary
human factors evaluation as outlined in reference (a). The unit was numbered
1190 on the bottom of the battery compartment, and was accompanied by a
two-page instruction sheet titled "Manual for the Navy Mark 15 Underwater
Decompression Computer, copyright January 1985 ORCA Industries". This maiual
referred to the prototype UDM as the "Ni UDC". A manual for the ORCA EDGE UDC
was also provided, as the manufacturer indicated that the hardware for both
the EDGE and the prototype Ni are essentially identical.

2. General Characteristics

The Ni UDC prototype (Figure 1) was rectangular in shape and measured 18.3
cm (L) x 7.4 cm (H) x 3.4 cm (W). It weighed 757 grams with one battery and
two wrist straps installed. The case was cast aluminum alloy with a glass
display window (from EDGE manual), and was colored blue. One unit sent to
NEDU had a matte black finish. Two velcro bands (2.1 x 40 cm) with pla.stic
buckles were slotted through four 1.9 cm long stainless steel pins on the
bottom of the case (Figure 2). The pin holders were off-set, presumably to
provide a contoured form for wearing the unit on the arm. The bands were
easily threaded through the pins.



Pressure transducer ports are located on the front of the unit to the left
of the display (Figure 1). Access to the battery compartment on the underside
of the unit was via two slotted screws, which are operable by a coin. The
screw& have stop& to prevent their coming out of the case and subsequent
loss. A common 9v alkaline battery powers the unit. Two battery connectors
are provided so that a low battery can be replaced without interruption of
power and loss of repetitive dive information.

Also on the underside of the unit is the on-off switch (Figure 3). The
switch is termed a magnetic flip switch by the manufacturer, appears to be
made of plastic, and measured 4.1 (L) x 0.6 (W) x 0.5 cm. A small detent with
nub extending out 0.1 cm from the switch provided a friction holding device.
This device can wear rapidly, leading to the inadvertent dislodging of the
switch from the desi&"s-ted position. The switch also appears to be subject to
breakage, as it protrudes from the case when being moved. There was no
problem in operating this switch with three-fingered neoprene gloves.

3. Display Characteristics

The liquid crystal display (LCD) face measured 5.2 cm x 4.3 cm, and was
covered by, a glass face recessed 0.4 cm below the front edge of the case.
This feature should help prevent damage to the display. When the on/off
switch was turned to the "on" position,, the display activated with a picture
of a whale and the label N1. (rotated 900 to the left) in the lower left hand
corner of the display. A blinking checkerboard display then appeared,
followed by the standard display of zeros and a blinking asterisk (Figure 1).

The .JJCD numbers were large [0.8 cm (H) x 0.5 cm (W)], colored black on a
grey background, and easy to discriminate when viewed from directly above in
office fluorescent light illumination. However, a rapid and substantial
decrease in LCD legibility occurred as the unit was rotated away from a
position directly in front of the viewer. At - 300 offset in either
direction, the display became illegible; i.e. the numbers disappeared.

LCD displays are included for dive time, depth, stop depth, stop time, and
total time to surface. All convey essential information, and are grouped
acceptably. The display times are identified by the colon between
hours :minutes. To signal that the unit is functioning properly, a large
asterisk blinks in the upper right hand corner of the display. This is
inappropriate by human engineering standards (reference (b)], where the use of
blinking and flashing lights and displays should be relegated to conditions
alerting the operator to a condition which requires his attention and action.
A recommended change is- to eliminate the blinking asterisk during normal
functioning. As the display is already designated to switch from the asterisk
to a "B" when battery duration is expected to be less than 4 hours, one could
have the "B" present in a steady state. When battery life becomes short, the
"B" could start blinking, alerting the operator to a condition requiring his
attention.

