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Algoritha

Decompriession Obligation

Decompresdsion Schedule

EL-MK 15/16 Real Time
Algoritim (RTA)

Multi-Level Dive

No Decompression Dive
No Decompression Time

SAD

Undervater Decompression
Monitor (UDM)

Gloasary

A sequence of logical ataps used to obtain a
sathematical result.

The total amount of dncompression stop time
accrued at any ¢ime in a dive profile if ascen:
were begun at that inatant at a specified iate.

A listing asliowing raquired decompression stop
depthas and stop times for a particular dottom
depth/time dive at specified ascent and descent
rates.

A cowputer program using the EL MK 15/16
deconpressior.

model vhich will compute¢ and update a divers
decompresaion obligation in real time. EL refers
to the exponential-linear version of the MK 15/16
RTA using the VVAL18 MPIT table (see reference 3
for dutails).

Maximum permissible tissue tension. The maximum
tension which :an be present in any tisaue at a
given depth such that decompression aickness will
not occur (see reference 3 for complete
description).

A dive consisting of at least two dive segments
at different depths.

A dive spent at a given depth within a time frame
that would alluw a diver to ascend directly to
the surface a: a prescribed rate without
incurring an obligated decompression stop.

The maximum time that can be spent at a given
depth such that ascent can he safely made
directly to the surface at a prescribed race.

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

A microprocessor controlled device which tracks
depth and time and uses this information to
compute decompression obligation.
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Abstract

The Navy Experimental Diving Unit (NEDU) rerformed unmanned testing and
human factors evaluations on two prototype Underwvater Decompression Monitors
(UDMs) which were programmed with an NEDU developed decompression algorithm.
Teating was designed to evaluate UDM hardware, and to recommend suicability of
the UDMs tested for Approval for Navy Use (ANU) status. The approved UDM
models could then be programmed with any suitable decompression algorithm.

The six U.S. Navy prototype ORCA UDMs testad at NEDU suffered from
reliability problems as a result of watar leakage into the caae and failures
of the preassure transducer, and several important U.S. Navy specificationa
ware not provided on these units. As a result of these discrepanciea, these
units were not submitted to the full test cycle. The DIVETRORIC UDMs provided
acceptable depth and profile tracking accuracy in a wide temperature spectrum,
and are recommended for ANU with display modifications.

KEY WORDS:

} computer algorithm
constant partial pressure

' EL-MK 15/16 RTIA

| MK 15 MOD O UBA

| MK 16 MOD 0 UBA

l multi-level diving
no-decompression dive

| decempression dive
repetitive dive
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underwvater decompression monitor (UDM)
REDU Test Plan 85-37
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I. INIRODUCTION

Yraditional U.S. Navy cdecompression procedures are preaented in printed
tables in which the marimum depth attsined at any time during a dive along
with the total dive time are ucad to choose the appropriate achedule,
Procedures rfor giving credit for time spent at the surface dbreathing air are
givea in repetitive dive tables but no procedure was availadle for doing
multiyle level dives until the advent of the Combat Swimmer Multi-Lavel Dive
(CSMD) procedures (reference l). Howerar, these procedurea are not only
cumberacme but also require oxtensive record keeping. In order to develop
procedures better suitsed to the complicated multiple level/repetitive diving
of the Naval Speacix)l Warfare Combat Swimmer, NEDU bas been developing computer
algoritums which can compute not only satandard decompreasion tables but also
decompression schedules in real time. The intention has been to program these
algorithms into a smal: diver carried Underwvatar Decompresaion Monitor.

The Underwater Decompression Monitor (UDM) is a microprocessor controlled
device which tracks depth and time and uses this information to compute
decompreasion obligation. Ths goal of UDM d:velopment has been to provide an
accurate, relisble, and maintainable instrument for use by the Naval Special
Warfare Coomunity us 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. Background. The basis of a computer algorithm for doing real time
decompression schedule calculation is a set of mathematical equations which
compute decompression obligatior 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 thia interval. Once devzloped and tested,
the algorithm could be used in any computer capable of srepling 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 KTA. Development of computer algorithms which can te
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 waa 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 PO, of 0.7 ATA or above, as long as it warns the diver when the POj
falls to 0.6 ATA or lower and uses nitrogen or air as a diluent. Because the
MK 16 MOD 0 UBA functions identically to the MK 15 MOD 0 UBA in that it




slectronically controls the PO; 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 EL-MK 15/16 Real Time Algorithm (EL-MK 13/16 RTA). BL
refers to the expouantiai-linear version of the MK 1%/16 RTA using the VVAL1B
MPIT Table (reference 3). 7This algorithm vas used to compute a set of
conventional diving tables for use until a UDM was aveilable. It was the
BL-MK 1%/16 RTA that vas implemented into the prototyspe UDM models which are
the subject of this report.

C. SAD. 7The EL-MK 15/16 RIA provides ultimate dive flexibility by
constantly updating the decoaprsssion requirements and providing a
decompression schedule ideally suited to a particular depth/time profile for a
particular UBA. Any combiration of unplanned excursions can be performed il
wvithout losing track of decompression obligation. It performs this function
by monitoring 4epth every two seconds and using this value to update the gas
tensiona in the nine theoretical half time tissues using a set of gas uptake
and elimination equations. Updating of tissue tensions continues over the
entire courae of the dive, and at any given time the nine tissve tensions
reflect the cumulative gas tension for the entire preceeding dive profile.

The algorithm then compares these tissue tensions with the ascent criteria
vhich are maximum permissible tissue (inert gas) tensions (MPTT) at each of
the 10 FSW incremental stop deptha. The algorithm determines the shallowest
stop depth ec vhich none of the current tisaue tensions will be greater than
their respsctive MPIT. This depth is displayed as the safe ascent depth (SAD).

The SAD is diaplayed concurrertly wvith the divers actual depth. It is the
SAD vhich describes the decompresaicn atatus of the diver at any time. As
long as the diver remaina 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 matching 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
tisaue 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-FK15/16 algorithm is designed to assume that
the diver is breathing air any time his depth is 3 FSW or leas, so the diver
need take no action when he surfaces and begins breathing air.

E. WYarning Status. Algorithm development testing was done within a
certain depth/time domain and when the diver ventures outaide of that domain
the likelihood of decompression sickneas (DCS) occurring is unknown. For

| inatance, 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

1
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development, the diver was warned he was outside of the tested depth/time
domain by having the SAD display blink whenever the 40 FSW tlssue tension
exceeded 77 ¥FSW. At this point the diver was to ascend to a depth of 30 FSW
or shallower and ramain thers until the 40 FSW tissuc tension fell below 48
FSW at which point the SAD stopped t irking.

These 40 minute tissue t:nsion criteria were incorporated into the

prototype UDM's because a mnre appropriate set of criteria had not yet been

. developed. The €inal version of the EL-MK 15/16 RTA used a different set of
offgassing equations than the initisl versicn 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 outaide of the tested depth/time domain. However, it should be
kept in mind when reading tnis report that the points in the dive where the
varning status turngs off will be different in the production wversion cf 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 ¢ 5 in no way
affects computation of the decompression schedule. The aj. : .. < =11
continue to update the divers decompression status in anc.. : > . .r even
though the warning status has activated. The safety of t1 = .., -+ ~a will not
change suddenly once the tested limitzs have been exceeded, . . .’ will
have a safety margin from the time the warning status is .. -+ mitil they
are in areas vhich might have on increased DCS incidence. * - .o t.ty margin
allows the UDM to be used right up to the limits at whicl - SWT fD- 3tatus
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 - . it a-
presyure transducer input capable of being programmed v SR g1 R
algorithm. However, in order to properly test the hardw: © et e
programmed with an algorithm whose characteristics are - . «afined.
This algorithm must test all hardware features and func .. . ze 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 repcrt the UDM's we ... 7o with the
EL-MK 15/18 RTA as currently implemented. This same algec : . - nrogrammed
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 L gram
the UDM.

Depth Accuracy: This is algorithm independent and . comparing
the depth as . splayed by the UDM to a standard of - & mracy.

Iemperature Sensitivity: This is algorithm in< . oo
designed to see if the UDM will maintain depth ot aetion
properly over a wide range of temperatures.
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Batterv Duration: This is algorithm independent and designed to
define battery duration under a variety of conditions.

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

The set of tests described beiow test the functioning of the
microprocessor itself. The algorithm was initially developed using the
FORTRAN programming language on an HP 1000 computer. When programmed into the
UDM, the logic remains the same hut 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
microprocesasor to properly function under operational conditiocas must also be
tested. This testing was as follows:

Brofile 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 legic 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 Iracking, Repetitive No-Decompression Dives: This not only
teats the logic of the program but also the proper switching of the
UDM from the 0.7 ATA constant PO, node to the air mode at the

surface. It also spot checka the surfacing maximum permissible tissue
.tensions.

Profile Iracking, Repetitive Decompregsion Dives: This performs the
gsame basic function as the previous tests but under longer more
extreme conditions. It additionally tests the ability of the
microprocessor to accurately conpute stop times and total time to
surface after a surface interval.

VWarnipg 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 all aspects of the
UDM microproceasor. If zll 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.

LGt URERER UL Y, ol 0GRt Subi L SR L PR R CSUY, LKA CY |



III. EOQUIPMENT LCESCRIPTION
A. U.S8, Navy Specifications. A procurement invitation for commercial

development of a diver carried underwater decompression monitor was solicitsd
for vendors who already had "production or near production" UDM hardware. The
purchasing concept vas to test and evaluate commercially available UDMs which
vhen successfully tested wouid be classified "Approved for Navy Use" (ANU).

The umit 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 decompreasiocn status every 2 seconds using algorithms furnished by
the goverrment. 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. Cage:

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 beiween various algorithm
coding, must be semi-permanent for change if unit is
programmed with different algorithm..

Size -~ no more than 20X larger than current prototype, as follows:
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3.

4.

3.

6.

7.

Acsuracy, Range, and Duration:

Duration - 12 hours with all displays on and fully illuminated

at 29-33°F.

Depth Rangs Accuracy - 0-230 FSW + 2 FSW from 29-93°F.

Maxi{mua Depth - 500 ¥SW.

Microprocesgor:

External input - depth from pressure sensor.

Calculation Accuracy - greater than 23 bit fraction floating point.
Clock accuracy - less than 1 aecond deviatlion/hr 29-93°F.

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

Reprogramable or replaceable ROM upon disassembly.

Mlaplay output availsble froa edge connector on circuit board for
azceptance testing and maintenance (this allows accurate
monitoring of all display fuanctions during testing without having
to visually check all units).

Displaya: All displays under -progrsm control.

Type: Iiluminated background LCD contintiously on with system

on/off awitch.

Disnlay Readouts 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
firct excuraion below 3 FSW).

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

Time at stop minutes (2 digits) (total time required at current
stop depthh until SAD decrements t¢ next shallower stop).

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




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

Battgry - 70ltage level indicator.

8. Malntenance Features:
¢ Battery pack replacement or rechargeable.
® Disasaembly of electronics from case.
o Easy replacemert of ROM (socketed).

¢ Pressure transducer threaded to accept standard fitting (feor
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 preasurizing the UDM in a chamber. A
pressure gauge attached to this vent line external to the
chamber wnuld 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. Manufacturers. Procurement bids were accepted from tnree
manufacturers, listed as followa: .
ORCA Industries, Inc.

495 Bellevue Road
Diamond State Industrial Park
KRewark, DE 19713

Divetronic Instrumeuts
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. Testinﬁ of the
Tekna prototype UDMs was not complete at the time of report production.
Evaluation of these units will be the subject of another report.

C. Functjopnal Specifications Supplied bv the Manufacturer

1. ORCA UDM. The ORCA Prototype UDM is a modification of a
commercially available product, the ORCA "EDGE" (Electronic Dive Guide).
Primary modifications involve inclusion of the U.S. Ravy EL-MK 15/16 RTA,
modification of the pressure transducer to monitor depth to 230 FSW, and
changes in the diaplay information ard display functioning per U.S. Navy




~ specifications. An {llustration of the CRCA Protorype UDM is provided in
Figure 1. Actual specifications are provided below. A further discussion of
actuval apecificztions including an unmanned dry human factors evaluation is
provided as Appendix H.

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

Cage Material: anodized, cast aluminum alloy

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

Straps: Velcro® 12.1 x 40 cm. Slotted throu;h four 1.9 cm long
stainless steel pins on the bottom of the case

Display Screen Size: 5.2 cm x 4.3 cm, covered by a glass face
recassed 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 Availadble: total time of dive (hours:minutes),
present depth (FSW), safe ascent depth (FSW), time at stop
(hours:minutes), total time to surface (hours:minutes)

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

On/0ff Switch: magnetic flip-switch, plastic, 4.1(L) x 0.6(W) x

|

r Battery: 9 volt alkaline
0.5 cm, small detent with nub extending out 0.1 cm from the switch
providing a friction hold device

Weight: 757 grams with one battery and two wrist straps installed

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

Display output avajlable via edge connector on circuit board.
Removable plug for leak check.

} Display backlighting; manﬁfacturer 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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ORCA Prototype UDM

Figure 1.




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

Eprom socketed for ease in chanzing 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 informatioca and display tunctioning to meet U.S. Navy
specificacions. A backlighting aswitch 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 1is provided in Figure 3. Actual specifications are provided below. A
further discussion of actual specifications including an unmanned dry human
factors evaluation is provided 28 Appendix I.

Case Size: 14.5 cm wide by 8 cm tall by 11 cm deep
Case Material: injection wmolded contoured black plastic
Case Color: Black; gray display face molding

Straps: Iwo rubber straps witch 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 s.parate LCD displays, each measuring 3.9 x
1.3 cm. Safe ascant depth and time at stop are two scparate LCD
displavs measurirg 1.9 x 1.3 cm.

Display Lettering Tvpe/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 Indicetion: all LCD lettering blinks on and off

On/0ff 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

10




Figure 2. DIVETRONIC Prototype UDM
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Weight: 2 1lbe. 3 ozs. (992.1 gram) in the dry with batteries and
wrist straps installed.

The following U.S. Navy specifications were not providel on the Divetromic

Dicplay output available via edge cunnector on circuit board.
Removable plug for leak check.

Velcro fasteners to attach unit to users forearm. Rubber straps uszd
ingtead.

Battery voltage indication. Kot provided when submerged.

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

Prom socketed for ease in changing algorithms.

Safe ascent dcpth‘dinplay‘in 2 digits (100's, 10's); diaplay only
capable of showing 2 digits (10's, 1's).

Graen ligl't compliance featurs functional per U.S. Navy apecificat;one.

Depth capability 0-230 FSW; pressure transducer "pegs out" at depths
from 21% to 222 FSW.

IV. IEST ZROCEDURE

UDM teating vas conducted per NAVSEA Task 84-04., TFigure 4 illustrates the
test equipment set-up. A small 3¢.hleham 1000 psig unmanned test chamber was
used to pressurize UDMs to depth. Each UDM was immersed in a saltwater bath
in vhich glycol was 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 UDM algorithm functioning with the EL-MK 15/16 RTA contained within
its programming. The real time decompression achedule computed by the HP 1000
computer using the MK 15/16 RTA waa the standard to which UDM profiles were
compared. A Heise model 71la digigauge calibrated within + 0.1X 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 vas monitored throughout the test. UDM display information was
monitored either visually through the chamber port or via a video camera with
remote diaplay. 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.

13
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A. JTsat Plan. Appendix A provides the rest plan used as a guideline for
the test series. UDM teating was conducted to assess pressure transducer
accuracy and stadbility, and profile tracking per the EL-MK 15/16 RIA. A
temperature sansitivity evaluation wvas conducted by running the presaure
testing at 29° and 93°F. Watertight integrity wvas asaessed by disassembling
the units in order to check for leakage prior to an¢ at the conclusion of a
S00 FSW and 230 FSW watertight integrity test and at any time that a unit
failed to function. A human factors evaluation was conducted to asseaa
readability, display functioning, ease of operation, and buoyancy.

1. Teat One: Pressure Tranaducer Accuvracy/Temperature Sensitivity.
Six wiits 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 readinga. The UDMs ware immersed in z saltwatsar bath in vhich glycol
vas added to prevent freeze up. BEach unit was tested in this manner at 93°F
and 29°F water temperature. Six dives were plotted on each unit at each wvater
temperature. UDM depth readings vere compared to chamber depth to assesa
pressure tranaducer accuracy. Development of teat procedurea, 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 saltvater bath in the Bethlehem chamber and
dove to 230 FSW, atopping at 50 FSW increments for 30 minntea 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 93°F and 29°F water
temperature., Six divea were plotted on each unit at each water temperature.
UDM depth readings wvere compared to chamber depth and vere 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 ronducted, 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 displaya 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 MN1604 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 batteriues maintained at
room tamperature prior to installation. Times of lov battery indication and
battary depletion vere recorded. Battery depletion alwvays resulted in a bdlank
display.

(2) Phase II. ORCA UDM dattery duration, test, Durccell
battery. Two UDMs were taated with batteries which wvere installed immediately
after removal from the freezer. Two units were tested with batter.as
maintained at room temperature prior to installation. Times of low battery
indication and battery depletion were recorded.

(3) Phase III. ORCA UDM battery duration test, freezing
conditiona. Two writs with unfrozen (roor tenpevsture) BA-90 Rveready
batteries inatalled and two units with unfrozen Duracell batteries installed
vere turned on and placed in a freezer at 10°F until battery depletion
occurred. Times of low battery indication and battery depletion were recorded.

b. Divetronic UDM. A single Divetronic UDM (889) suffered a SAD

diaplay failure prior to the dattery duration test phase, dut 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 verse
conducted. Testing was conducted at 1 AT., except for Phaae II, which

‘ included an initial dive to 15 FSW for 24 hours, and Phase IIJ, which included

| . nultiple short dives. Testing included backlighting on and backlighting off,

i as well as 4 hour and 5 hour charge timea, and various intervals between

) charging and power activation. Phase V evaluated dattery duration in freezing

‘ conditiona. The Divetronic UDM provides a lovw bat:ery warning by blinking all
LCD numerals on the display. Times of low battery indication and battery
dapletion were rounded off to the nearest hslf hour.

I

|
(1) Phass I. Backlignt on 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 atarting

l the teat. Power ana lighting vere left on continuously and the unita obgerved

| for low battery warning indication and power depletion. Battery packs vere

r considered depleted upoa odservation of obviously incorrect display data,

\ erratic display informetion, or blank display. Elapsed times tc battery

warning and battery depletion vere recorded.

|

|

|

i

i

f

|

!

|

(2) Phase II. Backlight off battery duration test, powver
activation 24 hours after charge. All units were drained of power and charged
for 5 houra., 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 I1I. Backlight off battery duration test, power
activation 72 hours after charge. All units were drained of power and charged
for 5 hours. Seventy-twc 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. Backiigh” off battery duraft - N

activation 120 hours after charge. All units vwere drained = - +. am
charged for 4 hours. Manufacturers recommended charge tim: ) . hours.
A 4 hour charge time coupled with 120 hours elapsed time £ - > :: charge
to test start up was conducted to evaluate these two worst - - -3 ! rions.,
Elapsed times to low battery warning and battery depletion . -  '¢.;'ud.

(5) Phase V. Backlight off low temperatu - ::*i2.% Jur tion
test. All units were drained of power and charged for 4 hm =~ ty-‘sur
hours had elapsed after charging prior to starting the teat, .. ‘v \ ;% 211
units were placed in a freezer at 10°F until power depletion - .+ = .

Elapsed times to low battery warning and battery depletion wec~ .. s

4, Test Four: Profile Tracking. If the UDM pressire tcauzu.
monitors the same depth as the Hewlett Packard (HP) 1000 M-series compuu'rt,
the UDM decompression schedule should be the same as th2 HP 1000 wecompro <sisn
achedule, providsd the UDM had been programmed correctly. This tes:t was
designed to determine whether any deviations which occurred vere the resul of
programming errors rather than pressure transducer depth inaccuracies.

In order to confirm that the UDM's had been correctly pyngrammed, the {Di
depth and the depth monitored by the HP 1000 computer had to be exaccly ile
same. Since depth errors of up to 4 FSW were noted during pressuze <rarsduce.
accuracy testing, a modification to the test procedure had t¢ be w.d:. s0 ¢t
the UDM and 4P 1000 depth coincided. This was done by adjusting tha Validvne
pressure trausducer so that the HP depth was the same as UDM depth. Since
both UDM depth and SAD had to b2 menually entered into the HP 1000, oni. .ne
UDM could be tert2d at any given time, iimply because the technicisas cov 4
not keep track oi aiy move. The time required to complete this phase of
profile tracking was therefore lengthened considerably.

Manuai adjustment of the Validyne digital transducer and manual
programming of UDM depth and SAD information into the HP 10CU compute:r during
dive conduct resulted in a variable level 2f himan error which impacted on ihe
precise accuracy of test results. Technician error was kept to . winimum dy
careful training and by utilizing two technicians on each dive whe:. 3equired,
especlally during long or deep dives. When noticeable human er»o1 occurred
vhich adversely effected test data accuracy, the dive was :bortsd und
restarted. Aborted dives also occurred during the pressu:s traiciveer test
phase, and resulted in considerably more hours being logzed on each UDM than
the test data enclosed in this report indicates. Aborted dives increased the
time required to complete testing, but resulted in an improved evaluation of
UDM reliability under long term handling and repeated pressurization. The
element of human error will continue to be a factor which ¢ffects the precise
accuracy of UDM testing until a method of direct interrogacion of UDM
programming is developed. Overall, manual programming of test data as was
done in this 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 UDM display
functioning will have to be provided for checking fleet issuec UDM's on a
periodic basis.
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Dive profiles which invoived decnompression followed the profiles as
computed by the UDM'as. In many casec 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) ducompression schedule. As long as the
algorithn is computing a decompression schedule for a constant 0.7 ATA POp
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 UDM wvas 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 vhich focused primarily on warning status changes. This
gave a mors comprehensive evaluation of warning status functioning.

The following profile tracking tests were conducted:

) a. Repetitive No Decompression Dives. When a diver is using the
UDM, 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 breathing
air, the algorithm assumes a POy 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 problem because the PO, 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 PC, is .7 ATA. The repetitive dive
test is designed to evaluate the UDMs switch from PO; of .7 ATA to a POy of
.21 above 3 FSW s well as to evaluate UDM repetitive no decompression dive
profile tracking accuracy. This test &lso provided data on single no
decompression dives, therefore a separate test series on single no

; decompression dives was not conducted. The test profiles are as follows:
i (1) 66 FSW No Decompression
y 1 Hour Interval at 2 FSW
r 120 FSW No Decompression
j (2) 60 FSW No Deccmpression
ﬁ 1 Hour Interval at 5 FSW
120 FSW No Decompression
E Each unit was tested once on each of the above profiles at 29°F water
‘terperature. UDM depth and SAD values were manually entered intc the HP 1000
i computer throughout the dive for & comparison of UDM algorithm functioning to .
the FI. MK 13/16 RIA programmed into the HP 1000 computer.
b. Decompression Dives. Each unit was tested on eacii nf the
E prefiles listed below at 29°F water temperature. Each unit was also tested on

profile (1) at 93°F. UDM depth and SAD values, as well as warning statur
fanctioning information was manually entered into the HP 1000 computer
throughout the dive for a comparison of UDM algorithia functioning tc the

18
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EL MK 15/16 RTA programmed into the HP 1000 computer. Although 175 FSW is
deepar than would be dove operationally, the 175/60 profile was tested because
it usesc moat of the MPIT values in the algorithm.

(1) 175 Fsw 60 Minutes
(2) 150 FswW 30 Minutes

c. EKepetitive 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 FSwW 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
uvworkable, 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 5AD secures flashing on UDM
into HP 1000 computex. Verify that
HP 1000 computer warning status
indication is off.

Descend until UDM SAD resumes flashing and HP 1000 computer
warning status is activated. Dc not exceed a maximum depth of 150
FSW. Enter tim2 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 29°F
water temperature,

5. Teat 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. 4ll aix Divetroniz 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 trausducer accuracy at ambient temperature.
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6. Test Six: 500 FSW Watertight Integrity Test. Five Divetronic
units and three Orca vnits 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 7
of 230 FSW for 24 hours. Three Divetronic units and two ORCA units were 7
compressed to a depth of 500 FSW for 24 hours. Upon dive completion those
units vhich continued to provide display information were dove to a depth of
227) FSW stopping at 20 FSW increments on descent and ascent to evaluate
pressure transducar 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 %esting and had beer opened and checked
l 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 Decompreasion

An evaluation of depth and profile tracking accuracy from the repetitive
no decompressiorn dive, as well as an internal inspection for damage or 1
leakage, provided data on any damage which may have occurred to UDM 1
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 10°F 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 unj: was
still submitted to the test to evaluate depth and display functioning, as well
as watertight Iintegrity 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
wmits 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. IEST RESULIS

A. ORCA UDM. During Long Term Stability Testing (Test Iwo), UDM 1172 and
1170 failed to troack depth accurately. Unit 1172 displayed 13 FSW at a depth
of A0 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 under 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 NEDU that a
transducer oil refill may be required whenever a depth of 230 FSW is exceeded,
and this is a simple operation vhich 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 REDU, 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 Prassure Transducer Accuracy Test
(Test One) and Long Term Stability Test (Test Two) to a maximum depth of 230
4 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 finally 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 o0il 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 in 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 during initial testing
(0107, 1171, 1173, and 1190).

1. Pressure Transducer Accuracy/Temperature Sensitivity Tests.
Appendix B provides test results for pressure transducer accuracy dives at
29°F and 93°F 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 3 2 FSW to a depth of 230 FSW, but
occasionally deviated as much 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.

Qverall, 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 93°F than 29°F, 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 daviation was usually deeper than true depth except for unit
0107 at 180 FSW and below where it was shallower (Figure B6).

During 93°F 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 UDM 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. i

2. Long Term Stability/Temperature Sensitivity Tests. Appendix C
(Figures C1--Cl12) provides test results for long term stability dives at 29°F
and 93°F 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 93°F, 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 Cl1 through Cl2 provides the results of Long
Term Stability Tests (Test 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 Test One. Unit 1172 read 3 FSW deeper when out of the 2 FSW
specification. Unit 0170 read 3 FSW deeper in this test (Figure C2), but 3
FSW shallower in Test One.

It is apparent that when units functioned, depth tracking accuracy was
acceptables, 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 injtial 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 deaign modificationa. These modifications should be incorporated
prior to the major inveatment 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 Bveready carbon-zinc Mil 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.

UNIT 1171 UNIT 1172 UNIT 0107 _UNIT 1190
Low Low Low Low
Battery| Battery |Battery| Battery |Battery| Battery |Battery| Battery
Warning Warning (Warning |Depletion
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 Mil 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.

Unita 1171 and 1172 utilized batteries taken directly from the freezer. Units
0107 and 1190 utilized unfrozen batteries.
UNIT 1171 UNIT 1172 URIT 0107 UNIT 1190
Low Low Low Low
Battery| Battery |Battery| Battery |Battery| Battery |Battery| Battery
W DepletioniWarning!Depletion|WarningDepletjon|Warning{Depletion
80 89.5 62 89.5 62.5 75.5 65 75.5
hours hours hours hours hours hours hours hours
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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 Mil Spec battery
duration under freezing conditions. BA-90 Eveready Mil 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 UDMs were
maintained at room temperature prior to power activation, at which time they
were placed in a freezer at 10°F 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 10°F air temperature adversely affects battery output in both
battary 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
& 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.

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

.. should be noted that a new battery can be installed in the ORCA UDM
witrc. losing the memory from preceding dives. An auxiliary battery clip is
1 prov. :1 for this purpose. Battery changes must be conducted on the surface
| in a environment.

5. 500 FSW Watertight Integrity Test. ORCA UDM 1171 was exposed to 4
depth of .30 FSW for a 24 hour period and units 1190 and 1172 were exposed to
a depth of 500 FSW for a 24 hour period. Unit 1171 was found to be flooded
upon d* - surfaciag. The location of the leak was not apparent. The severity
1 of the tioodout 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
l 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 ORCA units during previous testing. The
slight leakage resulted in electronics contamination (salt water corrosion)
and display failure. BEven very slight leaks which result in water contacting
the electronics created very rapid electronics corrosion vhen the unit is
povered up, normally resulting in display failure. Units 1190 survived the
S00 FSW dive and was then successfully teated for presgsure transducer accuracy
and display functioning at 20 FSW intervals during descent and ascent to a
depth of 220 FSW. Test reaults provided below show similar functicning to the
preasure transducer test series (Appendix B).

—UDM 1190 Depth (FSW)

-Chamber Depth (FSW) | Descent | | Ascent 1
0 0 0
_20 19 19
40 39 39
60 59 59
80 80 79
100 100 99

120 120 | 3120
140 © 139 139
160 159 159
180 179 180
200 199 199

220 219 -

6. Four Foot Drop Test. The single functioning ORCA UDM (unit 1190)
remaining from previous testing was dropped from a height cof four feet on a
concrete floor, impacting on the display face side of the unit. The wnit was
then submitted to a 60 FSW no decompression dive, one hour surface interval,
and 120 FS5SW repetitive no decompressioan dive, and was found to functicn
acceptably, zccurately monitoring depth, no 1ecompression time, and dive
time. MNisplay information was clear and no damage to the case or display face
was found after careful examination. No 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 programmad during this dive, on the profile
indicated above,

7. Display Functioning and External Hardware. Figure 5 provides a
drawing of the ORCA UDM display layout. Appendix H provides further
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ORCA UDM Drawing (not to scale)

Figure 5.
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illuatrations 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 which
appears as soon as the unit is turned on. On the lower left hand corner the
number N1 appears, signifying the Navy program designation. Several seconds
after turning the unit on the diaplay 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 vhich was epoxied to the case. 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 psttern and self-check function are
complete:

Dive Time / B
Depth / Stop Depth
Stop Time
TIS

Rote (1): B = battery warning (blinking asterisk which signifies
proper operation changes to a flashing "B" te indicate low battery)

Note (2): TIS = 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 drovided on the ORCA commercial unit but were removed for the U.S. Navy
prototype because these displays were not required dy U.S. Navy specifications.

a. Stop Depth and Stop Time Display Displays. When a 10 FSW
decompression stop is incuirred, the "stop depth" display changes from "0" to
*10" and the "stop time" display changes from "0:00" to "0:51" 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 re=starts from
"0:01" each time a deeper stop is incurred and continues to count vpward in
whole minutes. This process continues until the UDM depth decreases
sufficiently to provide adeguate 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 statuas or allow surfacing. if the UDM rises shallower than
the SAD the UDM "stop depth" and "stop time" displays will blink alternately,
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
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 maximum SAD (“atop depth") activation, the "astop depth" and "stop
time" display began blinking the word "ASCEND", initiating once every two
secondas for one second duration. This is the "PAO" warning status. The
maximum "stop depth" value achieved during testing was 150 FSW. The ORCA
UDM's capabdbility to achieve desper "stop depth" (SAD) values vas not tested,
and would not occur during normal operations. Vhen the decompression "stop
depth" is achieved, the blinking "ASCEND" ceases.

b. Total Time to Surface (TTS). The IIS display indicates total
time to surface assuming the diver begins immediate decompression. U.S. Navy
specifications requires that this display correspond to an ascent rate of 60
feet per minute (FPM) (plus stop times), however this time can be as much as
59 seconds in error because the display reads in hours and vhole minutes per
U.S. Navy specifications. When a depth of 1 FSW is achieved during a
no-decompression dive, the TIS display reads "1" (minute). At a depth of
61 FSW on a no-decompression dive the TIS display switches to "2" (minuteas),
and 80 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 itaself.

c. Dive Time Display. This diaplay indicates the total time of
dive in hours (two digits) and minutes (two digits) per U.S. Navy
specifications. This diasplay counts up in vhole minutes from zero once the
UDM reaches a depth of 3 FSW on descent. The timer will "freeze" if ascent is
made to 2 FSW. 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 atill remained when diver surfaced) and any
repesitive 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 diaplay
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 ia rotated 120 degrees to activate power. This switch seats itself
against the case. 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 znd moved it to an approximate angle of 20 degrees from the bottom
cf the case, toward the divers arm. If this occurred, the UDM memory of the
preceeding dive profile would be lost. Therefore installation of a switech
locking device is considered appropriate. An optional "holster" is provided
with thia UDM which enables it to be carried on a high pressure hose or
lanyard. 7This "holster" could be modified for use with straps, and would
prevent accidental flipping of the on/off switch. Refer to Appendix H for
further discussion and more detailed illustrations.
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The instruction manual wvarns that the magnetic flip switch will affect a
compass if it is held within 50 cm of the unit.

f. Battery Inastallation Connection. The battery clips are
configured a0 that the battery cannot be installed with reverse polarity. An
suxiliary clip ia provided so that a fresh battery may be installed during a
surface interval wvithout losing the memory from dives within the previoua 12
houra. The battery compartment was found to be reliably watertight during
testing.

B. Divatronic UDM. During the initial phase of testing, unit 836, 215,
795, 861, and 864 failed to track depth accurately. Depth inaccuracy
increased with depth, vere common at all depths, and varied from true depth aa
much a8 2 FSW at 10 FSW chamber depth, with proportionately increasiig errora
common as depth increased, to a maximum error of 26 FSW on two units at a
depth of 230 FSW and 25 FSW on two units at a depth of 220 FSW. These
inaccuracies vere repeatable on each unit. Only one unit (889) proved to be
accurate vithin specifications (except for the 230 FSW depth). The units were
returned to the manufacturer for evaluation and repair. No explanation as to
the cause of these diacrepanciea 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
teat,

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

1. Pressure Transducer Accuracy/Temperature Sensitivity Teats.
Appendix B (Figures Bl2 through B24) provides test results for presaure
trangsducer accuracy dives at 29°F and 93°F vater temperature. Examination of
the date 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 29°F 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 FSW occurred at depths of 190 FSW and deeper, but were
not common. The shallowest depth for errors outside of the +2 FSW
specification was 130 FSW. It is noteworthy that at 29°F water temperature to
a maximum depth of 210 FSW, only one UDM ever provided a depth reading
shallover than chamber depth, and this occurred on only cne 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 meximum 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 29°F 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.
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Ovefall, depth readings deeper than actual depth were much more common
than depth readings shallowver than actual depth. Depth readings vere more
agourate at shallowver deptha. The UDMs were slightly more accurate on descent
than on ascent, and were more accurate at 93°F than 29°F, although at 29°F the
uwnits displayed & deeper depth vhen a deviation occurred. All UDMas read zero
on tha surfuca.

Tha Divetronic UDM performed well down to 210 FSW. Inaccuracies delow
thia depth did not effect shallower accuracies, suggesting a mechanical or
logical limitation.

2. Long Term Stability/Temperature Sensitivity Tests. Appendix C
(Figures C13 through G24) provides test rasults for long term stability dives
at 29°F and 93°F vater temperature. Examination of the data shows that depth
readings did not vary more than & 1 PSW during the 30 ainute hold at each
depth increment. Depth accuracy vas normally vithin -1 FSW and +4 FSW to a
depth of 200 FSW except for unit 836 on dive 4 at 93°F. Unit 836 displayed
198 FSW at a chamber depth of 200 FSW at the end of the 30 minute stop during
this dive. Unit 864 on dive 3 at 93°F degan to decay and finally ceased
functioning at the S0 FSW ascent atop and on the surface after ascent. Unit
864 then returned to normal for the duration of all further tests. The units
huve a depth tracking limitation vhich is shallower than 230 FSW. Normally
saximum depth is displayed as 222 FSW, but varies from 211 FSW to 224 FSW,
All units displayed O at the surface, except for unit §64 on the ome dive
mentioned above.

Long Term Stability Tests resulted in depth tracking accuracy similar to
Pressure Transducer Accuracy Tests (Test One). 200 P5W and shallower errors
vere all deeper at 29°F and -1 to +2 at 93°F (except for unit 864 which failed
on Dive #3 at $3°F, Figure C21).

3. Repetitive No Decompresaion 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 FSW surface interval dive,
the bottom for the 5 FSW surface interval. The surface interval depth would
aot affect the initial no-decompression limit. However, aince the UDM would
assume a 21X dreathing gas for depths less than 3 FSW and a 0.7 ATA breathing
gas for greater depths, the second no-decompression limit would be affected
vhen taking a S FSW surface interval; the no-decompression limit for the
second dive will be longer than taking a 2 PSW surface interval.

The differences between the Divetionic UDM and the HP 1000 reference for
the 60 FSW no-decompression limit ranged from the Divetrcnic UDM having a 132
second longer to a 34 second shorter no-decompression limit. Since the depth
for both the HP 1000 and UDM was only accurate to i1 FSW, a depth difference
of 1 FSW between the two would not be noticed. At 60 PSW this would resul: in
at least a 3 minute difference in no-decompression time. Therefore the
difference in no-decompression times between the HP 1000 and the UDM are well
within the minimum depth accuracy limits.
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The cloase tracking of SAD switches between the two profiles showad the
switchover from 0.7 ATA to 21X O, at 3 FGW to be working properly. All time
differences were well within limits impcsed by the 1 FSW minimum depth
difference and wera judged insigrificant in terms of decompression stress.
There was un evidence of any cumulative error.

4. Decompression Dive Profile Tracking Tests. Appendix E provides
test results for decompression dives. Evaluation ¢f 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 O seconds to +76
seconda compared to compuiter SAD change times. UODM SAD change times duricg
decompression varied from -134 seconds to +102 scconds. These changes ar:.
within the :1 FSW depth resolution.

Dive profile a. at 93°F water temperature was the last dive cond :cted of
the profile tracking test series, although this is not reflected in the
gsequence of data provided in this report. Unit 889 failed to pre.iide 8.9
information during this dive, although the depth and time displzys eoatinued
to operate. Failure of this unit prevented collection ¢f test dats only =~
the 175 FSW for 60 minute dive at 93°F, on the mud test, and on the four foot
drop test. Cecllection of battery duration test data was still possidle.
Evaluation of the data from dive profile a. at 93°F on the fis¢ units which
diac not faii shows that UDM SAD change times at maximum dive de: th varied irca
42 seconds to +78 seconds compared to computer SAD change times. SAL chaage
times during decompression varied from -100 seconds to +118 seconds,

During dive profile b. (150 FSW for 30 minutes at 2¢°F water temr rature)
UDl: SAD change times at maximum dive depth varied from +2 seconds to +42
seconds., UDM SAD change times during decompression varied from -40 ser~md3 to
+18 seconds.

Overall, UDM SAD functioning was considerably more accurr:: .+ = .. ‘g
dive depth than during decompression. This 1is consistent wig¢r - -4y T otime
periods required for SAD decreases to occur during deec - - . . c¢he
surface as compared to the more rapid SAD increases at = ... . o0 FSW
dives resulted in greater SAD functioning accuracy tha - . ... . iives.
This may be due in part to the greater frequency of SA. & . -~ ‘S FSW
(SAD values up to 90 FSW) and longer decompression time. .. :  :« .=a: !.ls
depth., These factors were also a function of the longer ..- R
175 FSW. Although the maximum overall UDM SAD change devt. - ... ©+ .- during
the 175 FSW dives was -134 seconds and +118 seconds, thi«< ¢ - | .. = is
excessively deep &nd long, and these time differences are ' v 1thin the *1

FSW depth resolution. The UDMs were slightly more accurate at 29°F water
temperature than at 93°F water temperature.

UDM warning status data is charted along with SAD - ‘tic.ing datu on the
decompression dive profile tracking dives in order to » .. 'dr a bettar overall
evaluation of warning status functioning. An evaluati: . 3z “uming status
data is discussed in the waining status test result sert . ¢ t1is report.
The large discrepancies in warning status changes whick we-urved during
testing cnvered in this section are attributed to obsrsv .tiou erzors 2n the
part of test technicians.
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S. Repetitive Decompression Dive Profile Tracking Tests. Appendix G
providea teat resulta for repetitive decompression dives. Twenty SAD changes
occurred on esach profile. The maximum SAD was 5C I'SW. Evaluation of SAD
functioning data indicates that the time differences observed between the
HP 1000 and the UDM are within the differences expected for a 1 FSW depth
difference, indicating proger 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 dive: data sheeta (Appendix F) and repetitive decompression dive
data sheets (Appendix G) in order to provide a better evaluation of warning
status functioning. The warning status data collected during these dives
proved to be innacurate, so Appendix H provides a more specific focus on UDM
i warviag 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 ar 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 ¢ FSW during decompression. During the repetitive
decomprassion dives, the warning status resumed at approximately the same time
that the UDM SAD changed from O FSW to 10 FSW at maximun dive depth, on the
repetitive dive. Although the test data does not indicate that this is
precisely the case, interviews with the test tachnicians who recorded the data
suggests that during decompression dive profile b. and repetitive
decompresaion dives, teet technicians focused on SAD infoimaticn recording
during the long, up to seven hours duration, dives. Occasions occurred when
wvarning status information was not properly recorded due to inadvertent
oversite by teat technicians. This is apparent in Figure F1 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 FSW 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
varning 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

h 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
atatus functioning except for the re-initiation on UDM 861, which occurred at
the same time as the compater. Minus 2 and +4 second time differences may be
attributable to test techniciun time delays in programming warning s-atus and
derth change information into the computer.

7. Rattery 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 provided below. All times are rounded off to the nearest
half hour.

Upit 215 | Unit 795 | Unit 836 | Upit 861 | Unit 864 | Unjt 889

Low Battery!| 14.5 14.5 14 i2 11 12
Warning | hours | hours | hours | hours | hours | hours
Battery 17.5 16 15.5 13.5 11.5 12,5

Depletion | houxs | hours | hours | hours hours hours

The U.S5. 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. Phase 1I. Backlight off battery duration test, power
activation 24 hours after charge. Elapsed times to low battery warning .
indication and power depletion are provided below.

Unit 215 | Unit 795 | unit 836 | unic 861 | Unit 864 | Unit 889 |

Low Battery 80 8l 79 65 84 65
mmim___hm___hgna___hmm_,_hm:L__hum__L_hmu_
Battery 90 85 81 70.5 85.5 67

Depletion | hours | 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.

Unit 215 | Updt 795 | Unit 836 | Unit 86] | Unit 864 | Unit 889

Low Battery 75 76 68 65.5 80 62
Warning | hours | hours | hours | __hours | hours
Battery 81 81 74 78 83 64

Depletjon | heurs | hours | hours | hours | hours | hours
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d. Phase IV. Backlight off battery duration test, power
&ctivation 120 hours after charge. Elapsed times to low battery warning
indication and battery depletion are provided below.

Unit 215 | Unit 795 | Unit 836 | Unit 861 | Unit 864 | Unit 889 |

Low Battery| 67.5 46 59.5 20 70 72
Yarning hours hours _houras | hours | hours | hourg
Battery 83 63 70 48.5 80 83

Depletion | hours | hours | hours hours hours nours

The 120 hour delay in power activation after a four hour charge did not
result in pronounced reductions in battery duration during this test rum,
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 10°F air temperatures are provided below..

Unit 215 | Unit 795 | unit 836 | unit 861 [ Unit 864 | Unit 889 i

Low Battery 90 47.5 47.5 16 52 58.5
Eamm__mLL__hgnm_u__hnnu_L_nmm__hm.a__h&m_

Battery 95 75 76 26 62 70 i
Depletion | hours | hours | hours | hours | hours | hours

It i3 noteworthy that the environmental extremes provided during the test
did not result in pronounced battery depletion, except for unit 861 which
8till 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 result 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 ATA, providing 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 completioi.

Overall, battery duration times from unit to unit during backiight off
tests varied from 26 hours 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.

34

NGB IO T AT RN S0 DO A O B ACGOBONOOON 00N



8. Mud test. A comparison of Divetronic UDM depth readings to
chamber depth is provided below. The resultz deronstrate 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 Depth Reading

Depth (FSWHI Unit 215 | Unie 795 | Unit 836 | Unit 861 | Unit €64 | Unit 889

20 19 19 19 19 18 19

40 39 39 39 40 39 40

60 29 59 59 59 59 59

80 80 80 80 80 80 80

100 100 100 100 100 100 100

120 119 119 119 119 119 119

1490 140 140 139 140 14C_ 140

— 160 159 159 159 160 159 160

180 189 i80 180 180 180 180

200 200 . 200 290 200 200 200

220 220 220 220 220 220 220

240 222 222 222 _222 222 222

9. 500 FSW Watertight Integrity Test. Divetronic UDM 215 and 836
were exposed to a depth of 230 FSW for a 24 hour perind 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 testing. 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 duriag
previous testing, but otherwise perfermed 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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Chamber _UDM Depth Reading
Y T
20 _20 | 20 201 201 201 191 19 ] 19| 19
40 40 | 40 | 40| 40| a0 ] 40| 390 ] 30 ] 39 39
60 60| 60| 60| 60| 601 60| 59| 59 | s9 59 )
80 81 | 81 1| 280 80 80 81 | 80 | 80 { 79 79
100 100 | 101 1 100 ! 100 } 101 | 101 | 100 | 100 99 9
— 120 11211121 1120 1 120 } 121} 121 } 120 | 120 | 119 | 120
140 141 | 141 | 140 | 140 | 140 | 141 | 140 | 140 | 139 | 140
160 161 | 162 | 160 | 161 | 161 | 160 | 160 | 160 | 160
180 | 182|182 /180|281 |2182} 182} 181 ) 281 | 180 | 180
200 1202} 202 | 200 201 { 202 | 202 | 201 { 201 | 200 | 200
) 220 222 | - |2z0] - = l221] - [22] -
| = Descent
T = Ascent

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
UDM display layout. Appendix I provides further illustrations of external
hardware. '

36

BTN R S R M AR e S A




desaturation--time h: min

C__ O

L dive— S.Bm )

- -,

_ N
| bmco.lmwmh.i

@mambﬁ SEm

DIVETRONIC UDM Drawing (not to scale) .,

Figure 6.
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. @. SAD display functioning. At 1 ATA the SAD time ("min") and
depth (“ft") displays ucroll no decompresasion time limits for various depths
a8 outlined below.

ISy No Dacompression Time (Minutes)
i 30 99
- 40 99
50 99
%’ 60 73
70 51
80 . 39
90 32 .
. No decompression time limitas are only provided to a depth of 90 FSW
‘E bacause the SAD display only provides two digita (10's, 1's). U.S. KRavy

specifications called for 2 digits (100's, 10's). At 30, 40, and 50 FSW the
UDM scrolls a no decompression time of only 99 minutes because the SAD "min"
display (time at stop) is only capable of showing two digits (10's, 1's),
vhich is 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
UDM 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. Vhen the UDM no decompression count down
function reaches 0 minutes, the 10 FSW SAD activaticn will not occur until the
given amount of additional seconds (less than one minute) expires.

The no decompression time 1limits are only representative as a guide for
general planning purposes. The the ro decompression times scrolled on the UDM
display prior to the dive or during surface intervals between repetitive dives
assume the entire u-<oming dive will be spent at the given depth, and do not
include descent ti. 3 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 beiin 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 only provided during a surface interval.

During a no decompreasion dive the UDM counts down the remaining no
decompression time limit for the actual depth shown in the UDM "depth"
display. This information ‘s provided in the SAD "min" display in whole

minutes. Meanwhil: e 5. ‘ft" display shows two dashes, as illustrated
below:
Depth Display -~ I DEPTH l
—60
SAD Display - DECO

STOP FT MIN
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The SAD "min" display counts down by whole minutea until within 5 minuten
and a given number of seconds (less than 60 saconds). At this time the SAD
display begins blinking as it continues to count down to zero. The blinking
wvarns the diver that he is nearing the no decompresaion 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 ~liminated for this function as it
may be mistaken for a we-ning 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 beging 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 vhich 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 begirs coumting 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
decompresgion 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) buat 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 when 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 1light should actually only iliuminate 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 tihe Deco Stop light if UDM 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 decompresasion 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. 1If
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 (ner 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 tha 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 te an ascent ‘ ravel
i rate of 6C 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
deronpression 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 which 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
07 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 wili
Tevert back to zoro (as long as no ascant criteria has been violated, i.e.
decompression time still remaining), and any repetitive dives will be counted
up from gero. 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
provida the total time of dive (15 seconds on. 15 seconds off).

f. Ascent rate light. The labeling provided on the ascent rate
light is "33 ft/min". The commercial version is designed to flash at 2 second
intervils vhen ascending at 33 FPM, increasing the flashing aa ascent rate
increases, with steady illumination if an ascent rate of 66 FPM 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 i{s illuminated due to the ascent rate exceeding 66 FPM, slowing down the
ascent rate to the required parameters will extinguish the light. When
aacending at a rate leas than §6 FPM the ascent rate light will not flash at
periodic intervals,

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

h. Backlighting. The backlighting switch ia located on the
bottom portion of the UDM case under the SAD display. It is a magnetic,
8liding switch which includes a apring 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.B.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
vhen the lighting function is left on continuously. The backlighting switch
wvas found to be easily acceagible 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 Pregsure Tranaducer Fitting. The "dive simulator"
allows the operator to perform pre and post dive checks on the proper
functioning of the unit, ard provides an excellent training aid for unitc
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/0ff Switch. This awitch 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 turnad when wearing heavy thermal
proteccion on the hands.

k. Battery Recharger. The recharg.ng device can be set at 110 or
220 volts AC. An optioaal AT volt DC cigarette lighter charger is advertised
I but was not provide < “ur evaluation. Charging can be conducted with the unit
on so as to retain the memory function during surface intervals between
revetitive dives. Because RiCacd 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 axczed 12 hours by manufacturers recommendation. NiCad batteries
should be stored discharged in a cool environment. Appendix I provides an
illuastratior of the battery recharger.

VI. DISCUSSIOR
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
sujtable 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 discusased herein. The EL MK 15/16 RTA wvas the first computer algorithm
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-N;0;
decompresaion computer algorithms development. Alternative algorithms may
r 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

; vhen working properly. The ORCA UDM 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 N0, or air diving needs. This unit will not meet
He0y diving needs.

2. CPU Performance. The Divetronic CPU functioned satisfactorily and
the units computed the correct dive profile when the depth input was

42




accurate. All errors could be attributable to pressure transducer
inaccuracies. CPU testing on the ORCA prototype was limited, but was found to
be accurate to the extent tested.

3. Displays. Of the two unita tested, the Divetronic diaplay wvas the
- most suitable, Its major shortcomings include the two digit stop time display
and tvo digit safe ascent depth (SAD) displey limitation. In current air or
N0, 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
atops 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 reprogramming will be discussed later. A means of
covering the diaplay (i.e. velcro cover or other meana) 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 aspecifications 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
wvhich required manual programming of UDM display functioning information into
the HP 1000 computer for test data production. Specifically, manual
‘programming 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 UDM testing at KEDU and fleet diving activities.

7. Leak Check Plug. Ths concept for use of a leak check plug is
provided {n Section III.A.8. of this report. Thin should be included in
future models. The UDM would be placed in a pressure chamber with a hard pipe
connected to it through the leak check port, wvhich extends external to the
chamber ard is connected to a sensitive pressure transducer. The UDM is then
presgurized at 30 FSW increments. Initially case coapression will cause aome
pressure increass, but this will stop if there are no leaks. Any leaks will
causs a prassure increase inside the case vhich will register on the presasure
transducer.

C. Suisability for ANU

1. ORCA UDM. The ORCA prototype model UDMs suffered from reliability
problema as a result of vater leakage into the case and failures of the
pressure trinsducer. The watertight integrity and pressure transducer
problems are felt to be inter-related. The commercially available sport
diving model contains a pressure transducer which is capable of a maximum
depth of 160 FSW, Modification of this transducer to meet U.S. Navy
specifications of depth tracking accuracy from 0 to 230 FSW proved to be
unreliable, resuiting in leakage of tranaducer oil inside the case on several
occasions. 7This loas of 0il may have alao affected the watertight integrity
wvithin the pressure transducer cavity, resulting in alight water leakage which
contaminated the electronics. Discussions with the manufacturer indicates
that the blovw by threshold of the pressure transducer may have been altered
with time. When this problem was experienced commercially, shims were
installed which were designed to bring the blow by threshold back into
originally specified tolerances. The new shimmed tranaducer arrangement vas
not tested at NEDU and would require eavaluation for reliabilitcy.

.. The ORCA UDM did not meet several important U.S. Navy specifications.
Display backlighting ia considered essential, and muast 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 evaluation 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. Ravy 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
regsulted in acceptable programming or one unit on one dive, but this was the
only profile tracking test conducted on any of the ORCA UDMs. Ther=fore
extensive dive profile testing is warranted prior to consideration of a new
version of the ORCA UDM for U.S. Navy use.




2, Divetronic UDM. This model is a large, heavy UDM, but provides
highly readable diaplays (including backlighting), ea=se of operation and
maintenance, and acceptable depth and dive profile tracking accuracy in a wide
temperature spectrum. Fallure modes experienced during testing include a
cracked case following a low temperature (10°F) extended duration (from 26 to
95 houra) battery duration test (although battery duration proved to be
acceptable during this temperature extreme), and failure of a SAD display to
function on one wnit, 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 shouid be protected
from harsh environmental extremes above water. High temperatures (above 93°F)
may also have a detrimental impact on the electronics, although this was not
evaluated at REDU. 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 29°F, 93°F,
and ambient salt water temperatures. Elecstromagnetic Interference (EMI)
teating has yet to bhe conducted on these units.

3. Modifications for Improved Compliance with USN Specifications.
The Divetronic UDM can be made suitable for air or N;0, 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 informaticn processing
guidelines. The stop time and SAD display positions should be reversed so
that the 10's digit 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 KEDU 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 1is on. Flashing should occur if either the SAD cr 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 provided as
Appendix J. Additionally, the SAD should be programmed to flash if it reaches
S0 FSW.
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c. Programming: All current control of display fliashing and
warning light functioning should ba eliminated. The displays should read
steady unleas the warning status is activated.

The above modifications will muke the Divetronic useful for N30, diving
breathing a 0.7 ATA POy 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 atop 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 rasult 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 He0, diving the depth range accuracy should be increased to
450 FSVW, .

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.

2. Too Shallow Light: Iliuminates 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 flashing 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 grecn 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 ascernt to tha next stop 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 thzi the SAD the green
light will extinguish. Thus a flashing red with the green on indicates a
wvarning but diver is within algorithm compliance., A flashing rea 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. CONCLUSIONS

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

B. Pending the successful outcome of EMI testing, the Divetronic DM is
recommended for ANU status if the following modijfications are made:

¢ Display reconfigured as discussed in the Modifications for Improved

Compliance with USN Specification in the discussion section of this
report (Section VI.C.3.).
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¢ Reprogrammed with revised warning status algorithm and 40 minute tissue
tension limits, provided as Appendix J.

¢ Future UDMs should conform to the current USN specifications modified as
noted in Section D. Specification Modification in the discussion section
of thils report (Section VI.D.).

e A standard UDM 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 torside UDM may be more appropriate for the rare
instances vhen bounce diving to these depths are conducted. Dives to
these depths might more likely be conducted in a saturation mode.

e Strong consideration should be given to providing a computer interface
inatead 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 micrccomputer linked to the interface should verify proper
UDM functioning and accuracy with a minimm of manpower and effo:t.
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1. Teat Title. MK 15 UDC test and svaluation.
2. Tast Number. 85-37.
3. References

(a) NAVSEA Task Assignment 84-04
(b) NEDU Test Plan 83-17
(c) NEDU 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 NEDJ algoritim. 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 PPOj in Ny Algorithm, designed for use with the MK 15 UBA.
Development of a standard test procedure to be used by fleet units will alao be
required, which may include development of portable test equipment.

5. Progran. Eech 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 cheacked throughout the test, including monitoring of
UDC timekeeping accuracy. The repetition of dives will provide a basis for a
statistical avaluaation of UDC profile tracking accuracy under continuous
handiing. 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, stonping 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 geuge 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 same model simultaneocusly when possible. All units will be
dove six times at each watar 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
msanually recorded at each 50 FSW and at the 230 FSW stop.

c. TEST THREE: 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) 1In 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
contimue until the upnit fails. Those units which do not provide a low battery
1ndic:tion 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 PPO; of .7 ATA in
nitrogen. The standard dive profiles to which the UDCs will be cowpared 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 mamufacturer's unit type will undergo a dry bench evaluation
for conformance to human factors specifications as published in the Commerce
Business Daily. Fhysical 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 donning 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, uaing the Bethlehem
chamber and HP 1000 computer.

ce 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 tesperature 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 Bethlehea 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 saries computer by direct
interrupt control box.

7. Unmanned Test Proceadure

a8+ 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 duration.
(4) UDC timekeaping accuracy.

d. Data to be plotted:

(1) Depth accuracy.

(2) UDC algorithm compliance.




(3) Warning status tae;t.

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

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

(2) 1Insure proper UDC functioning in accordance with manufacturer's
mamial vhen 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) Pregsuriza 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 hattery 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 Leadex: LT C.G. Presswood.
(2) Test Engineer: as assigned.
(3) EDF Bethlehem Chamber Maintainsr/Operator: Mr. D. Cowgill.
(4) EDF Bethlehem Chamber Upersztor: as assigned.

10, Safnty Rules and Precautions. As gspecified by the EDF Operations Manual.

11. Logistic Support

a. Air supply to Bethlehem chamber.
b. Propylene glycol.

Ce Salt.




12, Punding. NAVSEA 06Z.
13. Security. Nightly secure UDCs in locked storage.
14, Report Production. A written report will be forwarded from NEDU to NAVSEA

(00C), with copy to NAVSEA (06Z), within 60 days of the completion of all
required tests.
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TABLE 1

- TEST PROFILES
(NEDU TEST PLAN 85-37)

I. NO DECOMPRESSION DIVES:

a. 40 Fsw

. b. 60 FSW

j co 80 Fsw
d. 100 PSW
| e. 120 FSW
f. 140 FSW

g« 150 FSW

Each dive will be made as a single dive (no repetitive dives). No
decoapression time is defined as all time prior to tha time at which the Safe
Ascent Depth (SAD) changes from O to 10 FSW. The UDC nc decompression time
will be compared with the HP 1000 computer no d.compro:sion 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
be 60 Ft No Decompression
! Hr Surface Interval at 5 Ft
| 120 Ft No Decompression
This teat is designed to test the UDC's switch from PPO; of .7 to FPOy of
«21 at 3 FSW. A cowparison of the profiles will determine proper functioning.
. A graph will be ganerated on one unit during dive, which will indicate HP 1000
computer profile compared to UDC profile. Each unit will be tested at 29°F.
II1. DECOMPRESSION DIVES:
a. 175 FSW 60 Min

be 135G FSW 30 Min




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.
will ba conducted at 29°F.

IV. REPETITIVE DECOMPRERSSION DIVES:
a. 1350 Fsw 30 Min
1 Hr Surface Interval
150 FSW 30 Min

The UDC repetitive decompression prcfiles will be compared to the HP 1000
computer profile. This test will be conducted at 29°F.

Ve WARNING STATUS TEST:
a. 150 Few Until Safe Ascent Depth (SAD) flashes.

Ascend to 30 FSW 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 FSW - Hold depth until SAD flashes, record
elapsed time, decompress to surface, record
time SAD secures flashing.

All UDC profiles will be compared with HP 1000 computer. This test will
be conducted at 29°F.




APPENDIX Bl
PRESSURE TRANSDUCER ACCURACY/TEMPERATURE SENSITIVITY DATA
ORCA UDM AT 29°F AND 93°F

Actual chamber depth and comparative UDM depth readings are charted at
10 FSV increaents during descent and ascent as 29°F and 93°F water
temperaturas. Six dives are charted for each UDM at each water temperature
to a maximum depth of 230 FSW.