2



The use of alternating blinking displays when a diver ascends too shallow
is an appropriate warning device. The P40 warning device is also a distinct
and clear warning device appropriately programmed. As far as labeling of the
display, the prototype unit vas furnished with a piece of white paper, on
which was lettered in black the labels shown in Figure 1. The paper was
secured to the unit with a covering of epoxy, which was peeling away from the
unit at the time of this test. Further, thn epoxy was off-colored and
contained bubbles, rendering the lettering underneath hazy. The labels are
not in close proximity to their LCD readout, although the linear spatial
relationship between label and LCD is appropriate if one uses the convention
of reading from left to right, down one line, and starting over. There
appears to be room adjacent to the "1TTS" and "Stop Time" LCDs for labels. If
the asterisk (or "B"9) was made smaller and the "dive time" display moved left
on the same line, there would be room for the label. The "depth/stop depth"
LCDs require some ingenuity to provide a label in close proximity. The
rationale for moving the labels closer to the LCDs is to reduce the
probability of operator error/confusion in reading the displays, especially
with the three time function LCDs being identical in appearance.

4. Conformance With Sp'ecifications

A review of the specifications outlined in reference (c) with the
prototype ORCA "Nl UDC" revealed the following discrepancies:

*no illuminated background LCD; no on-off switch for LCD illumination.

*no red/green light signaling for violation/compliance.

*no removable plug for leak check and pressure transducer to accept
standard fitting.

5. Recommendations

a. Ensure compliance with published specifications; internal illumination
is essential, as are signaling functions.

b. Install locking/securing device for on-off switch so it cannot be
dislodged inadvertently.

c. Incorporate LCD labels into display window.

d. Re-design LCDs so that numbers can be read when unit is turned at ani
angle at least to 450 away from head-on.

e. Eliminate blinking asterisk; replace with a steady state
* alpha-numeric, or better yet a steady green LED.

f. Replace "paste on" display label with integrated labels in display in
close proximity to respective LCD.

g. Reduce size and weirlht of 17DM.

3



6. mz

The ORCA "N1 UDC" is a large, bulky and heavy UDM, yet offers several
advantages in simplicity of design, large numerical LCDs, and ease of
operation and maintenance. It in essential, however, that the specifications
for Illumination and signaling be met before the unit is considered for Navy
use. A re-evaluation of a revised prototype incorporating changes outlined in
section 5 above would be appropriate.

N. D. CURLEY

4
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APPENDIX I

December 22, 1986

TECHNICAL MEMORANDUM NO. TMS6-13

From: IMDU Code 025 (Author: CURLEY)
To: NEDU Code 00
Via: (1) NEDU Code 02

(2) NEDU Code 031
(3) NEDU Code 01

Subj: UNMANNED DRY HUMAN FACTORS EVALUATION OF THE DIVETRONIC PROTOTYPE U.I.

NAVY MODEL UNDERWATER DECOMPRESSION MONITOR (UDM)

Distribution A: Approved for public release; distribution unlimited.

Ref: (a) Navy Experimental Diving Unit Test Plan No. 85-37 of December 1985.
(b) NIL-STD-1472B, Human Engineering Design Criteria for Military

Systems, Equipment and Facilities, 31 DEC 1974 with 1976, 1978
Revisions.

(c) Comerce Business Daily, Issue No. PSA-8546 of 19 March 1984

Encl: (1) Figures 1 - 5 (All photographs by B. Campoli, NCSC)

Key Words: Divetronics, UDC, UDM, Deco-Brain, Human Factors, Decompression,
Computer

1. Introducon

A prototype wrist-worn underwater decompression monitor/computer (UDM/UDC)
manufactured by Divetronic-Instruments AG (Postfach, FL-9494 Schaan,
Furstentum, Leichtenstein) was received at NEDU and forwarded for a
preliminary human factors evaluation IAW reference (a). The unit was
inscribed by NEDU personnel for test purposes with the number 861 on the front
of the case (Figure 1). An instructional manual of the HANS HASS Deco-Brain
II accompanied the unit; the manual was annotated in pencil "rough
draft ..... new manual....P2-2" (Figure 2). Two sets of serial numbers were on
the UDH casing: 02861 was stamped under the case (Figure 3) and 08-83-01 on
the rear edge of the case (Figure 3). A "dive-simulator" tool was also
provided which fits over the unit's pressure transducer (Figure 4).