KEY:
Figure Bl : ORCA UDM at 29°F Water Temperature, Dive #1

Figure B2 : ORCA UDM at 29°F Water Temperature, Dive #2
Figure BS : ORCA UDM at 29°F Water Temperature, Dive #3
Figure BA : ORCA UDM at 29°F Water Temperature, Dive #4
Figure BS : ORCA UDM at 29°F Water Temperature, Dive #5
Figure B§ : ORCA UDM at 29°F Water Temperature, Dive #6

Figure B7 : ORCA UDM at 93°F Water Temperature, Dive #1
Figure B8 : ORCA UDM at 93°F Water Temperature, Dive #2
Figure B9 : ORCA UDM at 93°F Water Temperature, Dive #3
Figure B10: ORCA UDM at 93°F Water Temperature, Dive #4
Figure Bll: ORCA UDM at 93°F Water Temperature, Dive #5
Figure B12: ORCA UDM at 93°*F Water Temperature, Dive #6
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Figure Bl
PRESSURE TRANSDUCER ACCURACY/TEMPERATURE SENSITIVITY
29°F VATER TEMPERATURR, DIVE #1
10 FSW INCREMENTS
ORCA UDM
Chanber UDM Depth Reading
Depth |Unit 1173 |Unit 1172 |Unit 1171 |[Unit 0107 |Onit 1170 |Unit 1190
$ 11 } 1 } 1 i 1 T L olr
_0l- 0o - ofl-1 of- 0! - =
o Fsw ! 10 1 101 11 {10 { 111211 10110 9 11 10 | 10
—20FSW L 20 320 1 201201 211211 20101204 191201 19 {19
0rsv ;3012304 321324 3431} 301301 304230} 29130
—40 XSW | A0 | 39 | 42 | 4) 1 42 1 42 | 41 1 A1l | 40 | 40 40 | 40
20 ESW | 50 1 49 %) 53*) 52 | 52 { S50 1 50 | 50 | 50 20 | 50
—SOFSW | 60 L 60 | 62 1 62 1 621621 60 ;601 601 601 60 | 60
J0 FSW | 70 | 69 | 72 1 72 1 72 {72 1 70 1701 201 70 ! 70 70
_B.Q_IZS!I__B.Q__l.().___l.z1 82 | 82 80 | 80 | 80 | 80 80 | 80
—20FSW | 90 . 89 1 92 192 1 92 192 1 .90 2901 90190 L 90 190
_loo rsw | 100 | 99 | 102 {102 | 102 {101 | 100 |100 | 100 {100 | 100 li1g0
1o rsw i 110 J110 | 133 1212 1 112 j3312 1 110 {110 4 130 jato | 110 fi10
120 FSW | 120 1120 | 122 1122 | 122 1122 | 120 1120 | 120 .120 | 120 1120
130 FSW | 130 1129 | 132 1332 | 133%(131 | 130 |130 | 130 1130 | 130 |130
140 FSW 140 | 143#1142 | 142 1142 | 140 1140 | 140 |140 | 140 l140
150 FSW | 149 | 152 |152 | 152 | 150 {150 | 150 |aso | 150 l1s0
| 160 Fsw | 160 l160 | 162 1162 | 162 1162 | 160 1160 | 160 {160 | 160 |160
| Azo rFsw | 170 1170 | 172 1172 | 173*1122 | 170 {170 | 170 170 1170
A0 FSW | 180 1180 | 182 {182 | 182 1182 | 180 1180 | 180 (180 | 180 1180
190 FSw | 190 1190 | 192 192 | 192 | 190 [190 | 190 |290 | 190 [190 !
-200 FSW | 200 1200 | 202 1202 | 203*|203+} 199 1199 | 200 1200 | 200 1200
210 FSW | 210 1210 | 212 {212 | 233+1212 | 208 {208 | 210 {210 { 210 |20
220 FSW | 220 1220 | 222 1222 | 223w1223«! 218 1219 | 220 1220 | 220 {220
230 FsW | 230 | - [ 231 |- [233%f - | 228 |- |2301- =

- Indicates no reading taken

* Readings outside of +2 FSW specification
{ Descent

! 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
) ! 1 1 1 R 1 11 L |1 ) 1
ol - o |- 0 - 0| - ol - 01} -
. 100200 3atol 12 taal 13t d z0fl10) 10110
20Fsw | 200 rc| 20120 22422 20120/ 2042014 20120
_a 30130 33130 32132"! 31]3] 30|31} 3030

40 | 40 | 42 | 41| 42 1 a2 | a1 a1 | 40| 40 ! 40 ! 40

50 , 50 ) so lsol 52 1511 S1151 1 501501 501! S0

. 60 | 60 ! 62 | 62 1 62 | 61 | 61 160 | 611 61 ] 601 60
10 70 | 70 | 72 | 72§ 72 172 | 70 {70 | 70 170} 70} 70
8O FSW | 80 1 80 1 82 1821 80 1301 32 182 | 8218 1 80 | 80
~20FSW | 901 901 92192 | 9%l 02| ol |91 | 921921 90] 90
100 FSW { 100 1100 | 192 1101 j lu3* 1ol {101 ! 100 1300 | 100 1100
~Alo FeW 1 110 (3190 | 112 1112 ) 112 1132 | 110 {110 ! 110 {110 ¢ 110 1110
120 FSVW 1120 | 421 .0 122 1122 | 120 1120 | 120 {120 | 120 1120
~130 FSYW | 130 1330 | 132 1532 | 132 {132 | 130 (130 !} 130 1130 | 130 1130
~140 FSW | 140 1140 | 142 1142 | 142 1142 | 140 {140 | 140 1140 ] 140 |140
150 FSW | 150 1250 1 153*1152 1 152 1132 1 150 1130 [ 150 1150 { 1%9 11359
_160 FOW | 160 116C | 163%1163%| 162 1161 | 159 1159 | 161 1160 | 160 [160

170 FSYW | 170 1370 | 173*1173*]| 172 1171 | 169 1169 | 171 1171 170 '170
180 FSW j§ 1890 1180 | 1823*i]183*| 182 1182 , 179 179 A8l 118l | 180 1180
190 FSYW 1 190 1190 | 192 1192 | 192 [192 | 189 189 | 191 {291 | 190 190
200 FSW | 200 1200 | 203*1203%) 202 1201 | 199 1198 | 207
210 FSW { 210 (210 | 213% *| 212 | 209 1210 | 211 1211 ! 210 [2]10
220 £OW | 220 1220 1 222 1222 | 222 | 218 {218 | 221 1222 |
230 FSW | 230 | - 232 | - 229 | - 232 | - 226%| -

:
E

:
:

'BF

~ Indicates no reading taken i
* Readings outside of +2 FSW specification ‘
1 Descent

{ Ascomt

Bi~3

T A L T T A/ R ey A D



Figure B3
PRESSURE TRANSDUCER ACCURACY/TEMPERATURE SENSITIVITY
29°F WATER TEMPERATURE, DIVE #3
10 FSW INCREMENTS
ORCA UDM

UDM Depth Reading

Chamber
Depth |Unit 1173 |Unit 1172 |{Unit 1171 |Unit 0107 (Unit 1170 |Unit 1170
! 1 i 1 ) 1 1 1 ) 1 L} 1
21~ Q1 ~ A 0 = 0 - 01 -
JOFSW ! 10 | 10 Al 111 A2 1 11 11 | 11 10 1101 10 | 10
30 FSW | 30 30 32 | 31 33*; 32 30 30 30 30 30 30
40 FSW | 41 | 40 42 ¢ 42 42 | 42 40 | 40 40 | 40 40 | 40

-SOFSW ! S50 1 %1} 51150 521521 50]50} 501501} 50150
60 FSW | 66 | 60 | 60 | 51 | 63%] 62 | 61 1 61 | 60 | 60 | 60 | 60
~20FsW | 70 | 70 { 721721 721721 70171} 711701} 70{ 70
8O FSW . 81 180 ( 82 )32 ] 83%1 82 | 81 |81 ] 81 18 | 80 | 80
—9QFSW ;: 90 1 90 ! 92 193 | 93*i 92 | 90 191 | 91 |90 | 90 | 90
_100 FSW | 101 {100 | 102 | 103*1303*| 101 1101 | 1ol {103 | 101 {101
Ao psw | aal 1111 112 | 113*{113*! 110 1110 | 111 [111 | 1310 {110
120 FSW | 120 1120 ! 122 L 123%1123+%1 120 1120 | 120 1120 | 120 1120
130 FSW | 130 1131 | 133%1133+%] 133%1133+| 130 {130 | 130 130 | 130 [130
140 FSW | 140 1140 | 143%]]143%] 143%1143+%] 140 |140 | 341 1141 | 140 |140
150 FSW | 151 1150 § 153%1153%! 153%1152 | 150 1150 | 151 }i51 | 150 |150
. 160 1160 | 163*1163%| 163%1162 | 160 |160 | 161 |161 | 160 |160
470 FSW | 171 1171 | 173%]1173%] 173%1172 | 169 1169 | 170 170 | 170 [170
180 FSW | 18¢ 1180 | 183+]183% (182 ! 179 1179 | 180 180 | 180 {180
190 FSW | 190 [190 | 193%]193%] 193#1193%] 188 1189 | 190 }190 | 190 |190
200 FSW | 200 ;200 | 202 1202 202 | 199 1199 | 201 1200 | 200 1200
230 FSW | 210 1210 | 212 1211 | 211 | 209 {210 | 210 1210 | 210 {210
; 200 FSW | 218 {218 | 222 (222 | 218 1218 | 220 1220 | 220 220
230 FSW | 2290 | - [ 232 | - |231 ] - 8 | - | 230 | - | 226%| -

I3

F

23;

Indicates no reading taken

Readings outside of 12 FSW specification
Descent

Ascent

-t 2%}

Bl-4

R AT L T A I A I U A A LA



Figure B4
PRESSURE TRANSDUCER ACCURACY/TEMPERATURE SENSITIVITY
: 29°F WATER TEMPERATURE, DIVE #4
| 10 PSW INCREMFRTS
ORCA UDM

Chamber UDM Depth Reading

Deptihh |Unit 1173 Lgnit 1172 {Unit 1171 |{Unit 0107 |Unit 1170 [Unit 1190
3 |1 13 ]t L 11 L |1 i 11
- 0 - 0 - Q - 1) - Q - 0 -
10 FSW | 10 10 11 il 1] 1l il 1 11 9 | 10 9 9
_20psw | 200200 20020} 211210 ! 2020/ 39020} 10]20
30 FSW 20 30 31 ! 33 321 .32 30 30 301 30 30 30
40 FSW 4 40 4l 41 42 40 40 40 40 40 40
50 50 33%] 52 33%) 52 9S4 51 50 50 50 50
‘ . 60 FSY 60 60 61 62 61 6l (A 61 60 60 59 60
; __ZQ_ESH; 10 70 71 &t 711 72 71 71 .t 21 70 710 10 70
80 80 82 1 82 1| 83%x] 82 81 3] 80 ?0 80 81
90 FSW | 90 .1 90 92 1 92 1 92 1 92 9Q 9] 90, 90 90 1 91
_100 FSW | 100 1109 IQZ_TIQZ 1O3*i103%] 1060 1100 101 1101 100 Q0
3]0 FS¥W 1 111 1111 112 | 113*1113*] 110 (110 111 (111 11lc 1110
120 FsW | 121 1123 | 223322 | 123{123%] 120 |20 | 321 [121 | 220 |320
130 FSW ! 131 1131 133%{132 | 133*[1133*] 130 [}]30 131 1133 130 1130
_140 FSW 141 1141 | 143*]1142 143*]1143%] 140 11490 141 1141 140 1140
150 FSW § 151 1150 153*]1152 | 153%]1152 150 1150 150 :i81 | 150 {150
_160 FSW 160 1160 162___1_6_2__15_2_'_]&_2 160 1160 161 1161 160 (169
170 FSW | 171 1171 173%)173%) 173*1172 | 170 1170 171 1171 170 1170
180 FsSW | 181 1181 183* 3%| 182 182 ! 180 1130 180 1180 179 1189
190 FSW | 190 1i91 192 | | 192 1192 | 190 1130 190 1190 189 1189
200 FsW | 200 1200 | 202 {202 | 202 202 | 199 l199 | 201 {200 | 200 |200
210 Fsw | 210 1210 | 212 f212 | 212 {212 | 200 209 | 210 | 210 j210
220 FsW | 220 1220 | 223#1223#| 222 1222 | 213 221 | 220 1220
_230 FSW | 230 - 233%| - 232 = 229 - 230 - 227*! -

3

- Indicates no reading taken
% Readings outside of +2 FSW specification

|l Descent
t Ascent
Bi-5
AR AT A I S S Y O e At R T N R R




Figure BS
PRESSURE TRAWSDUCER ACCUKACY/TEMPERATURE SENSITIVITY
29°F WATER TEMPERATURE, DIVE #5
10 FSW INCREMENTS

ORCA UDM
‘_ Chamher UDM Depth Reading
Dapth |Onit 1173 |Undic 1172 |Unit 1171 {Unit 0107 |VUnit 1170 |Unit 1i90
] 1 i 1. } 1 4 1 1 1 1 1
0l - 0 ! ~ 0! - Q| = 0l - [ I T
.10 Fsw 1o | 10 11 | 35 11 | 11 9 1 10 9 | 8 ° 9
—20 FSW |20 1 20 ) 21 {21} 21 12) 19 | 20 1 19 [ 19 19 | 19
30 FSW 30 ! 30 31 ! 31 31 1 31 1 291 29 1 29 | 29 ZLF"‘Q“ ]
40 FSW | 40 | 40 4] | 41 4] | 4] 39 | 39 39 | 39 39 | 39 ]
50 _FSW 50 1 S0 51 1 51 51 | 51 49 | 49 49 | 49 49 | 49
60 FSW 60 | 60 6l | 61 61 | 61 59 | S9 59 | 59 59 ! 59
70 ¥SW | 70 | 70 71 1 71 71 | 71 69 | 69 69 | 69 69 | 69
80 FSW 80 | 80 81 | 81 1 81 1| 81 1 79 | 79 79 | 79 79 ' 79
.90 FSW 90_1 90 91 ! 91 92 | 91 89 | §9 89 | 89 29 | 89
{ 100 FSW | 100 13100 1 1¢2 1102 1 102 1102 99 99 100 29 99 99
{ 410 FsW 1 110 {11o | 112 1112 | 112 1112 | 109 1109 | 110 1109 1 109 (109
| ~120 FSW | 120 1120 ! 122 {122 | 122 1122 | 118 1119 | 120 1119 | 119 1119
’ 130 FSW | 130 {130 | 2132 1132 | 132 1132 | 128 1129 | 130 1129 ! 129 1129
| FSW | 140 13140 | 142 1142 | 142 1142 | 138 1139 | 140 1140 | 139 139
‘ _150 FSW | 150 {150 | 152 1152 ! 152 1151 | 148 (148 | 150 1150 | 149 |[149
‘ 160 ¥Sw ! 160 1160 | 162 1162 | 161 1161 | 158 1158 | 160 1159 ¢ 159 |159
| 170 FSW | 169 1170 | 172 {172 | 171 1171 | *°3 1168 | 170 {170 | 169 (169
‘ 180 FSW | 179 i179 | 182 182 | 181 1181 | 178 (178 | 180 1179 | 179 [179
i 190 FSW | 189 1189 | 192 1192 | 191 1191 | 187*1187*} 190 1189 | 189 [189
1 .200 FSW | 199 1199 | 202 202 | 202 ]20] | 197*]]197* 1199 | 199 1199
—210 FSW | 209 1209 | 212 1212 | 211 1211 | 207% 1210 1210 | 209 1209 Lo
220 FSW | 219 1219 | 222 (222 | 220 1221 | 217*1217%| 220 1220 } 219 1219 1
230 FSW | 229 | - 233*%| - 231 | = | 227*| - 228 | = 223%| ~

~ Indicates no reading taken

* Readings outside of +2 FSW specification
| Descent

T Ascent

Bl-6
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Figure B6
PRESSURE TRANSDUCER ACCURACY/TEMPERATURE SENSITIVITY
29°F WATER TEMPERATURE, DIVE #6
10 FSW INCREMEWTS
ORCA "IDM

UDM Depth Reading

* Chamber
| Deptk |uUnit 1173 |Untt 1172 |Unit 1171 |Unit 0107 |Unit 1170 |Unit 1190
1 1t [ T R s_ |t 1 1 1 1
= o - ol - o]~ Ql - 91 -
e { 201 94 101101 1 L1 9110 91 o9 9 | o
' _20Fsw ! 219119] 211204 21}t211 19120 319]3191] 191} 19
—aQ FSW | 30 | 30 31 .1 31 3l {31 | 29 L3Cc | 29 1 29 ! 29 | 29
. 40 | 40 | a1t 41 ] a1 ja3 !l 39 139! 39|39 39] 39

y ! 49 } 50! s511s51] s11s1! 49 50| 49|49 | 50 | 49
_6oFsw | 59159 ] 611611 611621 59]60] 591591 66/ 59
. _70Fsw | so Ve ! Fal7al 72 173! 69 169 ) 69 | 69} 70| 70
80 Fsw | 79 179 83 181t 811811 29 {791 79! 79| 80
.90 FSW | 89 | 29 91 | 91 1 91 1 91 9 | 89 89 | 89 90 | 99
Joo Fsw | 99 1 99 | 101 12011302 |202 { 99 ] 99| 99 | 99 | 100 {100
310 FSW ¢ 109 |110 | 221 J112 | 111 433 ] 109 1109 | 109 {109 | 110 {119
—320 ¥SW | 119 129..__122_.1227_12.2_.JL21_._11L 118 | 119 1119 | 120 1120
130 FSW | 130 21132 Hl22 3 132 L3l | 128 1128 § 129 1129 1 130 1130
140 FSW | 139 1140 142 1142 | lal 114l 138 1138 139 1139 140 {1140
_150 Fsw | 149 1150 | 153 l3is2 | 151 lisa | 148 [1ag | 140 {349 | 150 |150
_169 Fsy 1159 1160 | 162 1162 | 161 |61 | 158 1158 | 156 |1s59 | 160 |160
320 FsW | 169 {16e | 172 1172 | 171 l171 | 168 168 | 170 {170 | 170 170
180 rsw | 579 lwae | 182 181 |i81 | 177%1178 | 179 [179 ! 180 180
[ . _290 FsW ! 189 |18¢ | 192 1192 | 191 [J91 | 187%i187*] 189 189__1_,_1951_;99_
_200 FSW | 199 |199 202 | 201 {201 | 197*1197*] 199 1199. | 200 |
&' .1 200 1209 | 212 qu 211 {211 | 207*1207*| 209 209 | 210 }210 i
24V . 1 219 1279 | P22 1222 ¢+ 220 1221 | 217*1217* 219 1219 | 221 ’
_230 FsW | 229 | - | 233%] - | 230 | - | 227%| - | 226%| -~ | 230 | -

4

X

;

Indlicates no reading taken

Readlings outside ¢f +2 FSW specificatien
Descent

As~ent

Ll

g
:
s
E
y

Bl-7
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X}



Figure B7
PRESSURE TRANSDUCER ACCURACY/TEMPERATURE SENRSITIVITY
93°F WATER TEMPERATURE, DIVE #1

10 FSW INCREMERTS

ORCA UDM

UDM Depth Reading

Chamber

Depth |Unit 1173 |Unit 1172 |Unit 1171 |Unit 0107 |Unit 1170 |Unit 1190
L 11 r 1 TR L |1 L1 L[t

ol - -] ol- = = -

10 | 10 9ol 9 91 9 9|l ol 10110 10

20Psy | 2001201 219129 190128 19 {19 201201 19119
30 FSW I 30 ! 30 1| 29 | 29 30 1 29t 29 129 1 30 | 30 29 | 30
. 40 [ 39| 390 | 39| 39| 39| 39 |a0) 40| a0 | 39| 39
soFPsw i so la9 | sols 50 | 49 | 49 | so| so[so| 49 | a9
__£0_FS 59 160 ] 50 |s0o] 6060 59|50 6060l s0]s0
_70Fsw ! 69 1691 69 )69 | 701 701 6901701 70! 70| 691 70
go Fsw | 79 1791 79 1 79| g0 180 | 79| 79 g0 | 79 | 79
89 [ 80 | 89 |89 | 90| 90| 89 [o0| 90/ 91| 80| g9

200 FswW | 99 | 9ol 90 990! 100 1100 o | 99 | 101 |300 | 99 | 99
_a10 Fsw | 110 Jazo | 109 |109 | 110 {110 | 109 {130 | 130 311 | 109 100
120 Fsw | 119 a19 | 119 1190 o | 119 1120 | 120 |120 | 119 {119
130 1129 | 130 129 | 130 130 | 1290 |330 | 131 [131 | 220 f129

_140 Fsw | 139 140 | 130 {130 | 140 {140 | 239 [130 | 140 |142 | 139 |139
150 Fsw | 150 [149 | 149 {149 | 150 {150 | 150 |1so | 151 151 | 149 |149
159 |159 | 159 |159 | 160 {160 | 259 1160 | 161 160 | 159 l150

169 1169 | 169 1169 | 170 |170 | 170 [169 | 170 l270 | 169 169

*sw | 180 [179 | 179 l179 | 180 [180 | 279 [179 | 180 [181 | 178 [179

190 FsW | 189 [189 | 189 1189 | 190 |190 | 1.2 |189 | 190 |190 | 188 |iss
_200 FsW | 199 [199 | 199 l199 | 200 [199 | 199 199 200 | 198 |199
<10 FSW | 208 1209 ! 209 1209 | 210 1210 } 208 {209 | 208 1210 | 2C9 1209
220 FSW [ 219 1219 | 219 1219 | 220 1220 | 219 (219 | 220 1220 | 218 1219
230 FsW | 220 | - | 220 | - | 230 | - 9 | - 30 | - [ 228 -

- Indicates no reading taken

| Descent
1 Ascent

Bl-8

-_—
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Figure B3
PRESSURE TRANSDUCER ACCURACY/TEMPERATURE SENSITIVITY
93°F WATER TEMPERATURE, DIVE #2

10 FSW INCREMENTS

ORCA UDM

Chamber

UDM Depth Reading

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

1 11 ! 1 § 1 $ 1 Nl K } 1

ol - [ I - 0} - o]~ 0ol -
10FsW | 10l 9 91 9 0} ol 0] 9! 9]10] 10110
—20 FSW | 20 | 19 § 19 + 0 19 1 20 | 20 1201 201 20
_3.0_2817__19 30 | 29 129} + 0 29129 30 | 30
_40oFsw | 40 ) 40| 39 ] 39 ol ol 30 |a0 | 40 40 | 40
_SoFsw | 49 49 | 49 0] ol 4 |so] so)so] sol so
6o Fsw | 59 | 60 ] 59 | 59 0]l ol 59160 601]°6 60 | 60
_70Fsw | 69 1 701 69 | 69 ol ol 6 |70 70 170}) 701|869
_80Fsw | 801791 791 79 ol ol 79 |go| 80 80| 79179
_90FsW ] 90|90 89 ] 89 0l ol 90189 ] 91138 90 | 89
100 FSWw | 99 }109 99 | 99 ) Q| 99 {100 | 100 |100 99 | 99

110 {110 | 109 |109 0! o1 109 {110 | 110 J109 | 109 {109
120 Fsw | 119 120 | 119 |119 ol o1} 219 |120 | 121 |119 | 119 l119
130 FSW | 30 | 129 1129 o1l o 130 l129 | 131 1129 129
_140 Fsw | 139 l140 | 139 [139 0l o1 140 1340 | 241 }240 | 141 [141
150 Fsw | 150 |150 | 149 |149 ol ol 150 l150 | 150 |15 149 |149
160 Fsw | 159 l160 | 158 |259 | o | "¢ | 159 160 | 160 l160 | 159 |159
_170 Fsw | 170 |170 | 169 |169 o] o] 170 1170 | 171 |170 | 169 169
180 Fs¥ | 180 {179 | 179 179 | o | o | 179 liso | 181 li7 179 [179
190 Fsw | 189 l190 | 189 |189 ol o] 189 j190 | 190 |190 | 189 }189
200 Fsw | 200 |199 | 199 199 0l o! 199 1399 200 ! 199 1199
210 FSW | 209 1209 | 209 1209 0!l 0 JQL.Z.QB.T_ZJ.L.ZJ.Q__ZQB_.Z.QS_
~220 FSW 1| 219 1219 | 219 {219 01 0} 219 1219 1 220 1220 | 219 1219
230 FSW | 229 | ~ | 229 | - 0] 0] 22 |- | 23 |- | -

+ Indicates unit went blank
- Indicates no reading taken

{ Descent
t Ascent

Bl-9




Figure B9
PRESSURE TRANSDUCER ACCURACY/TEMPERATURE SENSITIVITY
93°F WATER TEMPERATURE, DIVE #3
10 FSW INCREMENTS
ORCA UDM

UDM Depth Reading

Chamber .
Depth |Unit 1173 |[Unit 1172 |Unit 1171 |Unit 0107 |Uait 1170 |Unit 1190
I 3|1 L |1 L 11 Y 11 y 11 .
ol - I 0] - I 0| - ol -
_1oFrsw! 10110l 10110 201101 101101 10110
—20 FSW | 20 | 20 | 20 1 20 20 1 20 20 | 20 20 | 20
_30Frsw ! 301 30 _30 310!3 30 L 3c| 30 30
qorsw | 40 | an | 40} 40 40 | 40 | 40 | a1 | 40! 39
r so | so | s1]s1 so | 50| 51 !51! 49/ 49
6O FSW | 60 I 60 | 60 | 60 60 | 60 | 60 | 60 29 | 59
' 70 FsW | 69 1 20| 70 ] 70 70 | 70| 70 170 | 69 | 69
729 | 80| 8ol 80 go |80 80179 | 79 ;79
9 | so ! 301 90 90 {90! 90|90 | 89| 89
_100 Fsw | 100 |100 | 100 {100 100 |100 | 100 |100 | 99 | 99

110 110 ¢ 110 110
1120

110 | 110 110 | 109 109
120 {120 | 119 119 | 119 |119
130 [130 | 230 |130 | 129 [129
140 {140 | 140 [140 | 139 139
150 |150 | 149 {150 | 149 |149
160 |160 | 160 159 | 159 |159

E
F
:
rg

140 1140 | 140 1140
149 1150 | 150 1150

160 Fsw | 160 [160 | 160 1160

'oooooonoppoL:bpoboPonoL:oo
-
<]

OOOPPPOOPPPPPPPOP'DOOPO

r 170 FSW ! 170 1170 | 170 1170 170 1170 | 169 11569 | 169 169
| 179 1179 | 180 |180 180 {180 | 179 1179 | 179 |179
3 190 FSW | 189 1189 | 19¢C¢ 1190 190 1190 | 189 1189 | 189 1189
; 199 1199 | 200 1200 200 ?LOO. 199 1199 | 198 |198
| 210 FSW | 209 1209 | 210 |210 10 1210 | 209 1209 | 208 |209
—220 FSW [ 219 1219 | 220 {220 220 1220 | 219 1219 | 218 1218
230 FSW | 229 | - 230 ( - 230 | - 229 | - 228 | -
— Indicates no recading taken
1 Ascemt

B1-10
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Figure BlO

PRESSURE TRANSDUCER ACCURACY/TEMPERATURE SENSITIVITY
93°F WATER TEMPERATURE, DIVE #4

10 ¥SW INCREMENTS

ORCA UDM
. Chamber " UDM Depth Reading
Depth !Unit 1173 |[Unit 1172 |Unit 1171 |Unit €107 [Unit 1170 |{Unit 1190
! | 1 [} 1 | 1 I} 1 i 1 | 1
2.1 - = Q! - Q.l - Q! - 0l -
! 10 FsSW 10 | 10 10 | 10 (1] 0 10 | 10 10 | 10 10 | 10
—20FSW | 201 20 ¢ 20 } 20 01 01 201 201 201 20 19 1 20
_30Fswl 301 30 a0 | 30 0! ol 291 30 30 | 30 30 | 30
30 FSW 4 40 40 | 40 0!l 0 40 ! 40 40 | 40 40 1 40
SOFSW | S0 150 ] 501 50 0 0 50 | S0 51 1 51 350 ' 50
i 60 | 60 60 60 o1 0 60 | 60 60 | 60 60 | 60
: _20FsW ] 201701 720} 70 0 ol 720172 70 | 70 69 | 69
| —soFrsw| solso ]| 8o iso i ol ol solrof 80|80 79179
_90FsWw ! 90190 90190 ol ol 901 90 90 | 90 | 89 | 89
: 100 FSW | 100 1100 | 100 1100 0 Q1100 1100 | 100 1100 99 | 99
2110 FSW | 110 1110 | 110 1110 0 0 | 110 11310 | 110 1110 | 209 1109
120 FSW | 120 1120 | 120 Q 0 | 120 1120 | 120 1120 | 119 1119
130 FSW | 130 1130 130 ]130 01l 0 130 1130 130 1130 1291_12_9_
140 FSW | 140 Q 1 140 1140 0 O 1 140 |1 140 1139 | 139 1139
150 FsW | 150 1150 ! 1S5S0 1150 0 Q 1 150 1150 | 150 1149 | 149 1149
160 FSW | 160 1160 | 160 1160 Q 0 | 159 1159 | 159 1159 | 158 1159
170 Fsw | 170 170 § 170 1170 0 0 1 170 1170 | 169 1169 | 169 1169
180 FSW . 18Q 1180 | 180 1180 | O 0 1 179 1180 | 18Q 1180 | 179 [179
190 FSW | 190 1190 | 190 1190 01 0 189 1190 1 189 1189 188 1189
200 FSW | 200 1200 | 200 1200 0 20 199 1200 ) 199 1200 ! 199 1199
=210 FSW | 210 1210 | 210 ;210 0 0 | 209 (210 | 209 1209 | 209
220 FSW | 219 1219 | 220 1220 0 Q {219 1219 } 219 218 1219
230 FSW | 229 | - 230 | = Q =1.229 | - 229 | - =
- Indicates no reading taken
{1 Descent
1 Ascent

Bl-11
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Figure Bll
PRESSURE TRANSDUCER ACCURACY/TEMPERATURE SENSITIVITY
93°F WATER TEMPERATURE, DIVE #5

10 FSW INCREMENRTS

ORCA UDM

Chamber UDM Depth Reading
Depth |[Unit 1173 |Unit 1172 |Unit 1171 |Unit 0107 |Unit 1i70 |Unit 1190
L L1 L L1 L L1 L 11 L 11 1
Q! = Q1 = o0l 1 o~ ol = 0ol -
_lorsw | 10l10l ol o ol o 9] ol 10] 7¢ 10110
_20rsw !l 191200 19110 ol o] 2901191 261 27%| 20120
—a0 FSW § 30 1 30 | 29 1 29 el 9 29 1 29 1| 30 | 27*1 29 1 30
a0 Psw | 40 1 39 | 39| 39 ol of 390139 a0 37%} 390 | 40
_sorsw | 49 | a9 | a9 | so 0| of a9 50 s0 ] a7xl s0 | 50
_ 60 Fsw | 60| 60| s9 | s9 0ol o] 59 159] 60| s7¢| s9 | 59
_70Fsw | 69 | 70| 69 | 69 ol ol 69 ]s60l 90| 6| 69 | 69
_soFsw | 791291 791 79 ol ol volsgo! 80| 77%¢| 79 |'79
—30 FSW 901 90 | 89 | 89 Q 0 89 1 89 { 90 | 86w, 89 | 89
200 Fsw | 991 99| 99 9o 0} o] 991991} 10c | 97¢| 99 | o9
_110 Fsw | 109 {109 | 109 |100 ol ol 310110 | 110 [106*! 109 ‘109
_120 Fsw | 239 1219 | 119 l110 ol ol a1e 1120 | 120 l136*} 319 |139
130 FSW | 130 1130 | 129 1129 | Q C 1129 1129 | 130 1126%] 129 {129
_140 Fsw | 139 |140 | 139 139 0! o139 130 | 140 |339 | 139 [139
150 l1s50 | 149 149 0! ol 149 {250 | 150 [149 | 149 1149
_160 Fsw | 160 |1s9 | 159 |1s9 ol o159 [159 | 160 [159 | 159 [159
_170 Fsw | 170 l169 | 169 l169 ol ol 169 Ja69 | 170 |=67*| 169 l169
_180 Fsw | 179 1179 | 179 |179 ol ol 379 [a7s | 180 li77#+| 179 [179
_190 FSw | 189 189 | 189 |1s0 | o ! o | 189 1189 | 190 l187#| 189 |1ss
_200 FSw | 199 1199 | 199 [199 ol o1l 199 199 | 200 [197*| 199 [199
210 FSW | 209 1209 { 209 1209 0 0 ! 200 1200 | 209 1207%; 209 1209
220 FSW | 219 1219 | 219 1219 0 0 | 219 1219 | 219 (218 | 218 1219
230 FSW | 229 | - 229 | - Q] - 229 | - 229 | - 228 | -

- Indicates no reading taken
* Readings outside of +2 FSW specification
| Descent
1t Ascent

Bl-12
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Figure Bl2
PRESSURE TRARSDUCER ACCURACY/TEMPERATURE SENRSITIVITY
93°F WATER TEMPERATURE, DIVE #6
10 FSW INCREMENTS

ORCA UDM
. Chamber UDM Depth Reading
Depth {Unit 1173 |Unit 1172 |Unit 1171 {Unit 0107 |Unit 1170 |Unit 1190
. } 1 ] 1 ) 1 | 1 s 1 i 1
0.l = 01 - 9 | - = 0] - Q0] -

10 1ol 10l200! 10010] 20t10! 201 e*f 20 120
—eQ FSW | 20 | 20 19 120 L 19 | 19 20 1 20 1 20 1 16*] 20 | 20

| 30130 3030 30130] 30}30] 30]26¢] 301 30
a0 Fsw | 40 | a0 | a0 l 40! a0 | 40 39 | ase| a0 | 39
_SoFSW | so]|so| s0o|so!l solsi] so]so| 49| as*| 49 | so
_60FsW | 60| 60} 60 | 60} 61161 ! 60 ] 60| 601 55%] 60 | 59
_7o0Fsw | 60 170 69t 70! 201713 701 70] 60| 65%} 70| 70
—S0 FSW | 80 § 8Q 1 80 0 80 1. 80 1 80 1 80 1 79 : J3%i 79 | 79
_9orsWw | 89 ]90] 90190l 91]91! 89 loo| 90/ gsel g9 | 89
200 Fsw | 100 |100 | 100 |200 | 100 {101 | 300 1100 | 99 | 9ax| 99 | 99
) 110 {1310 j 110 {330 F 231 faaa | 110 laie | 109 |ios*! 109 l10¢
_120 FSW | 120 | 221 1120 | 220 1121 | 119 li20 | 119 liia«]| 320 {119
130 Fs¥ | 330 {330 | 130 1130 | 131 lam | 330 1130 | 329 1n2as| 129 129
140 FsW | 140 1140 | 140 |2 141 1141 | 140 |140 | 138 113a%| 149 |349
_150 Fsw | 150 150 | 150 |150 | 151 lis1 | 150 laso | 148 {1a4+| 149 {149
160 FsW | 160 1160 | 160 {160 | 161 {161 | 160 |160 | 158 |3saw] 150 |159 |
170 Fsw | 169 13170 | 170 1170 | 171 1171 | 170 la7o | 168 l164=! 169 |26¢
_180 FSw | 179 {380 | 180 {180 | 181 1181 | 180 180 | 178 li7a*]| 179 179
190 FSW | 189 1189 | 190 |190 | 191 l191 | 190 |i90 | 288 [185*] 189 |1is¢

¢

200 FSW | 200 1192 { 200 1200 i 201 1201 | 200 1200 | 198 1195%1 198 {199
~210 FOW { 210 1209 | 210 1209 : 211 209 [210 | 208 1205%] 209 (209
.42Q FSW | 220 1220 | 220 1220 ! 221 1221 ! 220 1220 i 218 1218 | 218 1219
230 FSwW | 229 - 230 | - 231 | ~ 229 = 227>} ~ 229 -

- Indicates no reading taken

* Readings outside of 2 FSH specification

1 Descent

1 Ascent

Bl-13
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APPENDIX E2

DIVETRONIC UDM AT 29°F AND 93°F

PRESSURE TRANSDUCZR ACCURACY/TEMPERATURE SENSITIVITY DATA

Actual chasber depth and comparative UDM dapth readings are charted at

10 FSVW increments during descent and ascent as 29°F and 93°F water

temperatures.

to a maximum depth of 230 FSW,

KEY:

Figure
Figure
Figure
Figure
Figure
Figure
" Figure
Figure
Figure
Figure
Figure
Figure

Bl3:
Bl4:
Bl1S:
Bl6:
Bl17:
Bls:
Bl19:
B20:
B2):
B22:
B23:
B24:

Divetronic UDM at
Divetronic UDM at
Divetronic UDM at
Divetronic UDM at
Divetronic UDM at
Divatronic UDNM at
Divetronic UDM at
Divetronic UDM at
Divetronic UDM at
Divetronic UDM at
Divetronic UDM at
Divetronic UDM at

29°F Water Temperature,
29°F Water Temperature,
29°F Water Temperature,
29°F Water Temperaturs,
29°F Water Temperature,
29°F Water Temperature,
93°F Water Temperature,
93°F Water Temperaturte,
93°F Water Temperature,
93°F Water Temperature,
93°F Water Temperature,
93°F Watar Temparature,

Dive #1
Dive #2
Dive #3
Dive #4
Dive #5
Dive #6
Divwe #1

Six dives are charted for aach UDM at each water termerature

Dive 22

Diva #3
Dive #4
Diva #3
Dive #6




Figure B1l3
PRESSURE TRANSDUCER ACCURACY/TEMPERATURE SENSITIVITY TEST
29°F VATER TEMPERATURE, DIVE #1 i
10 FSW INCREMENTS
DIVETRONIC UDM

]

B2-2

Chamber UDM Depth Reading : .