2. General Characteristics

The Deco-Brain II UDC uses a molded contoured black plastic case,
measuring roughly 14.5 cm wide by 8 cm tall by 11 cm deep. It weighed
approximately 2 lbs 3 ounces (992.1 g) in the dry with batteries and wrist
straps installed. The face of the case incorporates a 10.5 x 6.0 cm display
window to present various information. The label on the display face was
grey, and contained graphics of varying colors and sizes surrounding five (5)
liquid crystal displays (LCD) and three (3) light emitting diodes (LED). On
the bottom of the unit a sliding magnetic switch activated thA display



backlighting (Figure 5). Two rubber straps with steel buckles weze each
threaded through two stainless steel pins and the case body, and are used to
attach the unit to the arm of the user. The straps are 2.4 cm wide and 35 cm
long (Figure 5).

3. Instruction 11anual Revy.ey

The instruction manual (Figure 2) accompanying the UDC was written in a
language appropriate for the user. Some material could be rearranged for
clarity. For example, at the bottom of page 4 there is a note stating that
the Deco-Brain must be turned on before entering the water, but it is not
until the bottom of page 5 that a simple explanation of the rationale is
presented. A primary source of confusion and frustration to the reader is
that the text refers to items on the UDM by number, yet the numbers are not
founmd in any of the drawings in the text except on page 24, figure 10. This
figure is not referred to in the text. Other specific areas of concern found
during the reading of the manual include:

* p. 4 Why will "8888"s not look like figure 1?
* p. 6 Is the UDM accuracy really * 1.6 ft water, regardless of depth or

specific gravity of water (i.e. fresh versus sal~t water)?
* p. 7 The stated ascent rate of 33 FPM not in accord with USN rate of

60 FPM.
* p. 9 The use of flashing displays when within 6 minutes of incurring a

decompression obligation may be inappropriate for Navy use. The
present countdown feature is appropriate and adequate without
flashing.

* p.10 As presently programmed, the LED for rate of ascent flashes when
wihi a normal rate of ascent, and then stops flashing when the
rate is exceeded. This is inappropriate. According to human
factors engineering criteria [ref (b)], "the use of flashing
lights shall be minimized. Flashing lights may be used only when
it is necessary to call the operator's attention to some
condition requiring action. The flash rate shall be within 3 to
5 flashes per second..." Further, the use of a red LED is not
acceptable for this function in accordance with reference (b). A
steady green or yellow light should be used if the rate of ascent
is within specifications. A flashing red LED is appropriate only
if the ascent rate becomes to apd

* p.10 The Deco-Stop LED is flashing when the diver is at an appropriate
stop; again, the use of flashing signals should be relegated to a
warning 43tatus IAW reference (b). A constant green light should
be used to indicate all conditions are satisfactory.

* p.10 Why does ascending faster than 33 FPM (or 60 FPM) cause a
no-decompression time to switch to a decompression time? An
explanation is desirable in the text for the. reader.

* p.11 The yellov~ LED for DECO-STOP flashes when diver is at his
required decompression stop. Again, this is inappropriate by Mil
Spec human engineering standards [reference (b)].

* p.12 q LEDs flash if a diver ascends past the required decompression
stop. A single flashing red LED would be sufficient.
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* p.13 The time to flight value is mentioned but not explained in the
manual. This feature is not required for U.S. Navy use.

* p.18 Why cannot the UDI recharger be plugged directly into line
voltage? How does the manual define line voltage?

Sp.21 Multiple data presentation, including non-operatoz controlled
non-essential information, can lead to operator confusion in
state of stress or presence of heavy information processing load.

* No information is provided on how to replace batteries.

No addresses, telephone numbers, or point of contacts were listed in
manual.