, Depth Unit 889 | Unit 215 | Unitc 836 | Unit 795 | Unit 864 | Unic 861
| i 1 i 1 ! 1 ! 1 T S O I 1
| 0 FSW_ Q Q 01 0 0L 0 0| 0 0! 0 01 0
l 10 FSw 10 ! 2] 1o 1 10} 10 10 10 1.10 10 | 10 10 10
| ~20rsw | 21 1214 2002014 204020/ 210201 201} 201 201{20
‘ 3o rswW | 30! 31 30 30 | 30 30 | 30 30 | 30 30 | 31
.40 FSW 40 | 41 4 40 40 | 40 40 | 4] 40 | 40 1 4] | 4]
‘ _Sorsw | 50 }51] so}lso! so}lsol so!ls1] soi3s0] soljs1
€0 _FSW 61 | 61 60 | 60 | 60 | 61 60 | 61 60 | 60 61 | 61
70 FSW 71 | 71 70 | 720G . 2 71 71 171 70 t 70 71 1 71
—BOFSW ) 81 | 82 | 80 1 80 | 8] | 81 81 | 8) 80 | 81 | 81 | 81
90 FSW 91 | 92 | 90 | 90 91 1 9 91 1 91 1 90§91} 91192
101 1102 | 300 {100 | 301 |03 | 201 l202 | 100 l302 102 1102

—21c PSW § i1l 141 110 {210 | 111 1311 1 122 fax3 fo3a2 (311§ 112 1112 |

-120 FSW | 122 1122 | 120 1121 | 121 H121 | 122 1122 | 121 1121 ! 122 1122 |

30 FSW | 132 132 | 131 }13]1 132 1132 | 132 1132 131 1131 132 {132 1

_14G FSW | 142 |143+| 140 |141 | 142 [142 | 142 1342 | 141 |2141 | 142 [143* |

150 Fsw | 152 lisas! 151 [1s51 | 152 fas2 | 152 152 | 151 |351 | 153%[153% |

160 FS¥W | 162 1163%] 160 f161 | 162 1162 | 162 1162 | 161 |161 | 163*1163* :

170 FSW | 172 j173*! 170 {171 172 1172 1 172 | 171 1171 173*]|173% ‘

_180 Fsv | 182 |183*| 180 {181 | 182 |182 | 182 1182 | 181 1181 | 183%[183+* |
_19C FSW | 193*%1193*] 190 (190 192 1192 | 192 1192 191 1192 193 1193

200 FSW | 203*12903%! 200 1200 | 202 1203*! 202 {203*| 20]1 [202 | 203*1203*% 1

210 FSW | 213%1213%| 210 1210 | 2]13%12]13%} 2)13*12]13*| 212 1212 | 213%}2]14% ) 1

220 FSW | 214%12]4x%| 220 (220 | 220 1220 | 222 1222 | 222 1222 | 222 1222 1

230 FSW | 214%|214%| 220%|200%{ 220%[220%] 222%[222%] 222*]222%| 222%[223*|

* Readings outside of +2 FSW specification ;

{ Descent |

1 Ascent- |

|

l

1

|

mmmmmmr:m&smmwmmw




Figure Bla
PRESSURE TRANSDUCER ACCURACY/TEMPRRATURR SRNSITIVITY TEST
29°F WATER TEMPERATURE, DIVE #2
10 FSvW INCREMENTS
DIVETRONIC UDM

- Chamber UDN Depth Reading

Depth Uait 889 | Unit 215 | Unit 836 | Unit 793 | Unit 864 | Unit 861

4 11 4 1 { 1 i 1 } 11 { 1
—orswi ol ol o ol ol o] o ol o
~dorsw ! 121111 10l 10 130 1 10110 | 10 10 | 10
—20rsW | 211211 201201 204200 220211 201204 20421

allal 30l30l] 30l30) 0130} 301301 30130
—aorsw ] 41 141! 40140} 40} 40 42} a1 | 40} s0] a1} a1
—sSopsw | s1 13511 solsol solsi] silsi| solsol 5151
_m_mj_n 61 | 60 61 { 61 ] el |6l ] 60 )60 f 61 |61
70 FSW 1. 1 721 20 1 70 7 11 71 1711 720 | 70 71 1 71
—Sorsw | 82 18] s fso) a1 81 811 ax| si |81 8182
9o Fsw ! 921921 90 ] 90 91 ! 92 192! 91191} 92192
100 FSw | 102 | 100 1100 | 101 {101 ! 201 l101 | 101 |10l | 102 1102
110 rsw | 112 | 110 Ja10 | a3 1a12 1312 a1 JT;.L
220 Fsw [ 122 1122 | 120 1121 | 122 1122 { 122 1122 | 121 {121 me;
130 FSW | 132 1132 130 1131 } 132 1132 1 132 1232 | 131 ;131 132 1132
140 FSW | 143*1143*| 140 1141 142 1142 | 142 1142 | 141 114)1 | 142 1143%
2150 PSW | 1sa~i1sa=i 151 [150 | 152 |152 | 152 lis3a=| 151 153*|153%
160 FSW | 163»]1163*] 161 1gg1_uLm__mjm_Lan 163*|163*
170 FSW | 1723*1173*} 170 1170 | 172 1172 | 172 1172 | 171 1172 173*%1)123*»
180 FSW | 183=1183+] 180 180 | 182 1182 | 182 |as2 | 181 |182 | 183+183s
190 FSW | 193*1193*] 190 (190 192 1193%! 193%1193*| 192 1192 | 193*1193%
_200 FsW_| 203+1203%} 200 ]200 | 2030|203%| 203%[303e 202 1202 | 201%[203e
210 FSW | 213v1213+| 220 {210 | 213%1213ef 213ei213e} 212 1212 | 213%1203e
220 FSW 1 2130121301 220 1220 1 219 1219 1222 1222 | 222 1222 | 222 1222
230 FSW | 213w»|213%| 222#]222#| 219#]|2109%| 222#]|222w| 222%|222+] 222%]222#

®* Readings outside of :2 FSW specification
| Deacent
t Ascent

B2-3
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Flgure B1l5
PPESSURE TRANSDUCER ACCURACY/TEMPERATURE SENSITIVITY TEST
29°F WATER TEMPERATURE, DIVE #3
10 FSW INCREMENTS
DIVETRONIC UDM

UDM Depth Reading -

Chamber
Jepth Unit 889 | Unit 215 | Unir 836 | Unit 795 | Unit 864 | Unit 861
| 1 ! 1 - 1 1 1 } 1 | 1
O FSW )| oO0' ° 0 0 0 0 (W 0 0 0 0 0
10 FSW 10 1. 10 10 | jo 11 111 10 | 10 10 | 10 10 | 10
L0 FSW | 20 1 21 1 20 {20} 21 1211 20 | 20 20 | 2 20 1 20

30_FSW 30 | 30 30 | 31 31 1 31 30 | 30 3l | 31 30 | 30
40 FSW 40 | 41 40 | 40 41 | 41 4) | 40 Al | 41 40 | 40
¥ 50 1§ 981 31 | 50 24 | 51 50 | 50 21 | 51 | 50 | 50

_oorsw | 61161l 61161l 61161 60 60! 61]61] 601 61
orxwl nilnl nlanlniznl wlal 11l7 1|71
80 FsSwW 8l | 821 811 81 81 | 82 81 1 81! 8118 81 | 81 )
90 Few | 91 ]9 91l o1 ]| 92192 | o1 ]oay 1|02 | 01192
100 Fsw | 201 {193 | 102 |20z | 101 {102 | 101 {101 | 201 101 | 101 [101

aorFsw | a1 lg2 faaa vaan a2 1z |aag o |oaan s |l e
_320 Fsw § 122 1122 | 121 1321 ! 12c 1322 | 121 1121 | 122 1122 | 122 |
136 9w | 132 231 f231 | 132 1132 § 131 j132 | 132 |132 | 132
140 FsW | 142 1142 | 141 [141 | 142 |1a3+] 142 |142 | 242 1142 | 142 |
150 Fsw | 152 |152 | 151 |1s51 | 152 {1s3%| 152 |1s2 | 152 [152 | is52 |
160 FSW | 162 1162 . 161 1163 | 163*1163*! 162 1162 | 162 162 | 162 |
_170 Fsw | 172 (172 | 171 {171 | 173*1173*] 172 1172 | 172 |172 | 172
L 182 {182 | 181 {181 ! 183*l183+| 182 [182 | 182 |182 | 182

EXEEEERFERFER

_190 FSW | 192 1192 | 191 1191 | 193*]193*| 192 {192 | 192 [192 | 193* 1
200 FOW | 202 1203%| 201 (201 | 203*1203*| 292 < | 202 1202 | 2Q3% ‘
210 FSW | 213%[213%1 213 1211 | 213%1214*{ 212 12]13%| 212 12]13*| 2]13*%

220 FOW | 214%12,4%] 271 1221 | 221%1221*%| 222 1222 | 223%1223%| 222

230 FSW | 214%|2]14%| 223%|223*%] 221%[22]*| 223%]323% X223 222%

* Re 1ings outside of +2 FSW specification
% 25 L i i 4
SCealt

v2-4
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Figure Bl6
PRESSURE TRARSDUCER ACCURACY/TEMPERATURE SENSITIVITY TEST
29°F WATER TEMPERATURE, DIVE #4
10 FSW INCREMENTS
DIVETRONIC UDM

UDM Depth Reading

- Chamber
Depth Unit 889 | Unit 215 | Unit 836 | Unit 795 | Unit 864 | Unit 861
i 1 [} 1 [} 1 4 1 [} 1 [

-0 FSW Q! 0 Q 0 0 0 0 0 0 0 0

10 FSW 10 | 10 11 1 11 10 | 10 10 1 10 10 | 10 10
—20 FSW | 20 1 20 1 21 [ 21 } 21 | 20 } 2] {21 | 20 | 20 ! 21
.30 FSW 30 | 30 31 | 31 31 ] 31 30 30 30 | 30 31
40 FSW 40 | 40 41 ! 4] 41 | 4] 4] 40 | 40 4]

soFsw | so | sol silsi| s1lsi| s
goFsw | 60 | 60| 61| 61| 61 161! 61
70Fsw | o ln!l ninlnlnlan
81181 | 8181 | 818 81|
91191 | 91 o1 o2 92
100 Fsw | 201 l101 | 102 1103 | 101 301 | 202 |

50 | 50 31
60 | 60 6l
70 1 70 71

1

Q

10
| 21

31

4]

21

61
1
8l | 81 82 | 82
| 92

102
11z
122

91 91T

101 {101 | 102

EEERBRERR
o

~410 FSW | 111 {110 | 111 1110 ! 112 /111 | 112 | 111l 1111 § 112 |
120 FsW | 120 121 1121 b2z | 122 [123e) 122 | 121 1121 | 122
43C FSW | 132 1132 | 132 1127_].,3_2__Lj._}!;-};’___;'_.‘3_2F 133%} 131 1132 | 133%1133%
1s0 FW | 142 1142 | 142 L4z | 142 [142 | 143%i1a3%] 142 1182 | 143%1143%
so Fsw | 152 152 | 152 152 | 153%l153%] 1saelisas) 152 [152 | 153% 1153+
460 FSW | 162 (162 [ 161 1161 | 162 ()62 | 163*1163*] 162 1162 [ 163*%1163*
170 FOW | 172 1172 | 171 1172 | 373%1173*%: 173%1]173*! 172 1172 | 173*%1173*
_180 FSW | 182 1182 ! 181 [181 | ]183*|132+| ]183%1]183%| 182 [182 | 183%1183%
190 FSW | 192 | 191 119] [ 1923%1]193%| 193%[103%] 192 | 194%1194%
200 FSW | 202 1203%] 201 |201 | 203%/203%| 203%(203%| 202 |202 | 204%|204x
‘J 210 E§_W__2_1_Z___Z_LZTL_2_1_J.___2;1 213%12]14% 1 213%12]14%} 212 1213 | 214%1214%
} 220 Fsw | 212 1212 | 222 |221 | 222 {21¢ | 212 l222 | 221 l222 | 219 1222
| 230 FSW | 2]12%| - 223%| — 10%) - A 222%| - | 222%] ~

— Indicates no reading taken

| * Readings outside of +2 FSW specificavion
~ | Descent

' 1 Ascent

B2-5
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Figure Bl17
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

1 ) 1 i 1 [} 1 i 1 ) 1
0 0 Q 0 0 0 0 [1] 0 0 0

10 10 { 10 10 | 10 10 91 10 1] 10 10 | 10
1 20 | 20 120 { 21} 20 20 | 20 2l {211 20| 20
30 FSW 3l | 30 30 | 30 31 | 30 30 | 30 31 | 30 30 | 30
40 FSW 41 | 41 | 40 | 40 41 | 40 40 | 40 4l | 4l 40 | 40
50 FSW 31 1 51 20 | 50 20 1 30 20 | S1 81 | 51 20 | 50
60 FSW 6l | 61 60 | 60 61 | 61 60 | 60 61 | 61 60 | 60
11 70 | 70 71 | 71 70 1 70 | 71 } 7] 71 | 70

:
LLLT

70
80 FSW | 82 | 81 80 80 82 | 81 81 | 80 8 81 81 | 81
90 FSW 92 | 92 90 | 90 92 | 91 91 | 91 92 | 92 91 | 91
100 FSW | 102 1102 | 101 1100 | 102 1101 101 1101 102 1101 101 1101
110 FSW | 112 1112 ¢ 111 11311 1 112 1211 | 111 11131 |1 112 1112 111 1111
120 Fsw | 222 (122 | 321 [123 | 322 1321 | 322 (321 | 322 1322 | 321 121
133%1132 | 131 1131 | 132 1132 | 132 1131 | 132 1132 | 132 1131
_140 FSW | 143%1143+%| 141 1141 | 142 1142 | 142 |142 143*|]43%] 142 1]42
_150 FSW | 153*|153*| 151 115] | 153% | 152 1152 | 153*{]S3%] 152 {152 !
_160 FSW | 163%1163*| 161 1161 | 162 1162 | 162 |161 163*1162 | 162 1161
_170 FSW | 173*1173*1 171 (171 | 173*1172 | 172 |172 | 173*1173*{ 172 172
180 FSW | 183*1183%| 181 1181 | 183*%1182 | 182 1182 | 183%/183%] 182 1182
190 FSW | 194%:1193%| 191 1190 | 193*1193*! 192 1192 | 193*|193*]| 192 []192
200 FsW | 203%{203+| 201 |201 | 203*1203%] 202 1202 | 203#|203%]| 202 |202
_210 FsW | 21a%l23a%| 211 1210 | 213+|213%] 212 (212 | 213%213#+] 212 [212
220 Fsw | 222 (222 | 220 1220 | 219 1230 | 212 212 | 222 |222 | 222 |222
230 FsW | 2oo%| - | 200%| - | 219%| - | p12%| .. | 220%| - | 200%] -

- lndicates no reading taken

* Readings outside of +2 FSW specification
{ Descent
T Ascent

B2-6
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Figure B13
PRESSURE TRANSDUCER ACCURACY/TEMPERATURE SENSITIVITY TEST
29°F WATER TEMPERATURE, DIVE #6
10 FSW INCREMENTS
DIVETRONIC UDM

UDM Depth Reading

" Chamber

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

- 1|t N 1 1 1 |1 R
Q FSW 0] 0 ol o 0ol o© 0l o ol o o] o

_lorsw | 100l10}f 2010 22023} 2010} 10[211] 120110
_.ZQ_ESE_L_Z.Q__ZDT_Z.Q__Z.O__ZL_?A 20 1 20 ' 21 1 21 1 21 | 21

30 130 ] 30|30} 31]a31] 30301} 30}31! 30]31

40 FsWw | 40 | a0 | 40 ! a0 | 41| 41| a0l a0 41| a3 | 41! 41

50 ] so| 50]|s0o)] 51|51 so|ls0] s1/0{s1] s11]5s1

61 | 60 | 60 | 60 | 61 | 61 | 60| 60| 61| 611 61 ] 61
12l71l 7201l720] 71 20l 701l 73172 ) 72172
wi 81 /81| s Is| 81|g | sols| 8118/ 81182
90 Fsw | 91 ]91] 9091 ] 92192 91/901] 910921 91| 92
_100 F 101 {101 | 101 {301 | 102 | 101 |101 f 101 {102 | 102 |102
121 (131 | 222 {231 | 112 | 111 (232 § o133 112 o112 |a12
120 FSW | 121 1322 | 120 21_._1227_112___121_.121_ (122 | 122 [123%
130 ¥ 131 |131 | 131 |130 132 M3z Laa) hal 132 M3 | 132 U132
_140 Fsw | 142 {142 | 141 |141 | 143%|142 | 141 [241 | 142 |142 | 143%]142
_150 FsW | 152 §152 | 151 |151 | 152 |153%] 151 |1s1 | 152 {152 | 152 |153*
160 FSWw | 162 1162 | 161 |161 | 162 |163%]| 161 {161 | 162 |i62 | 163*|163*
: 170 FsW | 172 1372 | 171 {171 | 172 [a73*| 173 1171 | 172 172 | 173*[173*
: _180 Fsw ! 182 |182 | 181 {181 | 183+|183~| 181 |181 | 182 [182 | 183%|183*
: _190 FsW | 192 | 190 190 | 193%]193*| 191 |192 | 192 |193%| 193*|193x
—200 FSW | 202 1202 | 200 1201 _J.QQ%.Z.O.&J.QZ__Z.QZ__Z.QL.ZQi* 203*1203%
_210 Fsw | 212 l212 | 230 f210 | 213%|213+ 1212 | _2127&13* 13%[214%
220 Fsw | 220 |220 | 220 |220 | 214%)219 222 | 222 {222 | 222 (222

230 FSW | _220%[ - x| — | 219%| - 2225 = | 222%| - | 222%| —

- Indicates no reading taken

* Readings outside of x2 FSW specification
| Descent
t Ascent




Figure Bi?
PRESSURE TRARSDUCER ACCURACY/TEMPERATURE SENSITIVITY
93°F WATER TEMPERATURE, DIV: #1
10 FSW INCREMENTS
DIVETRONIC UDM

Chamber UDM Depth Reading .

Depth Unit 889 | Unit 215 | Unit 836 | Unit 795 | Unit 864 | Unit 861
i 1 1 1 i 1 i 1 ) 1 [} 1
Q ! = Q! - 0] - 0 ! - 0| -~ 0! -
10 FSW 10 | 1O 10 | 10 10 | 10 10 | 10 10 | 10 10 1 10
—20 FSW { 20 120} 20 { 20 20 1 20 | 21 120} 20 120 20 | 20
30 FSW 30 | 30 30 | 30 30 | 30 30 | 30 30 | 30 30 | 30
40 FSYW | 40 | 40 40 | 40 40 | 39 40 | 40 40 | 40 | 40 | 40
20
60

S0Fsw | so 5ol so 50 | 49 50 | 50 50 | 50 | S0 | 50
GO FSW | 60 ! 60 60 60 | 59 60 | 60 60 | 60 60 | 60
20FsWw | 70 1 70| 70| 70 70 | 69 70 { 70 70 1 70§ 70 | 70
_8OFSWw | 80 18 | 80| 80 80 1 79 | 80 | 8o 80 ! 80 | 80 | 80
90 1 90 | 91 | 91 9¢c | 89! 90 | 90 90 | 90 90 | 90
| _100 FSW | 100 1100 | 101 J101 | 100 | 99 | 200 {100 | 100 {100 | 100 |100
| 110 FSW ! 110 1110 | 113 1111 | 109 {109 | 130 (110 | 110 l110 | 110 110
120 FSW | 320 1126 | 121 1121 | 119 {119 | 120 1120 | 120 |120 | 120 {120

130 FSW | 130 1130 | 131 1131 | 129 |129 ! 130 |130 | 130 {130 | 130 1130
140 FSW | 140 1140 | 141 |14]1 [ 139 1139 | 140 1140 | 140 ]140 |} 140 }140
150 FS¥ | 150 1150 | 151 1151 | 149 }150 | 150 }150 | 150 |150 ' 150 150
160 FSW | 160 1160 { 161 1161 | 159 ;159 | 160 [160 | 160 1160 | 160 [160
170 FSVW | 170 {170 | 171 (171 | 169 1169 | 170 {170 | 170 |170 | 170 1170
180 FSW | 179 1180 | 181 ‘181 | 179 1179 ! 180 |180 | 180 1180 | 180 |180
190 FSW | 189 1190 | 190 [19]1 | 189 1189 | 190 1190 | 190 {190 | 190 }]90
200 FSW | 199 1199 | 201 (201 | 199 |199 | 200 {200 | 200 {200 | 200 0_
—210 FSW { 209 209 | 211 (211 | 209 ]209 | 210 [210 | 210 1210 | 210 [2]0
220 FSW | 219 1219 | 221 1221 | 219 1219 | 220 {220 | 220 220 | 220 [220
230 FSW *| ~ 222%] -~ | x| — 222%| - 222%| - 222%| ~

- Indicates no reading taken

* Readings outside of +2 FSW specification
|l Descent

1t Ascent

B2-8




Figure B20
PRESSURE TRANSDUCER ACCURACY/TEMPERATURE SENSITIVITY
93°F WATER TEMPERATURE, DIVE #2
10 FSW IRCREMENTS
DIVETRONIC UDM

UDM Depth Reading

Chamber
Depth Unit 889 | Unit 215 | Unit 836 | Unit 795 | Unit 864 | Unit 861
11 L 11 F 1 L 11 1 1t K
0] - I 0] - 0]~ 0] - 0] -
_20FsWwl 20]100f 10l30] 1010 201311} 10820} 10110
—20FSW | 20 | 20 1 20 1 21 1 20 1 19 | 21 | 21 1 20 { 20 | 20 | 20
30FSW | 30 | 30! 30]30] 30291 3030 30]3] 30/ 30
40 FsW | 40 | 40 | 40 | 41 ] 39 | 39| 40| 41| 40| 40| 40| 40
50 | sol so|=c1] 49|40 sojsol| solsol so! so
_60FSW ! 601959 ] 60)61] 59|50 ] 60] 60 6060 60
720FsWw | 70 )70} 70! 74l 63 |69 ) 70170} 70170 70| 70
_80Fsw | 80 |79 ] 8118 79179]| s0o]so| s |8 ! 80| 80
90Fsw !l 90 |90] 91|91 89 |89 ] 91}91] 90190 901]o91

o { 100 | 99 § 101 1101 99 | 99 | 100 |100 | 100 |100 | 100 l101
110 1109 { 111 1111 | 109 1109 1t 110 {110 | 110 1110 ! 110 1110
-120 FSW | 120 1120 | 121 1121 f 119 1119 | 120 {120 | 120 (120 | 120 1120
_130 FSW | 130 {129 | 131 {131 | 1 129 1 130 130 | 130 130 | 130 1130
140 {139 41 1141 | 139 1139 40 {141 { 140 1140 | 140 1140
150 FSW | 150 j1,0 | 151 {151 | 149 9 51 1150 | 151 }150 | 151 1150
160 FSW | 160 1159 | 161 1161 | 159 9 60 1160 | 161 1160 60 1160
170 FSW | 170 1169 | 171 1171 | 169 [169 | 170 1170 | 170 0 | 170 }170
180 FSW | 180 [179 | 181 |181 | 179 1179 | 180 [180 | 180 0 | 180 [180
190 1189 | 191 {191 | 189 1189 90 1190 | 190 1190 | 190 {190

200 FSW | 200 1199 | 201 1201 | 199 {199 | 20 | 200 {200 | 200 {200
210 FSW | 210 211 1211 209 | 210 [ 210 1210 { 211

—220 FOW | 220 {220 } 221 1221 | 219 1219 | 220 1220 | 220 1220 | 220 1220
230 FSW | 222%| - 22%| - *| - | 222#[ - | 220%| - | 222%| -

Indicates no reading taken

Readings outside of +2 FSW specification
Descent

Ascent
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Figure B21
PRESSURE TRANSDUCER ACCURACY/TEMPERATURE SENSITIVITY
93°F WATER TEMPERATUKE, DIVE #3
10 FSW INCREMENTS
DIVETRONIC UDM

UDM Depth Reading .

Chamber
Depth Unit 889 | Unit 215 | Unit 836 | Unit 795 | Unit 864 | Unit 861
Q |l - 0] - Q] - = Q0 | - Q| -

10 | 10 10 | 10 10 | 10 10 | 11 10 { 10| 10 { 10
20 FSW | 20 1 20 | 204 211 201201 21 121 1 20 | 20 19 | 20

30 30 | 30 30 | 30 30 ¢ 31 1 30 } 30 29 | 30

30

40 | 40 40 | 4] 40

50 FS 30 1 350 20 | 51 20 50 1 50 | 350 | 50 49 | 50
60
10

39 | 40 |40 )] 30 [ 40 ]| 39 | 39
50

60 | 60 | 61 60 | 59 60 | 60 | 60 | 60 { 59 | 59
69
79

|
I Lt Uy T Uy Ty Py Ty v T by T
}
|
|
|

70 FSW 20l nlzai 70 721 70| 70 70| 70| 69
- _soFsw | 80 /8 | 81|38 | g0 81 ! 81| 80|80 79| 80
90 FsWw | 90 190 | 91 101! 90|90 ] 91 ]91] 90 !90! 90l 90
_200 Fsw | 100 l100 | 301 |201 | 100 | 99 | 201 {101 | 100 [100 | 100 {100
| 110 Fsw | 210 130 | 231 fa33 | 130 130 | 2110 Jaa1 | 210 fi10 | 109 1110
| 120 Fsw | 120 {120 | 121 1121 | 120 (119 | 120 1120 | 120 1120 | 120 {120
230 Fsw | 130 230 | 131 |31 | 130 {130 | 132 |231 | 130 [130 | 130 |130
140 1140 | 141 241 | 140 |140 | 141 |141 | 140 l140 | 139 l140
150 Fsw | 150 1150 | 351 las1 | 150 [aso | 151 [as1 | 150 {150 | 150 |150
_160 FsW | 160 f160 | 161 {161 | 2160 [159 | 160 |160 | 160 1160 | 160 |159
170 1170 | 271 |a73 | 170 |169 | 171 J170 | 270 170 | 170 169
_130 Fsw | 180 f180 | 179 |279 | 180 [180 | 181 |181 | 180 180 | 180 |179
190 FsW | 390 {190 | 190 |2191 | 189 [189 | 190 l190 | 190 {190 | 190 |189
_200 FSW | 200 {200 | 201 {201 | 199 |299 | 200 |200 0 |200 | 199 [199
210 FsW | 210 1210 | 211 |211 | 200 |209 | 210 {230 | 210 |210 | 209 |209
220 |

220 FSW | 220 220 | 220 220 | 219 1219 | 220 220 1220 | 219 1219
230 FOW | 222%) - 222%| - 222%| - 222% 222%| — 221%] -

- Indicates no reading taken

* Readings outside of +2 FSW specification
l Descent

1t Ascent

B2-10 [
|
|

N N N R N R RN LA R = SN SRR N St I B s i AR




Figure B22
PRESSURE TRANSDUCER ACCURACY/TEMPERATURE SENSITIVITY
93°F WATER TEMPERATURE, DIVE #4
| 10 FSW INCREMENTS
DIVETRONIC UDM

UDM Depth Reading

) Chanber
Depth Unit 889 | Unit 215 | Unit 836 | Unit 795 | Unit 864 | Unit 861
i 1 { ) O T 1 4 1 i 1 i 1
0 - [ 0| - 0| - 0l - 0] -
10 FSW 10 1 10 | .10 1 10 10 1 10 10 A0 9 9 10 t 10
~—20 FSW | 20 20 120 1 20 £ 201 201 20 19 1 19 297_29_.

—30 FSW 30 | 30 | 30 | 30 30 | 30 30 | 30 29 | 29 30_| 30
40 | 40 40 | 40 40 | 40 40 | 40 39 | 39 40 | 40

5 so |so| so|sol solso! so)so]| a9 |a0] so] so
60160 60 l60] 6059l 60|60l 52§59 60| 60
_70Fsw |l 70170 70120 70 169 | 7201701 69 {60 | 70| 70
80 FswW | 80 ag_j__sg__ag 80 |79 ] 80 [80) 79|79 ] 80180
_ooFsy | 90!90] 90]90) 90|90} 9090l 898 | 90l 90
100 {100 | 100 f100 | 99 | 99 | 100 |100 | 99 | 90 | 100 |a00

110 FSW ! 110 1110 | 110 1110 | 109 1109 | 110 (110 [ 109 1109 | 110 {110

120 FSVW | 120 1120 { 120 1120 ¢ 119 1119 | 120 1120 | 119 1119 | 120 1120
v 130 FSW | 130 1130 | 130 1130 1129 | 130 1130 | 129 1130 | 130 1130

! 140 FSW | 140 1140 | 149 1140 ] 139 1139 | 140 1140 | 139 1139 | 140 140
150 FSW | 150 }150 | 150 1150 | 149 1149 | 150 1150 | 149 1150 | 150 |159

“; 160 FSW | 160 1160 | 160 1160 | 159 1159 | 159 |159 | 159 (159 | 160 1159 i
L 170 1170 { 170 1170 ! 169 |169 | 169 169 | 169 1169 | 170 1169
; _180 FSVW | 180 1180 | 180 |180 | 179 1179 | 179 1179 | 179 1179 | 179 1179
190 FSW | 190 1190 | 190 1190 | 189 9 | 189 1189 | 189 1189 ! 189 189
200 FSW | 200 1200 | (200 | 199 1199 | 199 1199 | 199 1199 [ 199 }199

2

1
I
— |
—210 FSW | 210 1210 | 210 (210 | 209 ]209 | 209 {209 | 209 {209 209 l
220 FSW | 220 [220 | 220 {220 ! 219 |219 | 219 j219 | 219 {219 | 219 {219 |
230 FSW | 222*| - | 222%] ~ x| - 222%| — 222%] - 222%| - !
- Indicates no reading taken ‘
* Readings outside of *2 st specification
{ Descent
t Ascent
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Figure B23
PRESSURE TRANSDUCER ACCURACY/TEMPERATURE SENSITIVITY
93°F WATER TEMPERATURE, DIVE #5
10 FSW INCREMENTS
DIVETRONIC UDM

UDM Depth Reading

Chamber
Depth | Unit 889 | Unit 215 | Unit 836 | Unit 795 | Unit 864 | Unit 861
L 11 T L 1 T L 11 T Tt T 1
0l ol - ol - ol - 0 | - 0] -

_torsw| 10l30f 30030} 10110 20030l 10010l 10110
20 FSW ! 20 1 20 | 20 | 20 20 | 20 20 1 20 | 20 [ 20 1 20 | 20
_30orsw!| 30130 30]3 ]| 30l30] 30l30l 30|30/l a30]la30
a0Fsw | 40 | a0 | 40l 40| 40| 30| 40 40| a0l a0l a0l 40
_sorsw| so!so| solsol| 49|49 | =also] solso| a0 s0
6o Fsw | 60 | 60| 601 60| 59 |59 | 60 )60 | 59|60 5960
_z0Fsw| 20170} 20170 69 | 69| 70 170 70 170 69| 70
_8soFsw| 80 [80 8 |80] 79179 9 180] 80| s0l 79
_90FsWw ]| 90}90]| 90]90]| 89 |a ] 9090 9090 | 90
100 Fsv | 100 |100 | 200 [100 | 99 | 99 { 99 |100 | 100 |300 | 99 {100
110 Fsw | 130 1110 | 130 |330 | 109 1309 | 110 1110 | 110 l110 | 110 l110
120 FSW | 120 1320 | 120 1121 | 119 1119 | 120 1120 | 120 1120 | 119 {120
130 Fsw | 130 [130 | 130 |231 | 120 1320 | 130 [130 | 130 [330 | 3130 l130
240 PsW | 140 {140 | 140 |140 | 130 |139 | 140 |140 | 140 {140 | 130 {130
_150 FSw | 150 [150 | 150 {150 | 149 |149 | 150 [150 | 150 {150 | 149 [140
_160 FSW : 160 [160 | 160 |160 | 159 |1s9 | 159 |1so | 160 |160 | 259 liso
270 Fsw | 170 [170 | 170 la7c | 169 |369 | 169 l169 | 2170 |170 | 169 l169
180 Fsw | 180 [180 | 180 |180 | 179 |379 | 179 l179 | 180 [1s0 | 179 [170
_190 FsW | 190 {190 | 190 190 | 180 |189 | 189 [189 | 199 |190 | 189 |189
_200 FsW | 200 {200 | 200 {200 | 199 {199 | 199 {199 | 200 {200 | 199 199
MJ&_HL_HLIIL_ZQLIQL_ZQL&QL_HLHL_MLZQL
220 FSW | 220 1220 | 220 220 | 219 (219 | 219 1219 | 220 1220 | 219 [219
—230 FOW | 222%| — | 222%| - 222%| - 222%| - 222%| - rl -

— Indicates no reading taken
* Readings outside of +2 FSW specification

| Descent
1t Ascent
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Figure B24
PRESSURE TRANSDUCER ACCURACY/TEMPERATURE SERSITIVITY
93°F WATER TEMPERATURE, DIVE #6
10 FSW INCREMENTS
DIVETRONIC UDM

|
. Chamber UDM Depth Reading
Depth Unit 889 | Unit 215 | Unit 836 | Unit 795 | Unit 864 | Unit 861
) 1 ) 1 | 1 | 1 1 t i !
- Q1 -~ 0] ~ Q| - [ Q]| -

~lorFpsw | 10110} 10110 ! 201110} 101 10 9 110t 101 10
_ZD_.ESSL_ZL_ZQ_L_?.D__ZQ__J%_ZO 20 120 { 19 1201 20 1 20
30 130! 301301 30131 30§34 291301 301 30
A0 FSW | 40 { 40 | 40 1 40 | 39 ! 39 | 40 ] 40 | 39 | 39 | 40 | 40
SO PSW | S0 | S50 | S0 1 S0 ] 49 | 49 | S0 | S0 | 49 | 49 | 50 [ 50
60 FSW | 60 1 60 | 60 | 60 | 59 ) 59 | 60 )1 60 | 59 | 59 | 60 [ 60
10 F! 70 1 70 | 70 170 ! 69 | 69 { 70 1 70 { 70 ! 69 ! 70 | 70
80 FSW | 80 1 80 1 80 180 1 79 {79 1 80 { 80 | 80 { 79 | 8031 80
90 1 90 | 90 L o911 89 | 89 | 90 | 90 | 89 [ 89 | 90 | 90
100 | 99 | 100 1100 | 99 | 99 | 100 {100 | 99 | 99 | 100 1100

_110 FSW | 130 110 | 110 jai1 | 109 fa0e | 110 fa1o | 110 1109 | 130 [310
_J20 FSW | 120 1119 | 120 1121 | 119 1119 | 125 1120 | 119 [119 | 120 1120
~130 FSW | 130 {129 | 130 1131 129 1 130 1129 | 130 130 | 130 {129
140 FSW | 140 1140 | 140 1141 | 139 1139 | 140 1139 | 140 1139 | 140 [139
150 FSW | 150 {150 { 150 1151 | 149 {149 ! 150 1150 | 150 1150 | 150 1150
160 Fsw | 160 {150 | 160 [1s1 | 150 |150 | 160 {160 | 2160 |59 { 160 {159
170 FSW | 169 1169 [ 170 1170 | 169 1169 | 169 1169 | 169 1169 | 170 1169
-180 FSW | 179 1179 | 180 1180 | 179 1179 | 179 1179 | 179 1179 | 180 {179

189 (189 | 190 1190 | 189 1189 ! 189 1189 | 189 1189 | 189 /189

200 FSW | 199 [199 | 200 1200 { 199 1199 [ 199 1199 | 199 |199 | 199 |199

—210 FOW | 209 1209 | 210 1210 1200 | 209 1209 | 209 1209 { 200 1209

220 FSW | 219 [ 220 1220 | 219 1219 | 219 1219 | 219 12])9 | 219 |219
*| - 222x1 — | 222%| - x| - x| — *x| -

- Indicates nc readi:: taken

* Readings outside of +2 FSW specification
|l Descent

Tt Ascent
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APPRNDIX Cl
LORG TERM STABILITY/TEMPRRATURE SERSITIVITY DATA
ORCA UDM AT 29°F AND 93°F

Actual chamber depth «nd comparative UDM depth readings are charted at
£0 FSW increments snd 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 29°F and 93°F water temperatures. Six dives are charted
for each UDM at each water temperature to a maximum depth of 230 FSW,

KEY:

Figure C1 : ORCA UDM at. 29°F Water Temperature, Dive #1
Figure C2 : ORCA UDM at 29°F Water Temperature, Dive #2
Figure C3 : ORCA UDM at 29°F Water Temperature, Dive #3

Figure G4 ¢ ORCA UDM at 29°F Water Temperature, Dive #4

Figure C5 : ORCA UDM at 29°F Water Temperature, Dive #5
Figure C6 : ORCA UDM at 29°F Water Temperature, Dive #6
Figure C7 : ORCA UrM at 93°F Water Temperature, Dive #1
‘ Figure C8 : ORCA UDM at 93°F Water Temperature, Dive #2
{ Figure C9 : ORCA VDM.at 93°F Water Temperature, Dive #3

Figure C10: ORCA UDM at 93°F Water Temperature, Dive #4
Figure Cll: ORCA UDM at 93°F Water Temperature, Dive #5
1 Figure C12: ORCA UDM at 93°F Water Temperature, Dive #6
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Figure C1
LONG TERM STABILITY/TEMPERATURE SENSITIVITY
29°F WATER TEMPERATURE, DIVE #1
30 MINGTE 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 |BeginjEnd |Begin|{End |Begin|End {Begin|End |Begin|End
orsw| of -| of -] o - of -] of -1 ol -
_SorsWw | 50 | so| s3cf s3*|] 51| 511 501 s0 50 | 50 49 | 49
100 1100 102 | _J.QZ_LJ.Q_Z_L],Q_L 100 1100 101 1101 929 99
150 1149 | 153%1]153%} 152 1151 ! 150 {150 | 151 1151 | 149 149
200 FSW | 199 1199 | 203*1203*| 201 1201 | 200 1200 | 201 1201 | 199 1199
_mm__m_zza__zmzm_mm_zmm_mjm_zmm
200 FSW | 199 1299 | 203*1203*! 201 (201 | 200 1200 | 200 |200 | 199 |199
150 FSW | 150 1150 | 153*1153*] 15)1 1151 150 |150 151 1151 [ 149 1149
100 FSW | 100 1100 | 102 1102 | 102 1102 | 100 (100 | 101 |10l 99 | 99
50 FSW SD 50 | S53%] 53*% 31 511 50 ] S0 50 | 50 49 49
0 = 0 - 0 - 0 = 0 = Q | -

Begin = UDM Depth Reading at Begimning 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 C2
LONG TERM STABILITY/TEMPERATURE SENSITIVITY
29°F WATER TEMPERATURE, DIVE #2
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 |[|Begin{End |Begin|End
oFsWw| o} - ol - ol - 0ol - ol - 0] -
SO FsW | so|sol 52 50 | 50 | sa*| s3*] so0 |50 ) s1| 51
_100 Fsw ! 100 1100 | 102 | 101 {101 | 102 | 101 {201 | 102 [102
_150 PsW | 150 {150 | 152 |152 | 151 [151 | 1s53*|1s3*| 151 |151 ! 153%|153*
230 FSW | 226%1226%1 23] 1231 | 230 1230 | 233%1233%| 230 1230 | 232 1232
200 PsW | 200 1200 | 201 1201 | 200 |200 | 203%|203%| 200 {200 | 203%]|203%
_150 FsW | 150 |150 | 152 152 | 151 |as1 | 1s3x]1s3+]| 351 |151 | 153%|153%
_100 Fsw | 100 |100 | 102 J102 | 101 101 | 102 l102 | 101 |101 | 102 |102
_SoFsWw | solso| s2 50 | 50 | 53x] s3*| so | S50 | s1 | 51
_OFSHW | 0 -1l o} -1 o -1 0 -1 0 -1 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 C3
LONG TERNM STABILITY/TEMPERATURE SENSITIVITY
29°F WATER TEMPERATURE, DIVE #3

30 MINUTE STCPS AT 50 FSW INCREMENRTS AND AT 230 FSW
ORCA UDM

UDM Depth Reading

Chamber
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
ol - ol - 0ol - ol -1 ol - ol -
50 1 50 S1 1 50 50 | 50 S50 5¢) 52 50 50
100 FSW | 100 1100 { 100 1100 | lcl 1101 | 100 D 1 102 | 100 1100
149 [149 150 1150 1 151 1151 ! 150 150 | 1S2 2 1 150 1150
200 FSW | 200 1200 | 200 1200 | 201 1201 { 200 1200 [ 202 1202 { 200 1200
230 FSVW | 227*1227*] 229 1229 | 230 1230 | 229 1229 | 231 [23] | 226%1226%
—200 FSW | 200 1200 | 200 1200 | 200 1200 [ 200 1200 [ 201 1201 | 200 1200
150 FSW | 149 1149 150 1150 151 1151 § 150 1150 152 | 150 1150
100 FSW | 100 1100 | 100 1100 1 1ol 110l ! 100 jloo | 102 (102 | 100 1100
50 FSW 50 1 50 1 S50 | S0 S0 | 50 50 20 52 1 52 50 50
0 FSW 0 = 0 - Q -1 0 = 0 =1 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 apecification
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30 MINUTE STOPS AT 50 FSW INCREMENTS ARD AT 230 FSW

Figure C4
LONG TERM STABILITY/TEMPERATURE SENSITIVITY
29°F WATER [EMPERATURE, DIVE #4

ORCA UDM

UDM Depth Reading

Chamber
Depth |Unit 1173 |Unit 1172 |Unit 1171 |[Unit 0107 |Unit 1170 lUnit 1190
Begin|Bnd |Begin|{End |Begin{End |Begin|End |Begin{End |Begin|End
0 FSW - 0 - 0 - 0 - 0 - 0 -
S50 FSW | SO | 50 30 | 50 51 1 51 30 | 50 5 31 5Q | 50
_J.Q_Q_[SH_‘_J.Q_],__].QL 100 1100 § 102 11062 ] 100 1100 J 101 1101 1 100 | 99
50 1150 | 150 j1s50 | 151 1151 | 150 1150 { 151 1151 | 149 1149
200 FsW | 203 1201 | 200 {200 | 201 |201 | 200 {200 ! 201 |201 } 199 l190
230 FSW | 223+|223%| 232 1232 | 231 {231 | 226%1226%| 230 {230 | 223%]223%
200 Fsw | 201 f201 | 200 J200 | 201 f201 | 200 {200 | 201 1204 ; 99 [199
150 FSW ! 150 1150 | 150 1150 § 151 1151 | 150 {151 | 150 1151 ) 14% 1150
100 FSW | 101 1101 { 100 1100 | 102 1102 ' 100 1100 | 1031 {102 99 | 99
—30 FSW 20 | 50 50 _1 50 51 1 51 59 1 50 S92 1 52 SO : 31
Q _FSW 0 — 0 = 0 - Q - 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 22 FSW specification
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Figure C5

LONG TERM STABILITY/TEMPERATURE SENSITIVITY

29°F WATLR TEMPERATURE, DIVE #5
30 MINUTE STOPS AT 50 FSW INCREMENIS AND AT 230 FSW
ORCA UDM

UDM Depth Reading

Chamber
Depth |Unit 1173 |Urit 1172 |Unit 1171 |[Unit 0107 {Unit 1170 |Uait 1190
Begin|End |Begin|End [Begin|End |Regin|End |Begin End Begin|End
0 rsw 9 = - 0 = 0 - 0 - 0 -
so FsWw | 50 | 50 | s1 )51 ] sojsol) s521'521] s01]50 49 | 49
_loo Fsw | 100 1100 | 102 1102 I 100 (100 | 202 1102 | 101 1101 929 99
150 FSw | 150 1150 | 151 1151 1 151 1150 ! 152 1152 1 151 1151 | 149 1149
200 FSW | 200 1200 | 201 1201 | 200 {200 | 203*1203%! 201 j201 | 199 1199
23C F3W | 226%1226%1 232 1231 | 230 123] | 233%1233%} 230 1230 | 224%)224%
200 FSW | 200 1200 | 201 1201 | 200 1200 | 202 [203*{ 200 1200 | 199 199
_150 FSW ! 150 {150 | 150 {151 150 1150 15 152 151 1151 149 1149
100 FSW | 100 (100 | 102 1102 | 100 1100 | 102 | 101 1101 99 | 99
50 FSW 50 | 50 | s11]s1 so | s1 1 52152 50 | 50 | 49 | 49
—OFSW | © =10 =10 =10 =10 -1 0 =

Begin = UDM Depth Reading at Beginning of 30 Minute Depth Stop
End = UDM D2pth 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/TEMPERATURE SENSITIVITY
29°F WATER TEMPERATURE, DIVE #6

30 MINUTE STOPS AT 50 FSW INCREMENTS AND AT 230 FSW
ORCA UDM

UDM Depth Reading

Chanmber
Depth |[Unit 1173 [Unit 1172 |Unit 1171 [Unit 0107 |Unit 1170 |Unit 1190
BeginiEnd |Begin|End {Begin{End |Begin|End |Begin|End |Begin|End
—0 XSV 2 = 0 = 0 = 0 = g1 - Qal -
_Sorsw ! so | sq sz1 52| s1 151! _s0o]sol sol so 50 | 50
100 ¥SW | 200 1100 | 102 | 101 1101 | 100 1100 | JOl1 1101 | 100 1100
230 FSW | 149 1150 | 152 | 151 1151 ! 150 1150 | 151 1151 | 149 1149
200 FSW | 199 | 202 1202 | 201 1201 | 200 {200 | 200 {201 | 200 1200
230 FSW | 229 {229 | 232 {232 { 231 1231 | 226%{226%| 230 1230 | 224%{224%
200 ¥SW | 200 1200 | 202 202 | 201 [204 | 200 {200 | 200 {200 | 200 {200
150 FSw | 150 [150 | 152 151 115 150 {150 | 151 !1s1 | 149 |149
100 FSW | 100 {100 | 102 1102 | 101 1100 ! 100 1100 | 100 1100 | 100 {100
20 FSW 5 20 22 1 52 51 1 51 30_| S0 20 | 30 20 | 50
QFSW | o0 =10 -1 0 -]l 0 -1 9 -1 0 =

Begin = UDM Denth Reading at Beginning of 30 Minute Depth Stop
End = UDM Depth Reading at End of 20 Minute Stop
- Indicates no reading taken

®* Readings outside of +2 FSW specification
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Tigure C7
LONG TERM STABILITY/TEMPERATURE SENSITIVITY
93°F WATER TEMPERATURE, DIVE #1
30 MINUTE STOPS AT 50 FSW INCREMENTS AND AT 230 FSW

ORCA UDM

Chamber UDM Depth Readiny

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

Begin{End |Begin|End |Beginu|End |Begin|3nd |Begin|End |Begin|End

—OFSW | 0} = Q.1 = -0 1 - 01 = 0 | - 0 | -
_SorSW l so1s 50 ! so| 50 {50 51511 aox| aou| 50 | 50
200 ®sw | 100 1100 | 100 |100 | 100 |100 | 101 {203 | 95*| 95%) 99 |100
_aso rsw | 150 |1%0 | 150 |149 | 151 liso | 151 lasi | 1s4a®|1a4n| 149 149
200 PSW | 299 |200 | 199 |199 | 200 |200 | 201 201 | 193*|193*| 199 l199
230 FSW | 229 1221+ 229 1229 | 230 1230 | 23] 1231 | 2]0%12]]%| 228 1229
_200 FSy | 187+1177#{ 199 1199 mJQ_QT | 201 [201 | 180%[173%} 199 199
150 pew | 123%l122+] 150 |>&n | 351 l151 | 151 l1s3 x]116%| 149 [149

100 FsW | 73*| 67%! 99 | 99 ; 100 j100 | 101 {101 | 99 | 61*| 99 {100
_sorFsw | 16*] 51| s0 149 | so | 49| 51151 %] ag»| 50 | 50

—OFS¥W | - 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

* Readings outside of 2 FSW specification
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30 MINUTE STOPS AT 50 FSW INCREMENIS AND AT 230 FSW

Figure C8
LONG TERM STABILITY/TEMPERATURE SENSITIVITY
93°F WATER TEMPERATURE, DIVE #2

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 |Begin|End |Begin|End

—OFSW | 074 -~ 0l = Q9| - 9} - Q1 - o] -
30 FSW A11* *) 49 | 49 49 ! 49 30 1 50 | J3%f S*| S0 | 50
400 FSW | 13%} 6x] 99 ;100 ! 100 1100 | 100 1100 | 18%} 8*! 99 1100
~130 FSW 19%1 19+1 149 1149 } 150 {150 | 149 1150 | 29*! 24%] 149 |149
—2u) FSHW AS%) 30%] 199 1199 | 200 1199 1 199 1199 661 62*| 199 1199
230 FSW | seed ssel 229 1229 { 229 laza | 229 1229 | oq*| ayal 229 1229
200 FSW | S9%}| 79%1 199 1199 ! 198 [198 | 200 1199 85%1101%; 199 [199
- 33x] 17%] 149 1149 |} 150 1150 | 150 {149 S3x1 4l*| 149 [149
100 FSW | _Qx} Q%! 9 99 98 ! 98 1 100 1100 Okl _O®i 99 | 99
—30 FSW Qxl O%1 49 1| 50 49 | 49 | 50 | 30 Q%1 3*\ 50 | 50
— O FSW | -~ 0 = Q L = Q| - 0 = 0 = 0

B;gin = UDM Depth Reading at Beginning of 30 Minute Depth Stop
End = UDM Depth Reading at End of 30 Minute Stop
- Indicates no rsading taken
% Readings outside of +2 FSW gpecification
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Figure C9
LONG TERM STABILITY/TEMPERATURE SENSITIVITY
93°F WATER TEMPERATURE, DIVE #3
30 NINUTE 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 i{Begin{End |Begin|End |Begin|End |Begin{End |Begin!End

—0 FSW_ [+ I Q! - 0l - 0l - Q| - ol -
8% *®| 49 | 49 49 | 49 49 | 50 Gh| 3% 50 50
_100 FSW ox| a®| 99 99 | 99 | 99 {100 on| 6x| 99 [ 99

99
150 rsw | 14x| 6*| 150 1150 | 150 l150 | 149 |149 | 13%! o#| 149 149
200 Fsw | 14x) 17+ 200 {199 | 198 f198 | 190 l199 | 20| asx| 199 |199
230 FSW k|1 }ZL_ZZQ_IZL_ZZE.ME._ZZLLZﬂ 75%; 88*%] 229 1229
200 FsWw | 6| 27*| 200 199 | 197%|106+| 199 1199 | 63| 6ax| 299 l199
_150 FSW ox| o#| 150 1150 | 147#|146*| 140 |149 | 20%]| 17+| 149 |149

100 FSW Qi S%! 99 | 99 97%! 97%1 99 | 99 4x| 6%] 100 | 99
50 FSW_ Q&) 3%1 49 | 49 47*) A7*| S50 | 50 Qk} 3% 350 | 50
0O FSW — o4 - 10 - 0 - Q — Q = 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 Cl0
LONG TERM STABILITY/TEMPERATURE SENSITIVITY
93°F WATER TEMPERATURE, DIVE #4
30 MINUTE STOPS AT 50 FSW INCREMENTS AND AT 230 FSW
ORCA UDM

Chazber - UDM Depth PReading

- Depth |{Unit 1173 [Unit 1172 |Unit 1171 |Unit 0107 {Unit 1170 |{Unit 1190

. Begin|End |Begin|End |Begin|End |Begin Begin|End |Begzin|Erd
| 0 ol-_1| ol- 0]~ Q. -1 o]
; g% uL__:_o__:_o__g_g_T 49 6%] 4x] 49 | 50
| 16*1 11*] 100 1100 | 97* I=! 99 1lx] g=! 100 1100
E 150 rsy | 22%1 17+| 150 [1s0 | 147*]|146%]| 148 | 15*| 11*| 150 [149

200 FSW | 32%] 3gx| 199 | 196%[195*] 197* 53%| 69*| 199 1199

10ax2a#]| 229 |220
88*| gov| 190 199
| _a2~] al1x| 149 |149
sl 7%| 99 | 99
ax| 6x| 50 | sg
-l o] - 0

200

| MJQLJQLJZLIZQTM.Z&

| 200 FsW | 21| 317%| 190 1199 | 194axl194#] 19

] sel 7e| 150 1149 | 124wf14an] ja9

gr| 3¢} 99 | 99 | ose| gaw| o8
49

1e| 2x| 49 | 49 | 45| 43
= 0l - ol - 0

- kEEEEEERE] E

Begin = UDM Depth Reading at B'eginning of 30 Minute Depth Stop
Znd = UDM 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 TERM STABILITY/TEMPERATURE SENSITIVITY
$3°F WAYER TENMPERATURE, DIVE #5
30 NINUTE STOPS AT S0 FSW INCREMENTS AND AT 230 FSW
ORCA UDM

UDM Depth Reading

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

Begin|End |Begin|{End |Begin|End |{Begin|End |Begin{Znd |Begin{End
~ O rsy i 0! - 0| - 0l - 0} -~ [ Q
_sorswl 1sel joe] 49 1 49 | s0 | 50| s0 | 49 | 14%] 10| SO | 49
100 _rsw 17*] 12%! 99 ! 99 S99 199 99 99 16%] 13x] 99 | 99
A9 1149 | 149 1149 | 149 1149 211 17%! 149 1149

200 FSW | 3o0=! 17+ 199 1199 | 198 1197%] 198 1198 | 73%| 10%! 198 [108 '
230 FSW 1 27%| 21%\ 230 1230 | 227%1223%| 2238 28%1 44w 228
-200 FSW | 11%} 22+%} 200 1199 1 l96%1192% 4% 42%1 198 1199
_1So FSW ! 1#| 7% 149 [149 | l44w]]42e AQx| 41%] 149 [14y

167*1165*] 100 99
126%1247% 50 50
247%| - 0| -

- 1..100 FSW Q) 2%! 100 1100 | 94%] 9z2*
sorsy | oe] el s0 | 49 | aan| 42e
_orsw| of- 0| - 9| -

- B B b B
4+ b B B

| Begin = UDM Depth Reading at Beginning of 30 Minuce Depth Stop
End = UDM Depth Reading at End of 30 Minute Stop
+ Indicates unit went blank
— Indicates no reaulng taken
* Readings outaide of +2 FSW specification
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Figure Cl2
LONG TERM STABILITY/TEMPERATURE SENSITIVITY
$3°F WATER TEMPERATURE, DIVE #6
30 MINUTE STOPS AT 30 FSW INCREMENTS AND AT 230 FSW
ORCA UDM

? Chamber UDM Depth Reading
. Dupth |Dnit 1178 |[Unit 1172 |Unit 1171 [Unit G107 |Unit 1170 |Unit 1190
Begin|Brd |Begin{End |Begin|End {Begin|End |Begin{End |Begin{End
0 FSW 0] ~ 01 - 0l - 0.1 - 0] - Q1 -
—30 FSw J3»] 7=! 49 | 30 + + 49 1 49 | + + SC | 49
100 FSW 13* *l 99 3 + 99 | 99 + + 99 | 99
150 FSW ! 16%| + 149 1149 + + 1 )48 1149 | + | + 149 _115Q
. 200 FSW + + ] 200 1200 + + 198 1199 + 1 + 199 1199
230 FSW {4+ |+ | 231 + |+ 1228 1228 1 + |+ | 229 1229
_200 FSW + + JQLTM I + 199 119 + 4+ 1199
150 FSW_ + + 149 1149 + + 149 }149 + + 1 150 1150
_100 FSW + + 100 1100 | + + 100 1. 99 | + + 100 ]l00
. + + 0 ¢ 30 + + 50 | 50 + + 50 50
0 FSW + + Q| - + =+ Q] - + + Q| -

Begin = UDM Depth Reading at Beginning of 30 Minute Depth Stop
End = UDM Depth Reading at End of 30 Minute Stop

+ Indicates unit went blank

~ Indicetes no reading taken

* Readings outside of 2 FSW specification
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APPENDIX C2
LONG TERM STABILITY/TEMPERATURE SENSITIVITY DATA
DIVETRONIC UDM AT 29°F ARD 93°F

Actual chambar depth and comparative UDM depth readings are charted at
SO 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

g descent and ascont as 29°F and 93°F watar temperaturea. Six dives are charted
for each UDM at each water temperature to a maximum depth of 230 FSW. F
‘ KRY:

Figure C13: Divetronic UDM at 29°F Water Temperature, Dive #1

Figure Cl4: Divetronic UDM at 29°F Water Temperature, Dive #2
i Figure C15: Divetronic UDM at 29°F Water Temperature, Dive #3
% Figure C16: Divetronic UDM at 29°F Water Temperature, Dive #4
Figure Cl17: Divetronic UDM at 29°F Water Temperature, Dive #5
Figure C18: Divetronic UDM at 29°F Water Temperature, Dive #6
Figure C19: Divetronic UDM at 93°F Water Temperature, Dive #1
Figure C20: Divetronic UDM at ,3°F Water Temperature, Dive #2
Figure C21: Divetronic UDM at 93°F Water Temperature, Dive #3
Figure C22: Divetronic UDM at 93°F Water Temperature, Dive #4
¥Figure C23: Divetronic UDM at 93°F Water Temperature, Dive #5
Figure C24: Divetronic UDM at 93°. Water Temperature, Dive #6

- wm oA
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Figure Cl3
LONG TERM STABILITY/TENPERATURE SENSITIVITY
29°F WATER TEMPERATURR, DIVE #1
30 MINUTE STOPS AT SO FSW INCREMENTIS AND AT 230 FSW
DIVEYRONIC UDM

Chaaber UDM Depth Reading
Depch | Unic 229 | Unac 205 | Onte 236 | oats 795 | Unts aea | univ g6l
Begin{End [Megin|End |Begin|End |Begin|End |Begin|End |Begin|Ena
—orw | o | - -1 of -| of - of - ol -
_sorsw | sylsil solso 1| sols1| sojsnl| s1!s1
_19.0_!81__192_1 _mjm 101 1101 1 101 1102 1 1G1 1101 | 102 1102
_150 rsw | i32wi1sas] 281 1153 | 182 J1s2 | 1s3wl1s3e| 152 |152 | 153%|153*
—200 PS { 203s{z03s] 200 1200 | 203wiz03%| 203w|z03%! 202 {202 | 203w 203w
230 FSW | 2)3%1713%] 272%1222%1 213* 1 222%1222%1 222%1222%]| 222*1222*%
150 Fgw | 1sawiisae] 151 [151 | 182 | a33*l1s3e| 152 |152 | 153% {1530
-400 FSW | 102 1102 1 100 1100 { 101 1101 | 102 1102 ! 101 1101 | JO2 1102
_soFsW | s1]51 sc__s_q_‘__s_.L 51| si!{5i) 501501} 51153
0 FSW 0 = 0 - 0 - Q - 0 - 0 -

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

End = UDM Depth Reading at End of 30 Minute Stop
- Indicatea no reading taken
* Readings outside of +2 FSW specifi:ation
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Figure C'4
LONC TBRM STABILITY/TEMPERATURE SFNSITIVITY
29°F WATER TEMPERATURE, DIVE #2
30 MINUTE STOPS AT 50 FSW INCREMENTS AND AT 230 I'SW
DIVETRONIC UDM

Chamber UDM Depth Reading
- Peot™ | unic ase | unte 215 | unte s36 95 | unit 864 | vnis 861
Begin|End |Begin|End |Begin|End |Begin|End {Begin|End |Begin|Fnd
—OFSW ! O =1 0 = ] = 0 = 01 - I
50 FsSv_ 31 51 20 | 30 51 1 51 51 51 S50 1 50 50 50
MJQLM.&HJQLJQLM..%M 100 :100 | 101 1101
_u_q_m__:.n_ﬁm 151 1151 | 153%]153* lsLT 150 Q.1 152 2
—200 FSW | 203*1203%| 202 1202 *#1203%1 203%1203*1 200 1200 | 202 1202
M_mmmmmmmLMJmm_mm
130 FSW § 152 | 151 1151 1 152 1152 [ 152 1152 | 130 1150 | 152 1152
100 FSW¥ | 101 1101 ! 100 1100 } 102 1102 | 101 1101 | 100 1100 | 101 {101
__ 50 FSW $1 151 5C { 50 31 1 51 50 1 S SQ 1 30 S50 ! S0
QF Q = Q = 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 aspecification
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Figure C15
LORGC TF3M STABILITY/TEMPERATURE S¥RSITIVITY
2¢ 'F WATER TEMPERATURE, DIVE #;

30 MINUTE STOPS AT 50 FSW INCREMENTS AND AT 230 FSW

DIVETRONIC

UM

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
—OFSW | O = 9 ! - 0 - 0 = 0 - 0 -
S0 _FSW 51 | S1 S0 1 S0 51 | S1 51 ! 51 30 | 50 51 | 51
-100 FSW | 102 1102 { 100 {100 ' 102 1102 | 102 110 101 {101 { 102 1102
150 FSW | 153»1153*} 151 1151 | 153%]153%] 153%1]153* 152 | 153*%1153%
200 FSW | 204%,204*]| 200 1200 | 203*{203%] 203*{203*! -0z 1202 | 204*%|204%
_zan_zsr__zn;m_zzzzhzz* 218% *| 222%1222%] 222%1222%] 222*1222%
—200 ESW | 204%1204%]| 200 1200 | 20Q3*%1203*! 203*12Q3*%] 202 1202 | 204*1203%
50 FSW | 153*1153*] 151 1151 | 153%1153%} ]153*|153*} 152 1152 ! 153%|]153%*
100 FSW | 102 1102 | 100 1100 | 102 1102 | 102 | 101 110l | 102 1102
50 FSW 51 1 51 S0 ! 50 51 1 51 51 | 51 S0 | 50 51 | 51
—0Q FSW | © - 0 - 0 - 1] - 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 x2 FSW specification
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Figure Clé
LONG TERM STABILITY/TEMPERATURE SENSITIVITY
29°F WATER TEMPERATURE, DIVE #4