Activation of the UDN on the surface with the dive simulator revealed
that not all specifications function as described in the manual. For
example, maximum depth is only displayed at the surface, not while in
the water. Ascent rate LED functioning is also affected by low
battery voltage, though this is not mentioned in the text.

4. Display Characteristics

The display face consists of five liquid crystal displays (LCDs), three of
which measure 3.9 x 1.3 cm, and two which measure 1.9 x 1.3 cm. Three warning
lights are incorporated into the display, and are light emitting diodes
(LEDs). Lettering for the display information consists of eight different
size/type/font combinations, colored blue, red and grey. The display face
cover Is grey. The display is laid out with LCDs for time (dive-time and
ascent-time; 4 digits each) grouped on the left side of the display, and LCDs
for depth (depth and stops) grouped on the right side. The three LEDs which
serve as indicators are grouped vertically in the center.

Comments:

* The LCD uumbers are easy to read under normal office fluorescent
lighting levels and are not angle dependent; that is, the contrast between
figure and ground Is sufficient to ensure legibility even when the UDM is
rotated up to 450 away from head on. The limiting factor is the edge of the
display cutout, and not the contrast of the figure-ground relationship.

* The wide assortment of lettering colors and types is unevenand may
inhibit the ease of information processing. The lettering for "dive-time",
"ascent-time", "depth", "ft" and "min" is clear, large enough, and grouped
appropriately with their respective LCDs. The display's cluttering surrounds
the LEDs and the use of color and expletives in the "max-depth" l'ttering.
The use of the present graphics turns the eye towards the middle column of
LEDs and the "max depth" sign, despite the fact that this information is not
normally attended to during the majority of the dive. The removal of the bold
arrow and red circle around the ascent LED, the red starburst pattern around
the out of range LED, and the blue coloration and exclamation points from the
maximum depth graphic would greatly harmonize the display and ease in eye
focusing on relevant information.
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* The LEDs are bright enough to be seen easily underwater. However, the
multiple lighting and flashing of those LEDs ts presently programmed is
distracting, inappropriate as reviewed above, and can lead to sensory overload.

* An described in the manual, the maximum depth indicator is flashed for
2.5 seconds each 30 sec; this approach removes cntrol of information access
from the operator, and may interfere substantially with his accesa to
information he desires, e.g. ascent time. Access to desired but not essential
(i.e. critical) information should be onden at the operator's discretion.
Maximum depth displays appear appropriate for a recall feature only. The unit
tested only displayed this function at the surface. If this information is
not displayed at depth, it should be so noted in the manual.

* The backlighting function appears to provide an even level of
Illumination to the LCD displays. The magnetic light switch requires little
force to operate and can be operated easily when the operator wears three
fingered neoprene gloves. The bottom of the switch (Figure 5) is-serrated co
provide a gripping surface for the gloved operator.

5. Conformance With Specifications

This unit does not meet the following specifications in reference (c):

* Velcro fasteners not used to attach unit to arm.
* No green light compliance feature.
* No battery voltage indication available while submerged.

6. Case Comments

* The dive simulator is a welcome function which allows the operator to
perform pre- and post-dive checks on the proper functioning of the
unit (Figure 4).

* The battery degassing screw is not identified by marking or
configuration on the unit proper (Figure 3).

* Slotted screws are used for all case fasteners; this feature aids in
minimizing tools needed for access to the UDM for maintenance (Figure
3).

* The on-off handle is beige in color, 4.1 cm in length, prctrudes
1.0-1.2 cm from the case, and uses a strong spring loaded
positive-action-device to prevent accidental activation or
deactivation of the unit. As the unit is not designed to be turned on
underwater, the handle is not large enough to be pulled and turned
when wearing thermal pirotoction on the hands (Figure 1).