30 MINUTE STOPS AT 50 FSW INCREMENRTS AND AT 230 FSW
DIVETRONIC UDM

Chamber UDM Depth Reading
Depth |~ l
Unit 889 | Unit 215 | 836 | Unit 795 | Undc 864 | Unit 851
Begin|{End |Begin|End |Begin|End |Begin|End BeginIEnd Begin|{End
0 _FSW 0 - 0 - 0 = 0 - Q = 0 =
S0 FSW 50 | 51 51 | 51 50 1 51 1 50 | 51 50 | S0 $1 1 51
100 FSW | 102 | ol 1101 | 102 1102 | 102 | 101 1101 | 102 1102
_130 FSW | 153%1]153*| 152 | 153%1153%| 153%1153%] 152 1152 | 153%1]153%
mmwﬂmq&mmmmmmm
_Mﬂ_mnmmmwnaﬁ_mjmmmmm
—200 FSW | 203%1203%1 201 {201 | 203*1203%! 203*1203%| 202 1202 | 204*]1204*
_m_zmj_m_um_m_m 153%1153% 153%] 152 1152 | 153%1153%
—100 FSW | 102 101 1162 { 102 1102 102 | 101 1101 [ 102 1102
50 FSW 51 1 51 ' 51 1 51 S1 | 51 51 | 51 S1 1 59 51 | 51
0 FSW_ 0 = 0 = (4] - 0 - 90 = 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 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 UDM Depth Reading
Depth
. Unit | _Unit 215 | Unit 836 ). .Unit 795 | Unit 864 [ Unit 861
Begin|Erd |Begin|{End |Begin|End |Begin|Znd |Begin|End [Begin|End
—_OoFSY | o0 - 0] - ol - ol = o | - ol -
50 FSW 50 51 50 50 50 51 49 50 50 50 50 50
100 FSW 1 102 110 10C 1100 | 102 1102 | 101 1101 101 1101 101 1101
_150 FSW | 153%*ji1%3%] 151 1151 | 153%i]53*! 152 1152 | 152 _liz__rm__]j_a_
mmmxmm&um&mmb&gﬁ:m
230 FSW | 212%12]12%} 222%1222%| 2L8%1216%]1 22]1%122]1%| 222%1222%] 222%1221*%
MMMJ@J&&MM.&MJ&Z—M—MM
150 FSW ! 153*|:53*] 151 1151 153%|153*] 152 1152 152 1152 | 152 13152
—100 FSW | 103*1103*! 100 1100 102 1102 101 1101 101 1103 101 1101
_sorsw | s1l1s1| solso] siisil s1ilsol soiso] 501 50
0 FSW 0 - 0 - Q - 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 C18
LONG TERM STABTLITY/TEMPERATURE SENSITIVITY
29°F WATER TEMPERATURE, DIVE #6

30 MINUTZ STOPS AT 50 FSW INCREMENTS AND AT 23C FSW

DIVETRONIC UDM
Chamber UDM Depth Readinug
Depth
Upit 889 | Unit Unit 836 | Unit 795 | Unit 864 | Unit 861
. Begin(End |Begin|End |Begin|End |[Besin|End  BeginiEnd |Bagini{End
Q FSW 1] = 0 - 0 - 0 - 0 = 0 -
50 FSW 50 1 5 50 1 50 50 1 51 | 51 | S1 20 | 5¢ 81 | 51
100 FSW., 102 1102 | 100 {100 102__19_2__},017_19_1 101 1101 MTLQZ_
150 FSW U 153*1153%] 151 1151 ) 153%|153%| 153%|153%] 152 | 154%*1154*
200 FSW | 404%1203*] 200 {200 | 204*1204%| 204*1203%| 202 1202 | 204*1204%
mummmmwmmmmznﬁmz;m
150 FSW | 1S3*1153%1 151 (151 ] 153%1153*%; 153*[153*! 152 1152 | 153*/153*
100 FSw | 102 1102 1 100 1100 | 102 1102 | 102 1102 | 101 1101 | 102 1102
.50 FSW 51151 50 1 50 51 1 51 51 1 51 50 1 50 51 | 51
0 FSW 0 - 0 - 0l - 0 - 0 = 0 -

Begin = UDM Depth Reading at Beginning of 30 Minute Depth Stop
End = UDM Depth Reading at Fud of 30 Minute Stop
- Indicates no reading taken
* Readings outside of +2 FSW 'specification
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Figure C-19
LONG TEFM STABILITY/TEMPERATURE SENSITIVITY
93°F WATER TEMFZRATURE, DIVE #1

30 MINUTE STOPS AT 50 FSW INCRIMENTS AND AT 230 FSW

DIVETRORIC

UDM

UDM Depth Reading

Chamber
Depth Unit_889 Unit 215 | Unit 836 { Unit 79% | Unit 864 | Unit 861
BaginiErd |Begin|End {Begin{End |Begin|End |Begin|End |Begin|End

—0 = ) -1 .0 - 0 - 0 - 1) -
50 FSW 50 | 49 51151 1 50 | 49 56 ! 50 SO0 | 50 | S0 | 50
100 FSW 29 1]100 | 101 1101 99 99 100 1100 100 }100 100 1100
150 FSW | 150 | 151 1151 ¢ 149 1149 | 151 1151 | 151 1151 | 151 |151
200 FSW ! 199 1199 201 (201 | 199 9 200 1200 200 | 200 1200 |
200 FSW | 199 1299 | 201 1201 | 199 1199 | 200 1200 | 200 1200 ! 200 1200
130 FSW | 150 1130 | 152 (151 | 149 1149 | 151 [1s81 ! 151 1181 | 151 {151
100 FSW | 100 1100 ! 101 !jo1 .t 99 1 99 1 100 1100 | 100 1100 | 100 0
SO FSW | 49 49 20 1 50 | 49 | 49 50 50 50 § 30 30 50
— 0O FSW 0 - 0 - 0 - 0 - 0_ =10 =

Begin = UDM Depth Reading at Eeginning 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-20
LONG TERM STABILITY/TEMPERATURE SENSITIVITY
93°F WATER TEMPERATURE, DIVE #2
30 MIRUTE STOPS AT S0 FSW INCREMENTS ARD AT 230 FSW
DIVETRONIC UDM

Chamber UDM Depth Reading

v 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
04 - 0 - 0] - Q0.J - 0 - 0 -

— 50 FSW 49 | 49 50 | 51 S50 4 50 30 | 350 30 | 50 20 | 50

100 FSW 99 ) 99 | 101 1101 99 | 99 | 100 1100 | 100 1100 | 100 101

150 FsW | 150 |1so | 1s1 11s1 | 1so {149 | 2s1 lasa | 1s1 las1 | 152 lisa
-200 FSW | 199 1199 201 1 199 1199 | 200 1200 | 200 1200 | 200 1200
230 FSW | 223%1223%] 222%1222%| 222%1222%| 222%1222%1 222%1222%| 222%1222*
200 FSW | 199 1199 201 ' 199 1199 | 200 1200 | 200 1200 1 200 1200
_150 FsW | 150 |150 | 152 {151 | 150 {149 | 151 l1so | 150 |1s0 | 151 [1s1
2ooFsw ! 99 {99 [ 101 302 | 99 § 99 | 100 {100 | 100 J100 | 100 {100
_SoFsWw | 49 | 490 ] s1 /51| a9 l49] 50|50 50]|50] sol 50
_oFsw| o | -] o | -] o -1 0 -1 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 takean

* Readings outside of +2 FSW specification
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Figure C-21
LONG TERM STABILITY/TEMPERATURE SERSITIVITY
93°F WATER TEMPERATURE, DIVE #3

30 MINUTE STOPS AT S50 FSW INCREMENTS AND AT 230 FSW

DIVETRONIC

UDM

UDM Depth Reezding

Chamber
Depth Unit 889 | Unit 215 | Unit 836 | Unit 795 | Unit 864 | Unit 861
Begin|End |Begin|BEnd |Begin|End |Begin}End |Begin|End |Begin|End
0 -1 o] - 0 - 0 =1 0 - 0 =
soFsWw | solsol sol sa 50 | 49 50 | S0 50 § 50 | 49 | a9
JooFSW | 99 1 99 1201 102 | 99 | 99 | 100 {101 | 100 1100 | 100 |100
149 1149 | 152 | 149 1149 151 1151 150 1150 | 150 {150
200 FSW | 199 1199 | 202 | 199 1199 ! 200 1200 | 200 1190 | 199 }199
230 FSW | 222%[223%] 222%1222%] 222%|222*%| 222%1222%| 190%1187*%| 221*122]*
200 F3W | 199 201 1201 1 199 9 1 200 1200 | 187*%1187*} 200 1200
150 FSW | 149 1149 149 49 151 1151 1 149 114 150 3150
Joo FSW ! 99 | 99 | 101 1 99 1 99 | 100 1200 | 99 | 99 { 100 |100
—30 FSW 49 49 51 49 49 50 30 - - 50 | 49
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

* EBrrors outside of +2 FSW specification
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Figure C-22

LONG TERM STABILITY/TEMPERATURE SENSITIVITY
93°F WATER TEMPERATURE, DIVE #4
30 MINUTR STOPS AT 50 FSW INCREMENTS AND AT 230 FSW

DIVETRONIC UDM

Chamber UDM Depth Reading
Depth | Unit 829 | Unit 215 | Unit 836 | Unit 795 | Unit 864 | Unit 861
Begin|End |Begin|End |Begin|End |Begin|End |Begin|End [Begin|End
—OFMN | Ol - 0 - 0 - 9ol - 0 - 0 -
S0 | s0 $0 | 51 | 49 | 49 50 | 50 50 1 50 | .50 | 50
~100 FSw | 100 § 99 ! 101 1101 | 99 | 99 | 100 |100 | 100 {300 | 100 {100
150 FSW | 150 150 | 152 l1s2 | 149 1249 | 1si fis1 | 151 Jasi | 1s1 lisi
—200 FSW | 2199 1199 | 202 {202 | 199 1198 | 200 |200 | 200 {200 ! 200 1200
230 FSW | 224%1224% 1 222#1222% 1 222%1222%1 222012221 222%1222% 222%1222%
—200 FSW } 199 1199 : 202 1202 1 199 1199 JQD_.ZQ.O__ZQ.Q_.ZQ.%__ZQD_.ZD.Q_
150 FSw | 1%0 150 | 132 1152 | 149 |149 | 251 Jas1 | is1 [is1 | 150 [1s0
Jlog FSW | 99 | 99 | 103 fa01 | 99 | 99 | 100 {100 100 | 100 {100
_SoFgw | 49 ! 49 | 51 | s1 | 49 | 49| so | so] sefso] solso
—oFsw]| o -1 0 -1 0 -1 o | -19 -1 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 x2 FSW specification
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30 MINUTE STOPS AT 50 FSW INCREMENTS AND AT 230 FSW

Pigure C-23
LONGC TERM STABILITY/TEMPERATURE SENSITIVITY
93°F WATER TEMPERATURE, DIVE #5

DIVETRONIC

UDM

UDM Depth Reading

Chamber
Depth Unit 839 | Unit 215 | Unit 836 | Unit 795 | Unit 8364 | Unit 861
Begin{End |Begin|End |Bezin{End [Begin|End |Begin|End |Begin|End
0 _FSW 1] = 01 - 0 = 0 - 0 - 0 =
50 Fsw | _50 50 1% 49 | 49 | S50 | SO 50 | S0 s0 | 50
100 FSW | 100 j100 | 101 1101 99 1 99 ! 100 1101 | 101 1100 | 100 1100
150 FSW I 150 1150 1 1S1 1151 | 149 1149 | 150 1150 | 151 1181 ! 150 1150
199 | 200 1201 1 199 1199 199 1199 201 1201 199 1199
230 FOU | 224%1224%] 221%122]1%| 222%1222%] 221*%122]1%] 222%1222%| 221*[22]1*
200 FSW ! 200 1200 | 202 1201 | 199 1199 [ 199 1199 | 201 1200 | 200 1199
150 FSW | _15_0__15_9__],5_1_L1§1 149 1149 150 1150 § 151 {151 150 (150
99 1100 ! 100 1100 99 ' 99 ! 1o | 99 | 100 1100 | 100 1100
50 FSW | S0 50 50 30 49 1 49 49 49 50 30 49 49
0 = 0 - 0_ = Q - Q = 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 22 FSW specification
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Figure C-24
LONG TERM STABILITY/TEMPEPATURE SENRSITIVITY
93°F VATER TEM:SRATURE, DIVE #6
30 MINUTE STOPS AT 50 FSW INCREMRNIS ARD AT 230 FSW
DIVETRONIC UDM

Chamber UDM Depth Rsading
. Depth Unit 889 | Unit 215 | Unit 836 | Unit 795 | Unit 864 | Unit 861
Begin|End |[Begin|knd |Begin|End |Begin|End |Begin{End |Begin|End
0 FSW [+ - 0 - 0 - Q - 0 - 0 =
50 FsSw sQ Sl 1 51 1 50 ] 50 50 | 50 50 | S1 51 151
100 FrSw ! 100 1 99 1 102 | 99 1 99 1 100 1100 | 101 V10l | 101 1101
130 FSW | 150 1150 | 152 1152 49 1149 | 150 1150 | 151 {181 | 151 1151
200 FSW | 199 1199 J.QLTz_Qz 199 1199 2_03119_0__29_1__@01 <01
230 FSw | 224%12054%1 242%1222%] 222%[222%1 221%1221%!| 222%1222%| 222%[222*%
-200 TSW .1 200 1200 1 202 199 1199 ZD.Q_.ZD.L_ZD.LTZQI 201 1201
150 FSW | 150 1150 ¢ 152 1152 | 150 1150 ! 150 {150 | 151 151 | 151 |1S1
100 FSW | 100 101 1lel 99 1.99 | Joo 1100 | ,01 1101 | 101 1101
30 FSW 50 | 49 51 1 51 49 | 49 50 ] 50 51 1 50 S1 | 51
0 FSW 0 -1 0 - Q - 0 = 0 - 0 -
£=gin = {TOM Depth Reading it Reginning of 30 Minute Depth Stop
Bud r UDY Depth Readirg at End of 30 Minute Stop
- Indicates no reading taken
* Errors cutside of +2 FSW specification

C2-13

ubel Ll bbbl A e VRV SR ADSIIGRRRR IR S gt as p it deta i ie 1 i




APPENDIX D
REPETITIVE RO DECOMPRESSION DIVE PROFILE TRACKING DATA

UDK. dive profiles are charted as coapared to HP 10060 computer
progrimming. Twc separate repstitive dives are charted with surface interval
deptha of 2 FSW and S FSW, respectively. The following diva profiles were
oxecuted:

a. 60 FSW Ko Decompresaion
1 Hour Interval at 2 FSW
120 PSW N> Decomprassion

b. ¢0 FSW No decompresaion
1 Hour Interval at 5 FSW
120 FSW I'o Decompreasion

A comparison of profiles provides an evaluation of the UDM's switch
from PPO2 of .7 to PPOj of .21 at 3 FSW. All) dives were conducted at 29°F
water temperacure.

KBY:

Figure D1: Divetronic Unit 889
Figure L2: Divetronic Unit 8§64
Figure D3: Divetronic Unit 861
Filgure DA: Divetronic Unit 836
Figure DS: Divetronic Unit 795
Figure D6: Divetronic Unit 215
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Figure OV
REPETITIVE NO DECOMPRESSION DIVE PROFILE TRACKING DATA
29°F WATER TEMPERATURE
DIVETRONIC UDM #889

Dive Profile a. 60 FSW No Decompression
1 Nour Surface Interval at 2 FSW

120 FSW No Decompression *
ELAPSED UDM SAD CHANGE
DIVE TIME COMPARED
rIMk COMPUTER UoN CONPUTER| UDM TO COMPUTER SAD -
4430 80 50 1y 0 =
4446 80 60 10 10 +18
|—4s00 2¢ | 26 | w0 | 0 =
4502 2 24 0 9 =2
5440 | 120 ¢ 120 | 0 10 =
—B452 120 120 ~10 10 =12
8680 10_ 10 0 10 =
A0 10__ 10 0 0 +50
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 UM T0 COMPUTER SAD
IDEPTH (FSW) | rﬁALLfiH.L
~4380 60 £§0 10 0 =
4460 60 50 10 10 +80
—4520 20 20 10 0 -
{.4556 5 5 _0 0 =36
9164 120 120 0 0 -
9178 120 120 10 10 +14
9448 10 10 10 0 =
9474 10 10 0 0 =26 )

- Indicates awaiting next SAD change on UDM or computer for SAD change times
comparison

NOTE: Slight differences in computer depth and UDM depth during SAD change
times are occasionally evident, particularly when SAD chan?es 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 D2
REPETITIVE NO DECOMPRESSION OIVE PROFILE TRACKING CATA
29°F WATER TEMPERATURE
DIVETRONIC UOM #864

Otve Profilc a. 60 FSW No Decompression

1 Nour Surface Interval at 2 FSW
120 FSW No Decompression

ELAPSED UDM SAD CHANGE
Wn‘ COMPUTER UDM COMPUTER UON }cx)*coﬁmwgsgm
(SECONDS) ORETH (FSW) {SAD (FSM)ISAD (FSN)
4410 £0 a9 10 g -
—4464 49 -'ﬂ__j_._lﬂ 10 254
| 4496 a1 JL._T_.JQ -0 =
4306 22 21 i 0 =10
8528 120 120 '] 10 =
8568 20 18 10 10 =40
1__s658 19 1z 0 10 -
—ams0 o w1 0 [ o 0 +122
Dive Profile b. 60 FSW No Decompression
1 Hour Surface Interval at 5 FSW
120 FSW No Decompression
ELAPSED UDM SAD CHANGE
OIVE TIME COMPARED
TIME COMPUTER UM COMPUTER UOM TO COMPUTER SAD
(SECONDS) DEPTH (ESW)|SAD (FSM)SAD (FSM)|
—4356 60 [ 10 9 =
—4456 60 60 10 10 +100
4496 1 28 29 10 Q -
4550 6 S 0 0 =54
9140 120 120 10 ] -
9154 120 120 10 10 +14
_9378 10 10 10 0 =
9452 1 q. 0 Q =14

- Indicates awaiting next SAD change on UDM or computer for SAD change times
comparison

NOTE: Slight differences in computer depth and UDM depth during SAD change
times are occasionally evident, particularly when SAD changes occurred during
depth traval. This is a result of slight delays in manually programming
computar depth to reflect UDM depth changes.
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Figure D3

REPETITIVE NO DECOMPRESSION OIVE PROFILE TRACKING DATA
20°F WATER TEMPERATURE
OIVETRONIC UDM #0617

Dive Profile a.

60 FSVW lio Decompression
1 Hour Surface Interval at 2 FSW
120 FSW No Decompression

ELAPSED UNM SAD CHANGE
gm COMPUTER UM CGMPUTER|  UOM R;ﬁﬁgtgm
: (DEPTH (FSW) {SAD (FSW)ISAD (FSW){ CHANGE TIME (SECONDS)
—4428 — 80 50 h [ - Q. =
4474 60 60 10 10 -1
4516 28 20 0 0. =
—4538 15 13 0 Q =22
8814 | 120 120 ~0 1 10 -
524 120 120 1 10 10 =10
8150 10 10 0 10 =
_am22 20 | o | o 412
Jive Profile b. 60 FSW No Decompression .
1 Hour Surface Interval at 5 FSW
120 FSW No Decompression
ELAPSED UDM SAD CHANGE
?R’EE COMPUTER UoM COMPUTER| UDM gwg%
. QEPTH (FS)|SAD (FSY)|SAD (FSW)|

—4430 60 60 10 0 -

4444 60 60 10 10 +14 .

4510 23 13 0 10 -
4520 P18 12 Q 0 +10
982 120 120 10 10 0
226 10 10 0 10 -
9238 10 10 0 0 +12

- Indicates awaiting rext SAD change on UDM or computer for SAD change times

comparison

NQIE: Slight differences in computer depth and UDM depth during SAD change

times ure occasionally evident, particularly when SAD chan
This is a result of slight delays in manual

depth travel.

computer- depth to reflect UDM depth changes.

es occurred during
y programming
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Figure D4
FEPETITIVE NO DECOMPRESSION DIVE PROFILE TRACKING DATA
29°F WATER TEMPERATURE
DIVEVROMIC UDM #836

Dive Profile a. 60 FSW No Decumpression
1 Hour Surface Interval at 2 FSW

{ " 120 FSW No Decompression
|
. TIME COMPUTER UDM COMPUTER|  UDM TO COMPUTER SAD

(SECONDS) 10EPTH (FSW)IOEPTH (FSW) ISAD (FSW)1SAD (FSW)
4428 . 60 | 60 9 10 =

4462 £0 60 10 10 =34
4510 29 28 0 10 -
__4536 3 12 0 0 +26
8506 120 120 0. 10 =
_8524 120 120 10 10 -18
_B8A6 10 10 -9 10 -

8944 10 10 0 + 0 98

Dive Profile b. 60 FSW No Decompression
1 Hour Surfuce Interval at 5 FSW
120 FSW No Decompression
ELAPSED UOM SAD CHANGE

?i:g COMPUTER UoM COMPUTER UDM }3"50523$2552AD
(SECONDS) | (FS¥) [DEPTH (FSWYISAD (FSW) ISAD (FSW)

4442 50 60 1] 10 -

4448 €0 60 10 10 -6

4498 26 25 0 10 =
4504 21 21 0 0 +6
_9128 120 120 10 10 0
9468 10 10 Q 10 =

) 9478 10 10 0 0 410 |

~ Indicates awaiting next SAD change on UDM or computer for SAD change times
comparison

NOTE: Siight 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.




Figure D5
REPETIVIve M0 DECOMPRESSION DIVE PRUFILE TRACKING DATA
29°F WATER TEMPERATURE
DIVETRONIC UDM #795

Oive Profile a. 60 FSW No Decompression
1 Hour Surface Interval at 2 FSW
120 FSW No Decompression

ELAPSED UDM SAD CHANGE
DIVE TIME COMPARED
TINE COMPUTER uoM COMFUTER|  UDM TO COMPUTFR SAD

(DEPTH (FSW) IDEPTH (FSW) |SAD (FSW)|SAD (FSW)]

4488 60 60 ) [ 0 -
4490 60 _60 10 10 2
_ 4548 22 21 ) 10 -
__4574 14 10 0 0 +26
5588 120 120 D) 10 -
8608 1720 120 10 10 +20
5828 |- 10 10 0 10 -
8910 10 - 10 9 0 482

Oive 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 UOM COMPUTER|  UDM TO COMPUTER SAD

DEPTH _(FSW) |OEPTH (FSW) ISAD (FSW) (SAD (FSW) | N

—4328 60 60 10 0 =
__4460 60 50 10 10 +132
4538 14 16 10 0 -
_ 4608 10 10 Q 0 =70

9262 120 120 10 0 -
—9288 120 120 10 10 : +26

9544 16 1G 10 0 -

9616 10 10 0 0 -72

- Indicates awaiting next SAD change on UDM or computer for SAD change times
comparison

NOTE: 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 UDM depth changes.
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Figure D6
REPETITIVE NO DECOMPRESSION DIVE PROFILE TRACKING DATA
29°F WATER TEMPERATURE
DIVETRONIC UDM #215
Oive Profile a. 60 FSW No Decompression
1 Hour Surface Interval at 2 FSW
120 FSW No Decompression

ELAPSED UDM SAD CHANGE
DIVE TIME COMPARED
TINE | COMPUTER UDM COMPUTER|  UDM TG COMPUTER SAD
' (SECONDS) IDEPTH (FSW) IDEPTH (FSW)ISAD (FSW)ISAD (FSW)! CHANGE TIME (SECONDS)

4424 | G0 60 _10 0 ‘ -

__4446 60 60 i0 10 +22
4490 30 3 10 g -
4496 26 27 0 0 -§

__B480 120 120 | 10 0 -

__8490 120 120 10 10 $10

8672 | 10 10 10 0 -

__8684 0 0 10 Q -

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
4410 60 60 10 0 -
4466 60 60 10 10 +56
4510 . 21 28 10 Q0 -
4538 10 10 0 0 =28
9110 120 120 10 _0 -
- 912 120 120 10 10 +2
9412 10 16 0 10 -
. 9418 9 10 0 0 +6

-~ Indicates awaiting next SAD change on UDM or computer for SAD change times
comparison

NQTE: 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 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 on the
following schadule:

a, 175 FSW 60 Minutes
b. 150 FSW 30 Minutes

Dive schedule a. is conducted at 29°F and 93°F water temperatures.
Dive schedule b. is conducted at 29° water temperature.

KEY:

Figure E1 : Dive Profile a. at 29°F Water Temperature, Divetronic UDM 889
Figure E2 : Dive Profile a. at 29°F Water Temperature, Divetronic UDM 864
Figure E3 : Dive Profile a. at 29°F Water Temperature, Divetronic UDM 861
Figure E4 : Dive Profile a. at 29°F Water Temperature, Divetronic UDPM 836
Figure BS : Dive Profile a. at 29°F Water Temperature, Divetronic UDM 795
Figure E6 ¢ Dive Profile a., at 29°F Water Temperature, Divetronic UDM 215
Figur= E7 : Dive Profile a. at 93°F Water Temperature, Divetronic ULM 889
Figure E§ : Dive Profile a., at 93°F VWater Temperature, Divetronic UDM 864
Figure E9 : Dive Profile a, at 93°F Water Temperature, Divetronic UDM 861

Figure E10: Dive Profile a., at 93°F Water Temperature, Divetronic UDM 83¢6
Figure Ell: Dive Profile a. at 93°F Water Temperature, Divetronic UDM 795
Figure E12: Dive Profile a. at 93°F Water Temperature, Divetronic UDM 215
Figure E13: Dive Profile b., Divetronic UDM 889
Figure El4: Dive Profile b,, Divetronic UDM 864
Figure E15: IDive Profile b., Divetronic UDM 861
Figure E16: Ilive Profile b., Divetronic UDM 836
Figure E17: Dive Profile b., Civetronic UDM 795
Figure E18: Dive Profile b,, Divetronic UDM 2153




FIGURE E1

NECOMPRESSION OIVE PROFILE TRACKING DATA
DIVE PROFILE A. 175 FSW 60 MINUTES, DECOMPRESS TO SURFACE
29°F WATER TEMPERATURE
DIVETRONIC UDM #889

UDM WARNING STATUS
UDM SAD CHANGE CHANGE TIME
ELAPSED TIME COMPARED TO COMPARED TO
DIVE  1COMPUTER| UDM [COMPUTER| UDM | COMPUTER SAD  |COMPUTER| UDM COMPUTER WARNING
TIME DEPTH |DEPTH[ SAD SAD | CHANGE TIME  |WARNING [WARNING |STATUS CHANGE TIME
(SSCONDS) | (FSW) 1(FSW){ (FSW) {(FSW) (SECONDS) STATUS | STATUS. (SECONQS

492 | 175 lws ) o0 |0 - - - -

502 1 176 st 10 10 +10 - - -

s66 | 175 | 175 | 20 10 - - - -

s76 | 175 s | 20 20 410 - - -

656 | 175 | 18 20 - - - -

666 | 175 3175 | 30 3 +10 - - -

7268 | 175 |15 | 40 30 - - - -

780 | 178 |78 _40 +12 . - - -

920 | 175 |5 ) s0 |40 = - - -

934 | 175 |15 s0 +14 - - - ;
neo | 175 s | 60 50 - - - -
_u; | 178 751 60 ) +18 - - -

1482 | 175 L5 | 60 60 - FLASHING| - -

1320 | 175 s | 60 60 - FLASHING | FLAS 38

678 | 178 ls | o720 60 - FLASHING| -

1700 | 17s ls | 70 70 +22 FLASHING | FLASHING -

214 | 175 | s | 80 70 - FLASHING| =
232 | s s s 80 +18 FLASHING =
3020 | 175 Jws | 90 80 - FLASHING | FLASHIN -

3044 | 175 |75 ] 99 90 +24 FLASHING | FLASHING -

4284 99 9 | 90 80 - FLASHING] -

__ 4302 80 80 | 80 80 -18 FLASHING | FLASHING -

5144 80 80 | 80 70 - FLASHING | FLASHING - -

5156 74 | 351 70 70 -12 FLASHING | FLASHING

6906 70 0] 70 60 - FLASHING | FLASHING =

6010 67 6 | S0 60 -4 FLASHING | FLASHING -

- Indicates awaiting next change in SAD'or warning status on computer cr UDM for change
tims zomparison

NOTE: Slight differences in computer depth and UDM depth are occasionally evident, parti.. .arly

during depth travel, as a result of slight delays in manually programming computer depth to
reflect UDM depth changes.
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FIGURE E1

(Continued)
UDM WARNING STATUS
- o s ot A
DIVE COMPUTER| UDM [COMPUTER| UDM COMPUTER SAD COMPUTER] UDM COMPUTER WARNING
TIMNE OEPTH |DEPTH| SAD SAD CHANGE TIME  |WARNING |WARNING [STATUS CHANGE TIME
(SECONDS)} (FSw) ICFSW)| (FSW) 1(FSW) {SECONDS) STATUS | STATUS ( SECONDS)
_lm_‘__ﬂ__;ﬂnjg_& 50 = FLASHING | FLASHING =
— 7640 | 50 | 501 50 150 | 40  IFLASHING S
—oane | 50 | 501 S0 140 = ELASHING =
346 | 40 | 40 | 40 140 =32 JFLASHING =
11040 | 39 | 401 40 130 = FLASHING =
~11052 29 | 311 30 3C =12 FLASHING =
13140 30 | 30 ) 20 30 = ELASHING | =
—13160 | 30 | 301 20 20 +20 FLASHING | =
17490 20 201 10 20 - FLASHING -
171532 19 1 201 0 110 +42  |FLASHING, -
17538 16 12 10 10 - = FLA -
19172 10 10] 10 10 = = = $1634*
23566 10 10 0 10 - - - -
23658 10 w0l 0 0 492 - - -

~ Indicates awaiting next change in SAD or warning status on computer or UDM for change

time comparison

* Technician error in plotting data.

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 E2

DECOMPRESSION DIVE PROFILE TRACKING DATA
DIVE PROFILE A. 175 FSW 60 MINUTES, DECOMPRESS TO SURFACE
29°F WATER TEMPERATURE
DIVETRONIC UDM #864

UDM WARNING STATUS
— R e, e
DIVE |COMPUTER| UDM |COMPUTER| UDM | COMPUTER SAD  |COMPUTER| UDM CIMPUTER WARNING
csetmosy| (o) |CPmy| (o (Pow|  CUSECOWOS)  |"STATUS ['STATUS | (seconDs)
—500 | 175 175 | 10 1 0 = = = =
— 508 L 178 L1754 10 110 18 = = =
514 L 175 lusi 20 110 = = = =
— 512 175 175 | 20 120 +8 = s -
_664 128 175 ] 30 120 - - = -
— 614 175 175 |30 130 +10 - - -

178 178 175 | 4 30 - - - -
188 178 | 175 | 40 40 +10 = - -
932 1 175 1251 50 |40 - - - _

944 178 -l 175 | s0 1so +12 - - -

1174 125 175 | 60 50 - - - -

1nes | 17s 1125 ] 60 |60 +14 - - -

1490 175 1115 | &0 60 - FLASHI - =

1504 | 175 175 ] 60 60 - - |FLasHING] +14

1692 |- 175 175 | 70 - FLASHING ! FLASHING -

1700 175 L 1s | 70 70 +8 FLASHING -

2130 175 175 | 80 70 - FLASHING | FLASHING -
2132 | 17s |15 | 80 +2 FLASHING | FLAS -

3046 175 175 | 80 90 - FLASHING | FLA -
3062 178 1175 ] 90 90 =16 FLASHING | FLASHING -

4382 90 9 | 9 80 - FLASHING [ FLASHING -

4370 8 | &1 80 80 =18 FLASHING | FLASHING -
5214 | 80 | 804 80 170 = FLASHING =
5224 75 | 761 70 70 =10 FLASHING | FLASHING -

6076 70 70 | 60 60 0 FLASHING | FLASHING -

7746 60 60 | 60 50 - FLASHING | FLASHIN -

- Indicates awaiting next change in SAD or warning status on computer or UDH for change
time comparison

NQTE: Slight differences in computer depth and UDM dopth 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)
UOM WARNING STATUS
UDOM 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)| (FSW) I1(FSW)} (FSW) |(FSW) (SECONDS) STATUS | STATUS (SECONDS)
7780 | S50 | S50} 50 50 -34 FLASHING -
0 30 = FLASHING =
9486 | 42 41 | 40 40 =18 FLASHING | FLASHING -
11194 40 40 | 30 130 0 FLASHING | =
o { x 1ol x S . FLASHING| _
3374 '} 30 { 301 20 120 =4 FLASHING | =
11682 20 201 20 20 = - FLASHING -
_Arzse | 20 | 201 20 20 = - - 476
_11822 20 201 10 20 - - - -
17824 20 20 10 10 +2 - - -
23980 10 10 h] 10 - - - -
__24022 10 J0_ Q 1] +42 - - -
- Indicates awaiting next changs 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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DIVE PROFILE A.

FIGURE E3

OECOMPRESSION DIVE PROFILE TRACKING DATA

29°F WATER TEMPERATURE

DIVETRONIC UDM #861

175 FSW 60 MINUTES, DECOMPRESS TO SURFACE

UDM WARNING STATUS
. o s, S
HE® ot comen | "R o, | e e
(SECoNDS)| (Fsw) |(FSW)| (FSW) [(FSW)|  (SECONDS) STATUS_| STATUS (SECONDS) ‘
age | 175 s | 10 2 - - , _
_s02 | o1s 1) 10 fo +8 - - -
‘ _s0 L s Ll 20 |0 - - - -
| s76 | 175 s | 20 |20 46 - - -
| 60 | 175 Lzl 30 |20 - - - .
| 664 | 174 s | 30 la30 14 - . _
77 | 175 lus| 4 - - - -
778 | 178 | 3s 40 4 - - - _
930 1175 lws| s |40 - - - -
92 | 175 lws!| so +2 - - -
uzs | 175 s | e |60 g - - -
g6 | 175 s | e 60 - FLASHI - -
s | 175 s ]| e |60 - FLASHING, +10
woo | 175 s | 70 |60 - FLASHING [ FLASHING -
696 | 175 |15 ] 70 70 16 FLASHING! -
2126 | 175 {us| s |70 - FLASHING | FLASHING -
2132 |15 lws| a0 +6 FLASHING! FLASHING -
3060 | 175 |ws| o0 |ao = FLASHING | FLASHING ,
_a062 | 175 |ws| o0 |ao 2 FLASHING | FLASHING -
_ 402 | o0 | ool s |o0 - FLASHING| .
4304 | 90 o0 | 80 80 22 FLASHING N -
=154 | so | 8o 70 80 - FLASHING| -
_ 564 | 80 | el 70 |70 +10 FLASHING | FLASHING -
6008 | 70 0 s0 |70 - FLASHING| -
6028 | 70 | 70| 60 |60 +20 FLASHING | FLASHING -
2652 | 60 | 60| S50 50 0 FLASHING | FLASHING -

- Indicates awaiting next change in
time comparison

E-6

SAD or warning status on computer or UDM for change

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.




FIGURE E3

{Continued)
UDM WARNING STATUS
UDM SAD CHANGE CHANGE TIME
ELAPSED TIME COMPARED TO COMPARED TO
OIVE  ICOMPUTER| UOM |COMPUTER| UDM | COMPUTER SAD  [COMPUTER| UDM COMPUTER WARNING
TIME DEPTH |DEPTH| SAD SAD CHANGE TIME  [WARNING |WARNING |STATUS CHANGE TIME
| (Pswy _ {(FSWY| CPSWY  |(FSW)! ) STATUS | STATUS (SECONDS)
9360 - Su | 4 - = ELASHING | FLASHING =
— 9448 | 45 | 50 | 40 488 FLASHING| FLASHING =
11066 40 |30 40 = FLASHING | =
—nez | 40 | 40} 30 130 +36 FLASHING! =
_nzsﬁ__m__an__zn_TJn = FLASHING| FLASHING =
13284 30 30 1 20 20 38 IFLASHING | FLASHING =
17556 20 20 ] 20 20 = - -
12660 | 20 2 | 10 20 = - FLASHING -
12620 20 20 | 10 20 - = - +114
17712 20 201 10 _$52 = - -
23730 10 04 0 110 = - - =
—22882 [ 10 1 9 0 _+102 = = =

~ Indicates awaitin
time cumparison

NOIE:

g next change in SAD or warning status on computer or UUM for change

during depth travel. as a rasult of siight delays in manually progruming computer depth to
reflect UDM dapth changes.
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Slight differences in computer depth and UDM depth are occasionally evident, particularly
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DIVE PROFILE A.

FIGURE E4

DECOMPRESSION DIVE PROFILE TRACKING DATA

29°F WATER TEMPERATURE
DIVETRONIC UDM #836

175 FSW 60 MINUTES, DECOMPRESS TO SURFACE

UDM SAD CHANGE UK ANGE TTHE
ELive  |comuren| uom [comeurer| uow [T COMPUTER SAD' |cOMPUTER| uDW | COMPUTER WARNING
(sttons: | CFoy |CPson| rony [(Pn| CUSECGos)  |"STATUS |“STATUS | CsEcOIO o
4% 1 178 18} 10 1 0 - = = =
498 1 175 1181 1 1 8 = = =
564 | 175 lwsfo20 1) - - - -
512 | s |1s) 20 | +8 - - -
_ 62 | 1s ls ] 30 120 - - - -
666 | 175 lws| a0 |30 +14 - - -
264 1 178 |18 | 40 a0 - - - - _
175 | 175 ] 40 |40 +14 - - -
916 | 175 J17s] so | 40 - - - -
94 | s J1s ] s0 50 +18. - - -
nse { s (s | 6o 50 - - = -
1 | 1738 Jus ] 60 50 +26 - - -
we | ws 115! 60 |60 - - -
496 § 175 1178 | 60 60 - FLASHING | FLASHING +18
1620 | 175 {175 | 70 50 - FLASHING| -
700 {175 |78 | 70 70 +30 FLASHING! FLASHING -
2094 | 178 15| a0 10 - _FLASHING] -
2138 | 175 |15 | 80 80 +44 FLASHING -
2984 | 175 | wus | o0 80 - FLASHING | FLASHING! -
3060 | 1ws s o0 |90 +16 FLASHING. -
4323 90 9 | 80 90 - FLASHING| FLASHING -
4325 90 80 80 +2 FLASHING| FLASHI -
5153 go | sol s |70 - FLASHING| FLASHI -
5178 70 | 70] 70 19 =25 FLASHING | FLASHIN -
6016 6 | 701 70 60 - FLASHING | FLASHING -
6030 60 s9 | 60 60 =14 FLASHING | FLASHI -

- Indicates awaiting next change in SAD or warning status on computer or UDM for change

time comparison

Slight differences in computer depth and UDM depth are occasionally evident, particulariy
during depth travel, as a result of slight delays in manually programming computer dapth to
reflect UDM depth changes.
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FIGURE E4

(Continued)
UDM WARNING STATUS
- 2 2, B

OIVE |COMPUTER! UDM |COMPUTER| UDM | COMPUTER SAD |COMPUTER| UDM COMPUTER WARNING

TINE DEPTH |DEPTH] SAD SAD CHANGE TIME WARNING |WARNING |STATUS CHANGE TIME
(SRCONDS)| (FSW) I(FSW)] (FSW) [(FSW)| | STATUS | STATUS {SECONDS)
1666 | 59 60 30 = =
1693 | 50 | 50 4 S0 - =07 FLASHING =
343 | 50 . S0 | S50 40 = FLASHING | FLASHING =
—-2199 40 49 4 40 =56 _ |FLASHING, =
11087 29 40 1230 = FLASHING =
ez | 30 | 30 30 =20 ELASHING =
13 1 30 1 304 30 20 = ELASHING | FLASHING =
13258 22 22 120 20 =24 FLASHING =
17592 20 20 1 20 20 = = FLASHING =
61 |20 1 201 20 = = FLASHING =
17657 | 16 | 17 10 10 =6 - =
17699 10 101 10 10 = = = —+102

23765 10 10 10 Q - - - =

0 0 0 -a1 - - -

- Indicates awaiting next chmgn' {n SAD or warning status on computer or UDM for change

time comparison

NOTE:

Slight differences in comguter 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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DIVE PROFILE A.

FIGURL ES

DECOMPRESSION DIVE PROFILE TRACKING DATA

29°F WATER TEMPERATURE

DIVETRONIC UDM #795

175 FSW 60 MINUTES, DECOMPRESS TO SURFACE

UDM WARNING STATUS
- . S, o 1
DIVE |COMPUTER| UDM |COMPUTER| UDM | COMPUTER SAD  |COMPUTER| UDM COMPUTER WARNING
TIME DEPTH [DEPTH| SAD SAD CHANGE TIME |WARNING |WARNING |STATUS CHANGE TIME
{ESW) (FSW) I(FSW)] STATUS | STATUS {SECONDS)
490 178 1751 10 Q - = = -
494 175 125 10 +4 - - -
S66 124 Q725 1 20 10 = = - -
124 178 § 20 | 20 +2 = - =
} 456 17% 125 30 - - - -
! 170 175 1175 | 40 30 - - - _
1 212 175 128 40 +*2 = - -
’ 926 175 1281 50 - - - -
932 175 175 1] 50 +6 - - -
1122 125 128 | S0 - = = -
5 e | ws s +6 - - a
i —J484 | 175 175 | 60 60 = = =
1494 125 125 60 | 60 - +10
1688 1 3178 1 175 20 - FLASHING | FLASHING -
— 1692 128 125 20 2 +4 ELASHING | FLASHING -
2124 | 175 J25 | 80 20 = ELASHING | -
2128 | 175 1175 60 180 4 FLASHING | FLASHING =
3012 125 175 N0 - FLASHING | -
3028 118 128 1 90 0 +16 ELASHING | -
64 [ 90 [ 90| 90 |80 = LASHING | FLASHING =
4380 1 €0 81 | 80 80 =16 LASHING | FLASHING = _—
5234 | 80 | 801 70 - FLASHING | FLASHING -
3260 | 78 80 1 70 19 +26 FLASH‘lggw | FLASHING -
6086 20 10 60 10 = FL&SHINQ1 =
_6090 5% 19 60 60 +4 ELASHING | FLASHING =
1756 60 | 60 60 S0 - 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 and UOM 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 €3

(Continued)
|UDM WARNING STATUS
UOM SAD CHANGE CHANGE TIME
ELAPSED TIME COMPARED TO COMPARED TO
DIVE [COMPUTER| UOM !COMPUTER| UDM | COMPUTER SAD  [COMPUTER| UOM | COMPUTER WARNING
TIMC | DEPTH |[DEPTH| SAD | SAD | CHANGE TIME  |WARNING |WARNING |STATUS CHANGE TIME
| (F)  I(FSW)} _"€Sw) J(FS)L  (SECONDS) | STATUS | STATUS (SECONDS)
1730 0 50 1 & 150 ! 34  IFLASHING, =
a0 | w0 | sol w - NG| FLASHING -
__ 94968 4] 4) | 40 =16 |FLASHINGIFLASHING =
1204 40 | 40 1 30 = FLASHING | FLASHING =
1206 | 40 | 40| 30 0 =
13406 : 30 | 301! 30 | = mmrﬂ.mm =
13412 21 271 20 20 =8 |FLASHING|FLASHING =
17690 ¢ 20 20 = = FLASHING =
1264 | 20 201 20 20 - - - +74
26 | 20 | 20{ 20 | - - - -
17876 | 16 171 10 1 -10 - - -
__240%2 10 10 0 1 - - - -
_24076 10 100 0 0 324 - - -

- Indicates awaiting next chenge in SAD or warning status on computer or UDM for change

time comparison

NOTE: Slight differences in computer depth and UDM depth are occasionally cvideat, particularly

during depth travel, as a result of slight delays in manually programming computer depth to

reflect UDM depth changes.
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DIVE PROFILE A.

FIGURE E6

DECOMPRESSION DIVE PROFTLE TRACKING DATA

29°F WATER TEMPERATURE

DIVETRONIC UDM #215

175 FSW 60 MINUTES, DECOMPRESS TO SURFACE

UDM WARNING STATUS
s s s 1
DIVE |COMPUTER| UDM |COMPUTER| UOM | COMPUTER SAD [COMPUTER| UDM | COMPUTER WARNING
TIME | OEPTH (OEPTH| SAD | SAD | CHANGE TIME |WARNING [WARNING |STATUS CHANGE TIME
| (FoW) [(FsW)| (FSw) |(Fsw) (SECONDS) STATUS | STATUS (SECOMDS)
492 | 175 |7s| 30 Q = - = =
48 | 175 {175 ] 10 10 16 - - -
se6 | s s 20 10 - - - -
572 | 175 l7s| 20 20 +6 - - -
656 | 175 | 175 | 30 22 - - - -
662 | 175 l175 ] 30 30 16 - = =
770 | 175 | 1751 40 30 - - - -
778 1 175 |75 1 40 40 +8 - = =
924 | 175 1175 | 50 40 - - - =
934 | 175 ls | so 50 110 - - -
_mnes | 175 lirs| ee | s0 - - = -
1178 | s (s | 60 60 +10 - - -
_1484 | 175 | 175 | 60 60 - FLASHING| - * o=
_1496 | w5 |15 ]| 60 60 - FLASHING | FLASHING +12
1684 | 175 175! 70 60 - ELASHING =
1698 | 175 175 70 70 +14 FLASHING | FLASHING -
2n8 | 175 1175 | 80 70 - FLASHING | FLASHING -
2138 | 175 |75 | 80 80 +20 FLASHING | FLASHING -
304 | 175 1175 90 |80 = FLASHING | FLASHING -
302¢ | 175 1175 | 90 90 +10 FLASHING | FLASHING -
__4236 90 9 | 80 90 = FLASHING | FLASHING -
4296 90 % | 80 80 460 LASHING | FLASHING -
5068 | 80 80 | 80 70 - FLASHING | FLASHING -
__5088 yA 70| 70 70 -20 FLASHING | FLASHING -
5930 70 70| 70 60 - FLASHING | FLASHIN -
5942 65 65 | 60 60 =12 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 and UODM 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
ELAPSED rlrjaz gc‘;ﬂrﬁﬁéﬁo E‘Sﬁ?ﬁ&%‘?&
DIVE |COMPUTER| uom |COMPUTER| UDM | COMPUTER SAD  [COMPUTER| UDM | COMPUTER WARNING
TIME | DEPTH zégti SAD -‘?&H CHANGE rgr;e wgﬂ%ng wgﬂwg STATU?qg!‘-_IgNGE TIME
7510 61 60 | 60 50 - FLASHING | FLASHING -
20 30 _"}.Q____5.1?.__.___-Zﬁ__.F.I.A.‘di.‘lﬂﬁ1 i = -
9202 50 50 | S0 40 = FLASHING -
9244 4 39| 40 40 42 | FLASHING -
—10930 40 40 | 40 30 = ASHING =
_10950 31 | 30 |30 =20 FLASHING | FLASHI -
13026 | 30 30 | 30 20 = FLASHING | FLASHING -
13096 21 20 | 20 20 10 FLASHING | FLASHING -
17346 21 20| 20 10 = FLASHING | -
_17414 10 0] 10 10 =68 |FLASHING|FLASHING -
__17438 10 10 10 10 - - __|FlA -
__17552 10 01 .10 10 = - - +114
23436 10 101 10 0 = - - -
23570 0 ol o 1o 124 - - -

- Indicates awaiting naxt change in SAD or warning status on computer or UDM for change
time comparison

NOTE: Slight diffarences 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 &7

DECOMPRESSION DIVE PROFILE TRACKING DATA
DIVE PROFILE A. 175 FSW 60 MINUTES, DECOMPRESS TO SURFACE
93°F WATER TEMPERATURE
DIVETRONIC UDM #889

UNIT FAILED TO PROVIDE SAD INFORMATION
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DIVE PROFILE A.

FIGURE E8

DECOMPRESSION DIVE PROFILE TRACKING DATA

93°F WATER TEMPERATURE

DIVETRONIC UDM #864

175 FSW 60 MINUTES, DECOMPRESS TG SURFACE

UDM WARNING STATUS
ELAPSED ng: 333&22’8“% Egﬁgisagnr‘g
TIME | DEPTH |oEPTH| SAD | SAD | CHANGE TIME |ARNING |VARNING |STATUS CHANGE TIME
(FSW) | (FSW> |(FSW)! $) STATUS | STATUS (SECONDS)
__.556 115 178 | 10 9 - - -
564 | 175 175 1 10 10 +8 - - -
630 175|175 | 20 14 - - - -
63§ 175 175 ' 20 20 48 - = -
720 175|175 | 30 20 = - - -
728 | 175 _las | 30 3Q +8 - - -
832 175 175 | 40 30 - < - -
842 175 175 1 40 40 +10 - - -
o8s |. 175 1251 50 40 - - - -
995 175 175 | 50 +10 - - -
] 175 175 | 60 50 - - - - .
175 1 7s | 60 60 +18 - - -
1546 175 175 ] 60 60 - FLASHING] - -
1560 178 1751 60 60 = FLASHING | FLASHING +14
1740 | 175 175 | 70 60 - FLASHING | FLASHING -
1764 175 175 1 70 70 24 FLASHING | FLASHING - .
176 175 | 80 70 - FLASHING | FLASHING -
2202 | 118 175 | 80 80 +40 FLASHING | FLASHING -
3044 178 [ 175 |90 80 - FLASHING | FLASHING
_3122 178 175 | 90 90 +78 FLASHING | FLASHING -
4822 90 9 | 90 80 - FLASHING | FLASHING -
4860 80 80 | 80 80 -38 FLAS SHING -
5676 80 80 | 80 "0 - FLASHING | FLASHING -
5714 70 70 | 70 -20 -38 FLASHING | FLASHING -
6850 70 701 20 60 - FLASHING N -
6950 | 60 60 | 60 60 =190 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 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 EY

(Continued)
UOM WARNING STATUS
st o S S S0

|_(FSW) I(FSW)Y: (FSW) I(FSW) (SECONDS) STATUS | STATUS (SECONDS)
—-.8s578 50 60 | 60 50 = FLASHING | FLASHING =
8656 50 50 1 50 5Q =18 FLASHING ! FLASHING =
10302 50 S0 { S0 40 = FLASHING | =
10364 40 40 ! 40 40 =62 |FLASHING) =
—J2028 | 40 _ 40 = ELASHING | F =
12070 | 30 ¢ 301 30 30 42 |FLASHINGFLASHING =
—.14620 30 30 30 20 = LASHING| -
14632 A 22 20 20 =12 FLASHING | ELASHING -
18556 20 20 20 20 - - FLASHING -

18598 20 20 20 20 = = = +42
19436 20 20 10 20 = - - -
19464 20 01 10 10. +8 = - -
26018 10 10 Q 1Q = - - -
26136 10 10 0 0 +118 - - -

- Indicates awaiting next change in SAD or warning status on computer or

time comparison
NOTE:

UDM for change

Slight differsnces in computer Jepth 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

DECOMPRESSION DIVE PROFILE TRACKING DATA
DIVE PROFILE A. 175 FSW 60 MINUTES, DECOMPRESS TO SURFACE
93°F WATER TEMPERATURE
OIVETRONIC UDM #861

UDM WARNING STATUS
narso 2 s, e
B o o, e |G S G, | o
| (Fsw) J(Fsw) ] (F) | (S| ) STATUS | STATUS ( SECONDS)

494 | s lws)lw | o - - - -
498 | 15 |s | 10 10 14 - - - -

s68 | 175 | 1s | 20 10 - - - -

s72 | 175 | ] 20 20 +4 - - -

6e8 | 175 |75 ) 30 |20 - - - -
— 862 | VIS 125 1 30 30 +4 - - -

722 | s lws ]| 4 |30 - - - -
718 1 s ls | 40 jaeo 16 - - -

92 § 175 |15 | s0 40 - - - -

93¢ | 17s |15 | so {0 48 - - -

1166 |. 175 | ws| e s0 [ - - - -
s | ws lws)| o | +12 - - -
_ 482 | s |1s | 60 60 - FLASHING] - -

1496 | 175 |15 | 60 |60 - FLASHING | FLASHING 114
68 | s s 70 50 - ELASHING -

1700 | 17s s | 70 170 122 FLASHING| -

2110 | 175 | 7s | 80 10 - FLASHING! -
2138 | 175 l1s | 80 80 428 FLASHING| FLASHING -

2994 | 175 |75 | 90 80 - FLASHING! -

3060 | 175 J17s | 90 466 FLASHING| -
__4360 9 | 9] 9 80 ~ FLASHING| FLASHING -

4378 | 80 80 | 80 |80 -18 FLASHING| FLASHING -
__5218 80 | 80l 80 70 - FLASHING| -
522 | 69 69 | 70 10 -14 FLASHING| FLASHING -

6060 70 0] 70 60 - FLASHING! FLASHING -

6084 60 60 | 60 | 60 -24 FLASHING | FLASHIN -

- 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 tc
refiect UDM depth changes.

E-17

LN L M L SRR W B WS WL U WL I WL WL . S WL WL U WL B e L R W WL WL N . EE I S A N TR AW Ul O U R Y S R A a4




FIGURE E9

(Continued)
UDM WARNING STATUS
s e o e o
OIS |, comyen 1 | OV B G i |
| (FSW) [(FSW)! (FSW) I(FSW (SECONDS) STATUS | STATUS (SECONDS)
7174 69 60 | 60 50 - FLASHING | FLASHING -
7780 51 Sl 50 50 -8 ELASHING =
— 9442 | S50 | 501 S50 1 40 = FLASHING | FLASHING =
9486 | 40 | 40 1 40 40 —44 FLASHING| -
—1ue4 | 40 | 40} 30 = FLASHING | FLASHING =
11200 40 40 30 16 FLASHING | =
13344 | 30 301 30 20 = FLASHING | FLASHING =
13348 27 30 | 20 20 =4 FLASHING | FLASHING -
_17680 20 20 20 20 - - ELASHING =
17756 20 20 29 20 - = - +76
17ms L 20 | 200 w0 . {20 - - - -
17796 20 20 10 10 +20 - - -
23926 10 ) 10 0 10 - - - -
23990 10 10 0 Q +64 - - -
- Indicates awatiting next change in SAD or warning status m;a 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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DIVE PROFILE A.

FIGURE E10

DECOMPRESSION DIVE PROFILE TRACKING DATA

93°F WATER TEMPERATURE
DIVETRONIC UDM #836

175 FSW 60 MINUTES, DECOMPRESS TO SURFACE

, UDM WARNING STATUS
s i e e e
SHE B ol | B | HRME (G (ST,
Ll _(FSW) |(FSW)! S) STATUS | STATUS (SECONDS)
- 496 | 175 1| 10 0 - - - -
502 175 1758 110 10 +6 = - =
| s72 | 75 |ws| 20 g - - - -
| 578 175 175 | 20 20 16 = - -
662 175 175130 20 = - - -
668 175 1728 | 30 30 +6 - - -
776 178 175 40 30 - - - -
782 175 175 ] 40 40 +6 - - -
932 125 176 | S0 40 - = - =
936 175 125 50 50 +4 = - -
1178 | 115 1751 60 ] so - - - -
1182 115 178 | 60 G0 +4 - - =
1488 175 175 | 60 80 = FLASHING] - =
14 175 | 175-] 60 | 60 - _| ELASHING | +10
1686 175 175 1 10 60 = LASHING | ELASHING -
17N, 178 175 |1 70 20 +14 LASHING | -
2114 178 125 ¢ 80 10 = FLASHING] F -
2138 175 178 80 80 +24 LASHING | F' =
3020 175 175_] 90 80 - LASHING | FLASHING -
3060 175 125 1 90 90 +40 FLASHING| -
436 | o0 | ool o0 |ap - FLASHING| FLASHIN -
4270 80 80 | 80 89 =24 LASHING | H =
’ T Fo._.._80 1 80 70 - FLASHING | FLASHING =
522 10 70 § 70 70 =16 FLASHING | FLASHING =
: 6070 10 70 10 60 - ELASHING | FLASHING -
6078 59 - “Q 60 60 -8 | FLASHING | FLASHING -
- Indicates await aext éhange in SAD or warning status on computer or ULM 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 E10

(Continued)
UDM WARNING STATUS
ELAPSED TIME COMPARED. T0 COMPARED 10
TINE | DEPTH- |DEPTH| 'SAD | SAD | CHANGE TIME [VARMING. |VARNING |SYATUS CRANGE TINE
((FSW) | (FSW) 1(FSW)) ) STATUS | STATUS (SECONDS)
1736 | 60 | 60 1 ©0. 30 = FLASHING | FLASHING =
1778 1 50 | S0 1 50 20 =42 FLASHING | FLASHING -
2452 | X0 | S50 1 S50 49 = ELASHING =
486 A 40 40 40 ~34 FLASHING | FLASHING -

11180 40 | 40 | 40 30 = FLASHING | FLASHING =
11192 29 2301 30 30 =12 FLASHING | FLASHING -

13346 30 30 | 30 120 = ELASHING | FLASHING -
13382 25 26 | 20 20 =6 FLASHING | FLASHING -

17678 20 20 1 20 20 = = FLASHING -
17746 20 201 2¢ _20 - = = +68
17792 20 20 1 20 30 = - - -

17802 15 16 | 10 =10 - - -
23936 10 0] o 10 - - - -

23978 10 10 0 0 +42 - - -
- Indicates awaiting next change .in SAD or warning status on computer or UDM for change

tine comparison

NOTE: Slight differences in computer depth and UDM depth are occasionally evident, particuiarly

during depth travel, as a result of slight delays in manually programming computer depth to
reflect UDM depth changes.
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DIVE PROFILE A.

FIGURE EN

DECOMPRESSION DIVE PROFILE TRACKING DATA
175 FSW 60 MINUTES, DECOMPRESS TO SURFACE
93°F WATER TEMPERATURE

DIVETRONIC UOM #795

time comparison

NOTE:

UDM WARNING STATUS
e D Coas 1
DIVE  |COMPUTER{ UOM |COMPUTER| UDM | COMPUTER SAD  |COMPUTER| UDM COMPUTER WARNING
TIME VEPTH 2Eg."). SAD _LSEQIDD_ CHANGE Tg’;i Vg%:}gg Hgﬂ%ﬁ STATU?SEEIaNNgngIHE
— 502 178 125 | 10 0 - - - -
_508 175 175 | 10 10 +6 - - -

576 125 17 20 - - - =
582 125 128 1 20 20 +6 = - -
666 | 17§ 175 1 30 - - - -

674 | 175 175 ] 30§30 48 - - -

178 125 17 40 30 = - - -
188 175 175 | 40 40 +10 = - -

930 1 176 1175 | S0 - - = =

044 126 175 |50 50 +14 = =

1166 125 1758 60 S0 = - - -
1188 175 17 §0 60 +22 - - -

. 1490 1715 17 60 60 - F - =
1680 126 178 ¢ 720 ) 60 = FLASHING] - =
1712 126 175 70 10 +32 = =

1736 |76 125 1 70 70 = LASHING +246

2102 | 176 175 70 = FLASHING | FLASHING -
2148 176 175 | 80 _+46 FLASHING | FLASHING -
2948 126 175 { 90 | 80 = LASHING | FLASHING -
3064 | 126 1175 | 90 20 +18 FLASHING | FLASHING =
_aa28 | 90 | 90! g0 0 [FLasHING|FLASHING =
5228 80 80 | 80 10 = [FLASHING | FLASHING -
5280 19 10 | 70 =52 FLASHING | FLASHING =
6106 10 1 10 60 = FLASHING | FLASHING -
6154 60 6 60 60 —48 ELASHING [ FLASHING =
1756, 60 60 60 50 = FLASHING [ FLASHING! -

- Indicates awaiting next change in SAD or warning status on computer or UDM for change

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 derin to
reflect UDM depth changes.
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FIGURE EN

{Continuad)
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
TINE DEPTH |DEPTH|{ SAD SAD CHMANGE TIME  |WARNING |WARNING |STATUS CHANGE TIME
(SECONDS)| (FSW) L(FSW){ (FSW) |(FSV)] —
860 | S0 | S0 1 50 =104 FLASHING -
9462 | 50 | S0 50 | 4 = FLASHING | FLASHING =
9566 | 40 | 401 40 ) 40 -104 FLASHING | FLASHING = -
ez | 40 | 401 40 | 30 = FLASHING | FLASHING =
_Ngze | 30 | 301 30 130 | @2  [IFLASHINGIFLASHING =
3396 | 30 ! 301 30 120 = FLASHING | ELASHING =
3482 | 20 } 201 20 20 =86 |FLASHING =
rzs6 | 20 | 200 20 20 - FLASHING! - -
mzs0 1 20 | 201 20 20 - - - -4
20 201 20 10 - - - -
17920 10 101 10 =18 - - -
10__ 101 10 - - - -
2405 | s | sl o 0 -14 - - -

- Indicates awaiting naxt change in SAD or warning status on computer or UDM for change

time comparison

NQIE: 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.




FIGURE E12

OECOMPRESSION DIVE PROFILE TRACKING DATA
OIVE PROFILE A. 175 FSW 60 MINUTES, OECOMPRESS TO SURFACE
93°F WATER TEMPERATURE
DIVETRONIC UDM #215

UDM WARNING STATUS
- A o, e i
DIVE COMPUTER! UDM |COMPUTER| UDOM | COMPUTER SAC COMPUTER| UDM COMPUTER WARNING
TIME ODEPTH |DEPTH]| SAD SAD CHANGE TIME  |WARNING |WARNING {STATUS CHANGE TIME
. | (FSW) | | (FSW) J(FSW)!  (SECONDS) STATUS | STATUS {SECONDS)
—a30 1 178 178 | 10 0 - = - -
332 125 175 10 10 12 = - -
—604 L 175 L1751 20 = = = -
— 508 178 175 120 20 4 - - -
§94 175 178 1 30 20 - - - -
100 128 125 30 3 6 - = =
—.508 175 175 40 = — - -
814 175 125 | 40 49 +6 - - =
964 1728 125 50 40 - - - -
968 175 125 ] S0 150 4 = = =
1206 175 1728 1 .60 150 - - - -
1212 | _17% 175 } 60 1 60 16 = - -
1520 | 125 175! 60 - FLA - -
—s0 | ws Jws! 60 {60 - FLASHING +10
1722 175 175 | 70 - FLASHING | FLASHING =
1734 175 1728 | 70 20 _$12 FLASHING | -
2154 175 125 | 80 10 = FLAM -
2168 175 125 80 | 80 +14 JELASHING| =
3072 125 175 | 90 80 - ELASHING| -
—3088 175 178 20 90 _+16 FLASHING| -
—-4326 1 88 | 90 1 90 = FLASHING | =
4330 84 90 1 80 80 =4 FLASHINGT -
5172 80 80 | 80 70 - FLASHING| -
— 2184 70 70 70 79 =12 FLAM 3 -
6034 10 10 70 60 - FLASHING =
6038 69 70 60 60 -4 FLASHIN SHIN -
- 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 E12

{Continued)
UDM WARNING STATUS
ELAPSED TINE CORPARED  T0 COMPARED 1O
T | DEPTH [obPTH| Vsab | $D | CHAME TIME  |VARMING. |MARNING [STATUS CRANGE TYNE
| (eswy eew| Py JePow)|  (secomos) | sTAuS | STATUS |0 (secowos)
_ a2 | 60 | 0] 60 |s%0 - FLASHING| FLA -
_ 260 | so | so) so |sp =28 FLASHING | FLASHI! -
_oss | 5o | sol so la - FLASHING| FLASHING -
o6 | a0 | w0l o |« 20 FLASHING -
oz | a0 | 40 & 30 - FLASHING| -
_nos2 | 36 | a3 a0 5 FLASHING| -
a2 | 30 | 30l z0 Jao = |FuasHING|FLasHING -
194 L 30 30 § 20 20 +12 FLASHING | FLASHING -
_asaz |20 20! 10 |20 - FLASHING | FLASHING -
11568 | 20 201 10 {20 - - -
17570 20 20 10 10 +38 - FLA -
17964 10 10 Jd0 i 10 - - - +396
_66 | 10 wl|l o |10 - - - -
10 ~1 0 0 +92 - - -

- Indicates awaitin
time comparison

NOTE:

g next change in SAD or warning status on computer or UDM for change

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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OIVE PROFILE 8.