* The battery recharger is simple, appears rugged, and is appropriately
labeled. An adapter is provided to use on 120v versus 220v circuits
(Figure 1).
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7. 3mfor Re-Desiln for Use by U.S. Navy

a. Eliminate flashing display function when within 6 min of
no-decompression obligation being incurred.

b. Eliminate rate of asce-.'signaling except for a flashing (3-5 cps) red
LED when rate is SAGE=. LED will go out when rate falls within
0-60 fps.

s. Use rate of ascent flashing red LED to also signal when diver is TQO
SHALLO ascending past the required decompression stop. Red LED will
go out and be replaced by steady green LED when diver is at designated
stop.

d. Change Deco-Stop LED to a steady green LED.

e. Eliminate out of range LED.

f. Ensure compliance of display IAW reference (b).

g. Reconfigure display graphics to reduce clutter lAW Section 4 comments
above; use proper Navy terminology (e.g. 60 ft/min vice 33 ft/min).

h. Rewrite instruction manual, including in revision the information
noted omitted previously in section 3 and ensure it accurately
reflects the present UDM features and programming.

i. Incorporate a low battery indicator function when unit is submerged;
this function is critical for use on long missions.

J. Reduce size and weight of UDM.

k. Identify battery degassing screw on case.

1. Eliminate time to flight function.

8. SummaZ

The Divetronics Deco-Brain II is a fairly large, heavy, and bulky unit
which uses the m&nufacturer's commercially marketed product as the basis for
this prototype. It shows promise for use by the U.S. Navy providing the
display programming is reconfigured lAW military specifications, the
commercial bid specifications are met, and the presentation of the information
is simplified lAW human factor and Information processing guidelines. It is
strongly recommended that these criteria be met before approval is considered
for U.S. Navy use.

M. D. CURLEY
LCDR, MSC, USN
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FIGURE 2. Cover of accompanying instruction manual for UDM.
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FIGURE 3. Back of UDM showing identifying numbers (A, B), battery degassing
screw (C), on-off switch (D), and use of slotted s'crews (E).
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APPENDIX J

4AWINIG STATUS LIMITS AND ALGORITHM REVISION

The initial Warning Status Limits for the EL NK 15/16 RTA were based on
the tissue tension of the 40 min. tissue. If it exceeded 77 FSW the maximum
depth/time domain boundary had been exceeded. The diver then had to
decompress to a depth shallower than 30 FSW aud wait until this tissue tension
fell below 48 FSW before descending. The 77 FSW "turn on" limit would have
limited the times for bounce diving to those in Table 1. These limits would
have proved restrictive for some profiles which were tested during Phase I
0.7 ATA constant P02 in N2 testing (NEDU Report 11-80) which were felt to be
very safe. Test profile 4 included three successive dives to 120 FSW for 30
miuutes with 30 minute intervals at 10 FSW between each dive. The original
Warning Status Limits would have restricted the subsequent times at 125 FSW to
22 minutes instead of 30 minutes.

When the algorithm was revised for Phase II testing (NEDU Report 1-84) it
allowed some dives to be dove which had previously been unsafe. The 100 FSW
for 60 minute profile was decompression sickness (DCS) free in 10 man dives
where the shorter Phase I schedule produced one case of DCS in the same number
of man dives. During- testing of the Air/N2 02 algorithm (NEDU Report 8-85) the
100/60 schedule was dove on a constant 0.7 ATA P0 2 in N? on 27 man dives
without DCS with a total decompression time about the same as in Phase I
testing (51 minutes) but with a shallower first stop. Since the original
Warning Status Limit of 77 FSW was based on the 100/60 Phase I profile it
appeared this limit could now be relaxed. Test Profile 4 mentioned above had
the 40 minute tissue tension at 87 FSW for the two repetitive 125/30 minute
exposures. If this limit is applied, the maximum time allowed at 100 FSW
increases to 75 minutes, and the maximum time allowed at 150 FSW increases the
35 minutes. However, during the Air/N20 2 algorithm testing the 19 DCS free
dives were on a schedule some 30 minutes shorter than the current VVAL 18
schedule. Therefore extending the limit line 5 minutes at this depth is not
unreasonable. When a 150/40 minute schedule was tested during the Air/N2 0 2
algorithm testing there was one DCS in 10 man dives but the schedule was 15
minutes shorter than the WVAL 18 schedule. This, therefore, does not speak
too strongly against extending the limit line at 150 FSW. Therefore the
Warning Status "turn on" tissue tension will be increased to 87 FSW. The
increase in allowed bottom times are shown in Table 1.

The original "Turn Off" limit was 48 FSW. Looking at the tissue tensions
for repetitive dives conducted during Phase II testing, the 40 minute tissue
tension had fallen to 50 FSW on both the 150/30 repetitive dive (Profile 24A)
and the 100/60 repetitive dive (Profile 25A) where the surface interval was on
air. There was a single case of Type I DCS on the 150 FSW profile in 10 man
dives while none occurred on the 100 FSW profile in the same number. Based on
these considerations, the 30 minute increase in required surface interval
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which would have been required by requiring another 2 FSW of offgassing would
only serve to reduce the probability of DCS. So the Warning Status "Turn Off"
limit should rmain at 48 FSW.

A revised Warning status algorithm is found in Figure 1. The current
values for Pmax, Pain, DI, and Dt are given. These values may change with
increased experience using the UDK.

J-2



TABLZ 1

Depth of Dive Maximum Bottom Times
(FSW) P40 a 77 FSW P4 0 a 87 FSW

150 25 35
140 30 40
130 35 45
120 40 50
110 45 60
100 55 75

90 70 100
80 100 220
70* 210
60*

* Dives shallover than 60 FSW vill never result in the 40 minute

tissue tenmion exceeding 77 FSW and at 70 FSW the 40 minute
tissue tension vili not exceed 87 ISW.
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FIGURE 1

WARNING STATUS PROCEDURE

Two Warnings: ON OFF

SAD FL SAD display flashes SAD steady
red light flashes

DEPTH FL Depth display flashes Depth steady
red light flashes

Initialization: both warnings off on initial turn on.

Procedure Execution: after all tisse updates and SAD computation concluded.

Parameters:

Pw - actual tissue tensior. In specified tissue (currently 40 minute tissue)
Pmax - maximum tieus tension allowed in specified tissue (currently 87 FSW in

40 minute tissue)
Pmln - maximum tissue tension required In specified tissue (currently 48 FSW in

40 minute tissue)
D - actual depth
D - maximum depth of model (currently 150FSW)
D2  maximum shollow Interval depth (currently 30 FSW)

START

STRYES

NOT: Red warning light should Iash if either SAD FL or DEPTH FL is on.

(See section on C~ombined Ugh Interaction Functioning in discussion section of

NEDU Report 10-86.)
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APPENDIX K

PROPOSED UDK COMPUTER INTERFACE SPECIFICATION

The eperience of testing two prototype JDN discussed in NEDU Report
10-86 shoved the necessity of directly inputing display information into a
boat computer. This would suffice for minimum maintenance requirements but a
formal computer interface would be more desirable. Additionally, a method of
rescording and outputing the depth tim, profile would be useful. A proposed
functional specification for these refinements in provided below.

Comouter Intefac

1. Plugs into UDN replacing battery and supplying power while maintaining
watertight integrity to UDM saximum test depth.

2. Interfaces to hose computer through sandard serial I/0 microcomputer
port (serial terminal port, RS-232 or In2 488).

3. All commands to and readouts from the UDM should be ASCII commands
executable through standard higher level language (FORTRAN, BASIC) I/0
instructions.

4. Interface should be compatible with current IBM compatible disc

operating systems for execution• on the widest range of computers.

5. The following functions should be available for UlD diagnostic and
maintenance procedures.

Read Display: Transmits values of &U display readouts to host
computer. Numerical displays are transmitted as ASCII integers,
lights as logical values (1 = ON, 0 a OFF). Data is read one time
only.

Read Display Continuous: Transmits values continuously in same format
as above but a frequency of flashing warning indicators. This
would allow detection of flashing warning lt.ghts or displays.
This mode is stopped by executing a read dieplay command. Output
must be buffered.

Read Algorithm: Causes the entire algorithm within the UDM to be
dumped to an ASCII disc file. File name should be user
specified. This file should be such that it could be printed
directly without further manipulation.

Read Parameters: Causes the program variables and parameters (e.g.
maximum permissible tissue tension value) to he output to an ASCII
disc file.

K-1
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Erternal Depth: Disconnects depth regirter from UDM pressure
transducer and accepts a depth from the host computer using the
Send Depth cemand. The depth register remains disconnected until
an Internal Depth command is issued. Thus by executing a Set-
Deptho the host computer can send depth values to the UDM without
the need for pressurigation, which would be useful for diagnostic
purposes. Ileconnecting the UDM from he external interface
automatically reconnects the UDK depth register to the UDI
pressure transducer output.

Send Depth: Transmits a depth value as on ASCII integer to the UDI.
Interface will only accept this data if an External Depth command
has been previously executed.

Internal Depth: Cause any further depths to be input to the UDM depth
register from the UDH pressure transducer output.

Start: Turns UDI on in same manner as if O0/OFT switch manually
turned on.

Stop: Turns UDM off in same mannor as if 0W/OFT switch manually
turned off.

Sleep: Halts algorithm after current completion cycle. All displays
remain intact and can be read. Algorithm remains in sleep state
until run issued.

Run: Starts algorithm again after having been temporarily halted by a

sleep comand.

Profile Recording

If this provision is provided then what is recorded depends on the amount
of memory available. If sufficient memory is available then depth and water
temperature (OC) (if profile recording is implemented then a temperature
sensor should be provided to record temperature to an accuracy of *l*C) should
be recorded every time the SAD is updated by the algorithm. Provision should
be made to record profiles up to 12 hours long. Alternative: a recording
could be made every time there is a depth change greater than or equal to
4 FSW. However, in this instance the time (in number of 4 second increments
since unit was turned on) must be recorded along with the depth and
temperature. If 32 bits were available for each record then the following
information could be recorded.

Time (# 4 rec increments) 14 bits 0 - 18 hr.
Depth (FSW) 9 bits 0 - 512 FSW
Temp (*C) 5 bits -234C - +406C
Warning Status Light #1 2 bits on, off, flashing
Warning Status Light #2 2 bits on, off, flashing
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A more afficient packing mechanism might be possible but the minimum and
maximm values should be retained. The total number of records which would
need to be recorded would depend ov the number of excursions. The worst case
siould be 4 FSW changes every 4 seconds and this would require 16,384 records.
However, it would oe h.ghlj unlikel:' that excursions would occur at that rate,
more JU.ely long periods of time would be spent at a constant uepth. If one
assumes 32 excursions from 0 to 256 FSW during an 18 hour dive then each
excursion would reqvire 1.28 records azd 4,096 total records would be needed to
record the profile. This is mure likely to be the worst case scenario so
storing 4,095 records should be the initial goal.

If records are recorded this would need to be recorded in an ASCII file,
each record consisting of:

Time (see), depth (FSW), temp OC, Warning starts #1, #2

A suitable command to be given to the UDM through the above computer
interface would cause the profile to be stored in a user specified ASCII disc
file. An internal power source would be needed by the UDM to retain recorded
dive information during the time the main power supply is off while connecting
the computer interfaca. A maximum change over time of 5 minutes should be
sufficient although ideally the dive profile memory should have a completely
independent power supply able to retain memony values almost indefinitely, so-
Information for accident investigation would be available even if the main
power supply became exhausted.

Provision should be made so that the stored profile can only be erased
after it has been correctly read and verified, or by actuation of a separate
reset switch accessible only by removal of some sort of protective device to
prevent inadvertent arasure of a recorded profile.
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