FIGURE E3

DECOMPRESSION DIVE PROFILE TRACKING DATA

150 FSW 30 MINUTES, DECOMPRESS TO SURFACE

29°F WATER TEMPERATURE
OIVETRONIC UOM #8389

pp— B
ELAPSED TIME COMPARED TO COMPARED TO

TINE | DEPTH  [DEOTH| Sab | SAD | CMANGE TIME [WARNING [VARNING [STATUS CHANGE TIME
(SECONDS) | (FSy) [(FSWY| (FSW) 1(FS\) | STATUS | STATUS |
26 1 150 1150 1 10 0 = = = =
630 | 150 |sof 10 ] 14 - - -
—758 1 150 1150 | 20 10 = = = =
_m_T__m__u.g 20 20 4 - - R

4y | 18 a0 20 - - - -

950 151 150 | 30 30 +8 - = =
276 | 150 1150 | 40 = = = =
1288 | 150 150 ~ 40 40 +12 - - -

1212 150 150 S0 4G - - - -
_llﬁﬂ__lﬁﬂ__;_lﬁﬂ__ﬂ__ﬂ 114 = - =
1808 | 150 1150 1 S50 150 = FlA = =
1820 | 150 1150 ! 50 50 = FLASHING +12
—-2080 50 50| 40 150 = FLASHING =
2282 | S50 | S50 1| 40 +2 ELASHING =
—~2206 | 40 40 1 30 4 = FLASHING =

anz | 49 40 | 30 30 16 FLASHING | FLASHING -

3478 30 30| 30 20 - FLASHING -
_aguj_m a0 | 20 20 -5 FLASHING -

4860 20 20 | 20 10 - __ | FLASHING| -

4880 | N nl 10 10 ~20 FLASHING -
6586 | g wl o 10 - FL - -
__6588 0w [ wf o 0 %2 FLASHING| - -
5624 [} 0 0 ] - - -

- 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 progranaming computer depth to
reflect UDM depth changes.
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FIGURE E14

DECOMPRESSION DIVE PROFILE TRACKING DATA
DIVE PROFILE B. 150 FSW 30 MINUTES, DECOMPRESS TO SURFACE
29°F WATER TEMPERATURE
DIVETRONIC UDM #864

UUDM WARNING STATUS
- A o e e
e, oo |G s o i | o
{SECONDS) ((FSW) | (FSW) 1(FSW)! _ (SECONDS) STATUS 1 STATUS | (SECONDS)
—620 | 150 150 | 10 0 - - - -
632 | 150 [1s04 10 110 +12 - - -
— 150 | 150 150 | 20 10 - - - -
—262 | 1s0 lisol 20 |20 +12 - - ..
96 | 1s0 lso]| 30 20 - - - -
952 | 150 1 1s0 § 30 30 +16 - = -
1268 150 150 | 40 30 - - - _
“|l—288 | 150 |50 | 40 40 +20 = - -
_1702 | 10 |1s0) s0 |} 40 - - - -
1720 | 150 ] 150} 50 50 +18 - - -
1802 | 150 |150 , 50 50 - LASHING - -
188 | 150 }1s0] s0 . | s0 - FLASHING | FLASHING +16
2170 51 50 ; S0 = FLASHING | FLASHING -
2176 47 47| 4 49 -6 FLASHING | FLASHING -
2600 40 4 ] 49 30 - FLASHING | FLASHING =
2602 40 40 & 30 30 -2 FLASHING | FLASHING -
3298 30 301 30 20 = FLAS -
__ 3302 29 291 20 20 -4 LASHING | FLASHING -
4576 20 20| 20 10 - _|FLASHING | FLASHING -
4616 10 101 10 10 40 FLASHING | FLASHING =
6302 101 w0l 19 ) - FLASHING | FLASHING -
6306 10 101 10 Q. - _JFLASHING] - -
6324 0 el 10 0 = FLASHING| - -
6338 0 9ol 0 0 -36 FLASHING! - -

-~ 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 cccasionally evident, particulariy

during depth travel, as a result of slight delays in manually programming computer depth to
reflect UDM depth changes.
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FIGURE E15

DECOMPRESSION DIVE PROFILE TRACKING DATA
DIVE PROFILE B. 150 FSW 30 MINUTES, DECOMPRESS TO SURFACE
29°F WATER TEMPERATURE
CIVEYRONIC UDM #861

UDM WARNING STATUS
o Jon s s, R
DIVE |comPUTER| UDM |COMPUTER| UDM | COMPUTER SAD  |COMPUTER| UDM | COMPUTER WARNING

(siconosy| CEouY |Craud| oy |(PS|  CCSECONDSY | STATUS |'STATUS | ZScCONDSY

6a6 | 150 |0 10 | o - - - -

654 | 150 | 150 | 10 10 +8 - - -

7761 150 | 1s0 | 20 10 - - - -

786 | 150 | so ] 20 20 +10 - - -
——964 1 130 150 | 30 20 - - - -

978 | 150 Jiso | 30 30 +14 - - -
—~—1298 150 1 40 30 = - - -
1304 | 1s0 [1s0] 49 49 16 - _ - ~

1310 | 150 l1so| 40 30 - - - -

1320 | 150 f1so | a0 40 +10 - - -

1730 | 150 |10y so | 49 _ - - - -
1752 | 150 | 150 | s0 50 122 - - -

1828 | 150 |so | so | so - FLA - -

1932 | 150 |50 | s0 50 - FLASHING| +4
219 50 50 | 40 50 - FLASHING| -

2198 ) 50 | 40 40 12 FLASHING| -
2624 40 | 30 - FLASHING | FLASHING -
2638 40 | 30 |30 +14 FLASHING | F -

3300 30 0] 30 20 - FLASHING | FLAS -

3330 30 | 30 20 20 =30 FLASHING | FLASHING -
4662 | 20 20 | 10 0 - FLASHING | FLASHING -

4672 20 201 10 0 +10 FLASHING | FLASHING -
6368 10 1 ) 10 - FLASHING | FLASHIN -

6380 10 0]l o 0 +12 FLASHING| FLASHING -

6410 0 ol o 0 - 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 and UDM depth zre occasionaily 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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DIVE PROFILE B.

FIGURE E16

DECOMPRESSION DIVE PROFILE TRACKING DATA

29°F WATER TEMPERATURE

DIVETRONIC UDM #836

150 £SW 30 MINUTES, DECOMPRESS TO SURFACE

UDM WARNING STATUS
o 2 e, e
I et o) s PSS e,
[(FSW)] (FSW) 1(FSW)| ) STATUS | STATUS (SECONDS)
624 | =0 |1s0 | 10 0 - - - -
630 | 150 | 1s0 ] 10 10 +6 - - -
7s4 | 156 | 1so | 20 10 - - - -
764 | 150 |so| 20 |20 +10 - - -
—242 | 150 1150 | 30 20 = = = =
952 | 150 | o] 30 |30 410 - - -
—1290 | 150 1150 | 40 30 = = = =
1202 | 1s0 | 1so | 40 40 42 - - -
1710 150 150 50 40 - - = =
1728 | 150 | 150 | SO 50 +18 - - -
1806 150 | 150 50 50 = ELASHING - -
1824 150 150 5Q 50 = FLASHING | FLASHING +18
2204 50 50 40 50 - FLASHING | FLASHING =
2206 20 50 40 40 +2 — FLASHING I FLASHING =
2628 40 40 40 30 = FLASHING | FLASHING ~
2532 40 40 30 30 =4 FLASHING } FLASHING =
2364 30 L 301 20 30 = FLASHING | FLASHING =
3380 30 30 20 i) +16 ELASHING [ FLASHING -
4680 25 30 20 10 = ELASHING: FLASHING =
4716 20 20 16 10 ~36 SLASHING | FLASHING - —
£308 10 10 13 Q - FLASHING | FLASHING -
6402 10 18 0. 0 - FLASHING = =
6422 10 14 Q Q =24 FLASHIN - =
6466 2 0 0 Q Q FLASHING - { ~

- Indicates swaiting nast change in SAD or warning status on computer or UDM for change
time comparison

NOTE:

S1ight diffarencas in computer depth and UOM depth are occasionally evident, particularly

during depth traval, as a result of slight delays in nanually programming computer depth 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

UDM WARNING STATUS
s WL SR e
DIVE |COMPUTER| UDM |COMPUTER| UDM | COMPUTER SAD  |COMPUTER| UDM COMPUTER WARNING
TIME DEPTH [DEPTH| SAD SAD CHANGE TIME  |WARNING |WARNING |STATUS CHANGE TIME
. ._(ESV)_..(.ES!).LLES!L__LE&) (SECONDS) STATUS | STATUS __(SECONDS)
—536 | 150 10 0 - - - -
— 644 | 150 1150 | 10 10 +8 - - -
) 766 | 150 150 § 20 10 - - - -
178 150 | 150 § 20 20 +12 - - -
954 150 150! 30 20 - - - -
— 974 | 150 1 150 ! 30 +20 - - -
—J1292 | 150 150 | 40 | 40 9 = = =
1724 | 150 1150 | S0 40 = = = =
17 150 150 50 +18 - - -
I8 | 150 | 150 | SO - i - -
1836 | 150 | 150 50 = LASHING +18
—2180 50 50 | 50 {40 = LASHING]| i =
2182 | 50 | 50| 40 40 =2 CLASHING -
2608 40 4 1 30 30 0 FLASHING | FLASHING -
—3296 1 30 3¢.] 30 120 - FLASHING | FLASHING -
3302 30 | 30§ 20 |20 =5 FLASHING | FLASHING -
4588 20 20 1 20 10 = ELASHING | FLASHING -
4616 20 201 10 19 =28 FLASHING | FLASHING -
6302 10 191 10 0 - FLASHING | FLASHING -
6322 10 10 0 g =20 FLASHING | FLASHING -
6328 9_ 10 0 0 - ELASHING = = -
6366 0 01 0 0 - FLASHING| - -

- Indicates awaiting next change in SAD or warning status on computer o~ UDM for change
time comparison

. NOTE: Slight differences in computer depth and UDM depth are vccasionally evident, particularly
during depth travel, as a result of slight delays in manually programming compu’er depth to
reflect UDM depth charges.
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FIGURE E18

DECOMPRESSION DIVE PROFILE TRACKING DATA
OIVE PROFILE 8. 150 FSW 30 MINUTES, DECOMPRESS TO SURFACE
29°F WATER TEMPEFATURE
DIVETRONIC UDM #215

UDM WARNING STATUS
- o o R
S ot oo s | GRS (o, o | e M e
 (FSWY _ J(FSW)| (FSW) |(FSW) {SECONDS) STATUS | STATUS (SECONDS)
630 o 50 | 1s0 | 10 0 - - - -
— 634 | 150 1150 1 10 10 +4 - - -
~—252 1 150 1150 1 20 10 = - - -
— 764 | 150 1150 | 20 20 $2_ = - -
— 952 1 150 1150 1 30 20 - - - -
—-954 1 150 1150 1 30 130 +2 = - -
—-1208 150 150 | 30 40 = = = =
—l1300 1 150 1150 | 40 40 =2 - - -

1724 150 150 50 40 .= - - -

1732 150 150 | S0 50 +8 = = =
1814 | 150 1150 | 52 50 FLASHING! - - -
—1826 1 150 1150 { S50 50 = ELASHING{ FLASHING +12

1974 50 50 40 40 0 FLASHING| FLASHING =

2400 40 4 § 30 40 = FLASHING | FLASHING =
2402 40 40 30 30 +2 FLASHING | FLASHINY -

2926 29 30 1 30 <0 - FLASHING [ FLASHING =

2934 25 125 1 20 20 -8 FLASHING | FLASHI -

4040 20 20 20 10 = FLASHING | FLASHING =

4058 12 1 10 10 =18 FLASHING | F -

5164 19 10 0 10 - . ELASHING| =
5768 _ 9 10 0 0 +2 FLASHING | FLASHING -

- Indizates awaitiny next change in SAD or warning status on computer or UDM for change
time comparison

NOTE: Stight differences in computar deﬁth and UDM depth are occasionally avident, particularly
during depth travel, as a result of slight delays in manually programming computer depth to
refiect UDM depth changes.




APPENDIX F
REPETITIVE DECOMPRESSION DIVE PROFILE TRACKING DATA

UDM dive profiles are charted as compared to HP 1000 computer
programming. One dive profile is conducted on each UDM at 29°F water
temperature on the following schedule:

a. 150 FSW 30 Minutes
1 Hour Surface Interval
150 FSW 30 Minutes

KBY:

Figure Fl: Divetronic UDM 839
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




FIGURE F1

REPETITIVE DECOMPRESSION DIVE PROFILE TRACKING DATA
29°F WATER TEMPERATURE

DIVETRONIC UDM #889

' UDM WARNING STATUS
i s Che L%
[T o, CORYTER 18 | COMMEEL B ST, W | SRTEL G
| (FSW) {(FSW)| (FSW) |(FSW)|  (SECONDS) STATUS | STATUS (SECONDS)
626 150 10 { 10 | o0 - - - -
— 634 | 150 150 | 10 10 +8 - - -

758 150 150 | 20 10 = - = -
—166 1 150 20 20 +8 - - -
946 | 150 _1 150 | 30 20 = - - -

956 | 150 150 | 30 30 +10 = = -
—l282 | 150 150 1 40 130 - - - -
—J129% 150 150 | 40 40 +14 = = =

1708 150 150 | S0 40 - - - -

1230 | 1s0 1150 | s0 50 +22 = - =
1806 ! 150 150 | 50 50 - ELA - -
—1824 1 150 1150 | S50 20, = FLASHING| +18

50 50 | s0 40 - FLASHING | FLASHING -
—-2202 4] 2.1 4 =16 ELASHING, =

2616 40 4 | 40 30 = FLASHING| =
2628 | 32 1 324 30 130 =12 ______ | FLASHING [FLASHING =

3306 30 30| 30 20 = FLASHING | FLASHING =

20 20 | 20 20 =30 FLASHING | FLASHING -
4626 20 | 201 20 10 - FLASHING | FLASHING =

4658 10 0] 10 10 =32 FLASHING | FLASHING -
6338 | 10 0] 10 | o - FLASHING | FLASHING -
6368 2 0! 0 0 -30 FLASHING| FLASHING =

6394 0 0 0 0 = FLASHING| - -
10396 | 150 150 | 10 0 - FLASHING] - -

10402 150 150 | 10 10 +6 FLASHING| - -
_10452 150 150 | 10 10 - FLASHING | FLASHING -4058
10752 150 150 | 20 10 - FLASHING | FLASHING -
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FIGURE F1

e T o R R RN AR TR R et T Rt

(Continued)

UOM SAD CHANGE UM CAANGE TIME

COMPUTER| UDM |COMPUTER| UDM "E‘Snﬁﬁ’T‘E&"%Ro“ COMPUTER| DM congatr‘wsgnﬁgm

(sEcotios) | (P |Crswy| (P (P | CCSEconDSY | STATUS |'STATUS | CSECONDS) -
10764 150 |1so | 20 20 +12 FLASHING | FLASHING -
11084 | 150 1150 | 30 20 = FLASHING =
|—1aesa_| 150 {150 ¢ 30 130 +14 FLA FLASHING -
422 1 150 1150 | 40 | 30 = FLA FLASHING =
~11442 | 150 1150 | 49 40 +20 FLASHING | FLASHING -
|__11846 150 150 | .50 40 = FLASHING! FLASHING -
11868 150 150 | S0 50 +22 FLASHING | -

12564 _50 50 | S0 40 = FLASHING | FLASHING =
_)2592 49 4 | 40 40 =28 FLASHING| -

13956 49 4 | 40 30 = FLASHING | FLASHING -
14016 30 30| 30 30 =60 FLASHING | FLASHING -

15684 30 301 30 20 - FLA FLASHING -

15722 20 201 20 20 =38 FLASHING | FLASHING -
17408 | 20 201 20 10 = LASHING | FLASHING -

17430 10 0] 10 10 -22 FLASHING! FLASHING -

20502 10 0] 10 10 = = FLASHING -
20518 10 101 10 - = - +16
20736 10 101 190 0 - - - -

20864 0 0! 0 0 =128 - - -
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FIGURE F2

REFETITIVE DECOMPRESSION DIVE PROFILE TRACKING DATA
29°F WATER TEMPERATURE

OIVETRONIC UDM #864

UDM WARNING STATUS
D S, cs i
e (RS o comTen o | CHRTER p e | SOTEL
{SECONDS)! (FSW) _(FSW)  [(FSW! (SECONDS) STATUS | STATUS (SECONDS)
632 | 150 11s0l 10 0 - - - -
—638 | 150 lis0{ 10 10 16 = = =
— 264 1 150 150 1 20 10 = = = =
—__770 | 150 | 20 20 16 - = -
—952_ | 150 11501 30 20 = = = =
_ o960 | 150 fwol 30 a0 18 - . -
1294 150 | 150 | 40 30 = = = =
1202 | 150 150 | 40 40 +8 - - -
—172¢ | 150 ] 150 1 S0 40 = = = S
1736 | 1s0 150 | 50 50 $12 - - -
1816 | 150 150 | 50 |50 = FLA = -
150 1 1s0] s0 50 = FLASHING | Fi +20
2184 | =g %0 | 50 40 - FLASHING | FLASHING -
__2188 50 50 | 40 40 -4 FLASHING | FLASHING -
2614 49 40! 30 30 0 FLASHING) FLASHING =
3306 30 1 30! 230 20 - FLASHING | FLASHING -
3322 | ‘30 30| 20 20 -1§ FLASHING | FLASHING -
__4606 20 20| 20 10 = FLASHING| g -
4638 20 201 10 10 =32 FLASHING | FLASHING -
6342 10 01 0 10 = FLASHING | FLASHING =
6350 10 10 +8 FLASHING | FLASHING =
7314 0 ol o 0 = FLASHING] « -
10296 150 150 ;10 0 - FLASHING| - ~
_10304 | 150 150 | 0 10 +8 FLASHING| _ = . -
10650 150 150 | 20 10 - FLASHING| - =
__10656 150 150 | 20 20 +6 FLASHING] __= -
.- 10662 150 10 | 20 20 - FLASHING | FLASHING -3288
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FIGURE F2

{Continued)
UDM WARNING STATUS
TIME CONPARED TO COMPARED T0

TIME | DEPTH - |DEPTH| SkD || SAD | CHANGE TIME [VARNIVG. [WARNING [STATUS CHANGE TINE
SSECONDS)| (FSW) {(FSW)! (FSW) I(FSW) (SECONDS) STATUS | STATUS (SECONDSY
o978 | 150 | 150 { 30 20 = FLASHING | FLASHING =
10990 | 150 11350 | 30 $12 _ __  [FLASHING| -
2 | 150 11501 40 | 30 - FLASHING -
336 | 150 4 | 124 FLASHING| -
11738 | 150 [ 150 | S50 40 = FLASHING -
11756 | 150 1150 { S0 50 +18 ELASHING | FLASHING =
12956 50 40 S0 = FLASHING | FLASHING =
12962 50 50 | 40 40 -5 FLASHING | FLASHING -
14582 | 40 sn__m_Lm = FLASHING | FLASHING -
14612 49 40 1 30 130 =30 ELASHING | FLASHING =
_mani__r_an 30 1 30 120 = LASHIP{G.FEI.ASHINS =

16318 30 30 [ 20 20 =14 FLASHING| -

18024 | 20 20 | 10 20 = FLASHING| -
18026 20 201 10 10 =2 FLASHING =

21008 10 101 10 10 - - -
21348 10 101 10 10 - - - +250

21890 10 10110 0 - - - -

21896 10 10 0 0 -5 - = -




FIGURE F3

REPETITIVE DECOMPRESSION DIVE PROFILE TRACKING DATA
29°F WATER TEMPERATURE

DIVETRONIC UDM #861

UDM WARNING STATUS
TINE COMPARED T0 COMPARED 0
Tive | OEPTH |0EPTH| SAD | SAD | CGHANGE TIME  [VARMING |VARNING |STATUS CRANGE TINE
(SECONDS)| (FsW) 1(FSW)| (FSW) ICFSW). ) STATUS | STATUS (SE
—622 | 150 11501 10 1 0 = = = =
628 | 150 150 | 10 10 +6 = - -
—150 | 150 1150 | 20 10 = = = =
260 1 150 1150 | 20 20 +10 = = =
_ o6 | w0 [0l a0 f20 - . - -
—950 | 150 1150 | 30 30 +14 = = =
—J274 | 350 1150 | 40 30 = = = =
—J2% | 150 (150 | 40 +16 - -
1212 ! 150 150 | S0 40 - - - -
1728 | 180 11850 | S50 50 +16 - - -
1804 | 146 149 | 50 50 = FLA - -
1824 126 1201 S0 150 = FLASHING | FLASHING +20
—1920 § S0 | S04 40 |50 = FLASHING. =
—J950 | 40 | 40| 40 | 40 30 FLASHING | FLASHING =
—2346 40 40 | 30 40 = ASHING | FLASHING =
2360 4 1 4] 30 30 _+14 FLASHING | FLASHING -
2824 30 301 30 20 - “| ELASHING | FLASHING -
2846 20 20 | 20 20 =22 FLASHING | FLASHING -
3928 20 20 | 2¢ 10 - FLASHING | FLASHING -
2944 12 1.l 12 10 =16 LASHING | FLASHING =
5836 10 101 10 0 - FLASHING | FLASHING -
—a662 Q 0 Q. 0 ~26 FLASHING | FLASHING -
5670 0 0 0 = FLASHING! - -
2864 | 180 150 1 10 ] - FLASHI! - -
9470 150 150 | 10 10 +§ FLASHING: - -
9474 180 150 | 10 10 - FLASHING | FLASHIN =3804
9820 150 150 | 20 19 = FLASHING | FLASHING -
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FIGURE F3

(Continued)
UDM WARNING STATUS
W SRS e

e [HEREGI0 O B | R SNE e (5SS
m&m%mw) STATUS | STATUS {SECONDS)
9828 | 150 lsol 20 |20 _+8 ELASHING | FLASHING -
—J0160 | 150 {150 | 30 | = FLASHING]| -
._JDJJA_.__J.ED___IEQT_BL_L +14 FLASHING =
—10496 L 150 11501 40 |30 = FLASHING 1 FLASHING =
10516 | 150 1 150 40 _$20 LASHING | FLASHING -
10874 | 150 {150 | S0 = FLASHING =
_Jm_,r_lﬂ._J_liﬂ_._ﬂ__iL 216 FLASHING =
|86 | 50 | S0 S50 140 = LASHING =
11856 | 40 40 -20 LASHING | -
13198 | 40 | 40 | 40 a0 - FLASHING
3244 | 30 30 | 30 46 -
14920 30 301 30 20 - FLASHING | -
14950 21 20 | 20 20 =30 LASHING| =
16642 20 20 | 20 10 - LASHING| -
16656 14 121 10 10 ~14_ FLASHING| -
19730 ¢ 10 101 10 10 - - -
19750 10 104 10 10 = - - +20
—Jesgs | 10 101 10 Q - - - -
20010 0 0l 9 0 -182 = - -




FIGURE F4

REPETITIVE DECOMPRESSION DIVE PROFILE TRACKING DATA
29°F WATER TEMPERATURE

OIVETRONIC UDM #8136

UDM WARNING STATUS
o o, ccs 0%

e | o, COIER U | R 2 GOSN | SRTEL hDN
(SECONDS) | (FSW) |(FSW)! F(_:sy_)____mmupsx STATUS | STATUS (SECONDS)
—026 | 150 10 0 = = = =

__632 10 1iso] 10 |10 +6 - - -
—J86 | 150 150 | 20 = = = =
164 150 1150 | 20 20 48 ~ - -
—946 | 150 1150 1 30 1 20 = = = =
—954 | 150 30 30 __ +8 = = =
1290 | 150 1 150 | 40 = = = =
—J1296 | 150 150 | 40 40 26 = = -
~1218 | 150 1150 1 50 = = = =
—1z30 | 1s0 lsol s9 +12 - - -
—1808 | 150 S0 | S0 - FLA - -
a2 | 150 |isol s | - FLASHING 216
—2182 | S0 S0 | 40 - = ELASHING =

2186 so | so! 40 |40 +4 FLASHING -

2606 40 40 30 = FLASHING. -
—2608 40 [ 30 |30 -2 FLASHING -
s | 30 | 301 30 20 - FLASHING | FLASHING =

ana 28 261 20 20 =10 FLASHING =

4636 20 20 | 20 10 = FLASHING | FLASHING -

4664 20 201 10 10 -28 FLASHING | FLASHING -

6360 10 101 10 10 - | FLASH - -

6362 10 01 10 Q - E = -

6370 2 sl o g 8 _ FLASHING! - -

10288 150 150 | 10 9 - FLA = =

10290 150 150 | 10 10 +2 FLASHING] - - )

16310 150 1380 ¢ 19 - FLASHING | FLASHING -3950 ’
_loga2 ! 1s¢ 150 | 20 10 - r FLASHING -
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FIGURE F4
(Continued)

UDM WARNING STATUS

TINE COMPARED T0 CONPARED. 10

1IN | DEPTH - |oEATH| SAD | SAD | COMANGE TIME  |GARMING |NARNING |STATUS GRAMGE TINE

(SECONDS) | (FSW) [¢FSW)| (FSW) [(FSW)| | STATUS | STATUS | (SECONDS)
-Jogso ! 150 | 20 s FLASHING' =
_mmj_m.___m__an = ELASHING | FLASHING -
m14L4&Lm_1L +12 FLASHING. -
1306 150 1150 ) 40 130 = ' =
~11330 150 1 40 1 40 +24 FLASHING -
~N732 | 150 lisol so .40 = FLASHING! =
—l1758 | 150 11s0 ) S0 L s0 226 [FLASHING! =
12460 | so | sol 40 - FLASHING | FLASHING -
| 2470 | 50 | S0 1 40 140 +10 FLASHING | FLASHING -
—an24 | 40 | 40 = FLASHING | FLASHING =
~lagze | 30 3 30 130 -54 FLASHING | FLASHING -
15548 .30 30 30 20 = FLASHING | FLASHING -
—1sse6 | 20 1 201! 20 120 =38 |FLASHING|FLASHING =
17226 20 20 10 = FLASHING | ELASHING -
17292 12 ] 10 10 -16 ELASHING -
20364 10 0] 10 10 - - FLASHING -
20410 10 101 10 10 - - - +46
|10 10 ] 10 0 - - - -
20678 0 ol ¢ 0 =62 = = =
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FIGURE F5

REPETITIVE DECOMPRESSION DIVE PROFILE TRACKING DATA
29°F WATER TEMPERATURE
DIVETRONIC UDM #795

| UDM WARNING STATUS
UDM SAD CHANGE CHANGE TIME
TIME COMPARED TO COMPARED TO
e (B0, e e | cheicn e ot | e e
| (FSN) |(FSW)| (FW) [(FswW)| °— (SECONDS) STATUS | STATUS (SECONDS)
60 - 150 |1 10 0 - - - -
632 | 1s0 fso ! 10 10 +12 - - -
750_| 150 Q.| 20 10 - - - -
264 | 150 | v 20 20 14 - - -
| 940 | 150 |50 ] 30 20 - - - =
‘ 958 | 149 |1sol 30 20 +18 - - -
1292 | 150 {1so| 40 30 - - - -
2206 | 150 {150 | 40 49 14 - - -
14 | 10 |1 50 49 - - - -
1728 | 150 }so| 50 50 14 - - -
10 | 150 Js ) so  fs0 - FLasiing| - .
1822 | 150 | 150 | 50 50 = LASHING|FLASHING! 418
2146 50 so| 40 |40 0 FLASHING | FLASHING -
2566 | 40 4 | 40 30 - FLASHING -
—4572 | 40 40 { 30 30 =6 FLASHING | FLASHING =
3216 | 30 30 | 30 20 - FLASHING | FLASHING ~
| LY 30 0| 20 20 =16 FLASHING| =
1 4476 20 20 | 20 10 - FLASHING | FLASHING -
| 4516 20 20| 10 10 40 FLASHING | FLASHI -
| £196 19 0] 10 0 - FLASHING | FLASHING -
E 6200 1 101 10 0 - FLASHING| - -
1 — 56222 10 101 0 0 =26 FLASHING] - =
| 9908 94 %] 0 0 - FLASHING | FLASHING ~3798
| 10156 | 150 | 150 | 10 0 - FLASHING | FLASHING -
19162 | 150 | 150 | 10 10 |- 16 FLASHING | FLASHING -
10512 | 150 {150 | 20 10 - FLASHING | FLASHING -
; 052z | 150 [1s0 | 20 20 +10 FLASHING | FLASHING -
F-10
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« FIGUPE F5
(Continued) ,
t UDM WARNING STATUS
UDM 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
| (FSW) _I(FSW)) (FSW) I(FSW) (SECONDS) STATUS | STATUS ( SECONDS)
10850 130 159 | 30 20 = ELASHING =
) 10856 150 150 | 30 30 +6 LASHING | FLASHING -
11196 | 150 150 | 40 30 - FLASHING | FLASHING -
11200 150 150 | 40 40 +4 FLASHING | FLASHING -
11614 150 150 | S0 40 - FLASHING | FLASHING - -
; 11620 | 150 150 |50 50 6 FLASHING | FLASHING - .
12178 50 50 { 40 50 - FLASHING | FLASHING -
12180 | 50 S0 | 40 49 +2 ELASHING | FLASHING =
E 13474 49 4 |_40 30 - FLASHING | FLASHING -
13482 40 4 | 30 30 -8 FLASHING | FLASHING -
5182 30 301 30 20 = ELASHING I FLASHING -
15188 30 301 20 20 -6 FLASHING | F -
16896 20 201 10 - FLASHING | -
!
‘ __16908 20 201 1w 10 +12 usum% | FLASHING -
19968 10 10 0 _10 - ~ FLASHI -
20022 10 10 0 10 - = - +54 ;
20026 10 10 0 0 +58 - - - '
\
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FIGURE F6

REPETITIVE DECOMPRESSION DIVE PROFILE TRACKING DATA
29°F WATER TEMPERATURE

OIVETRONIC UOM #215

UDM WARNING STATUS
2 s, A
e[S, e 0 | e g e | S S,

CSECONDS)| (FSW) |(FSW)| (FSW) [CFSW)| (SECONDS) STATUS | STATUS | - (SECONRS)
626 | 150 11501 10 0 - - - -
636 | 150 !isol 10 10 +10 - - -
756 | 150 |1s0] 20 10 - - - -
766 1 150 lsol 20 |20 +10 - - -
944 | 150 ] 150! 30 20 - - - -
956 | 150 lso! 30 30 +12 - - -
_1z82 | 150 | 150 | 40 30 - - - -
1300 | 150 1150 | a0 40 +18 - - -
1710} 150 | 1s0 | so 40 - - - -
—lzde 1 150 150 | 50 S0 +22 - - -
1806 1 130 | 1se ! so 50 - FLASHING] - -

___1866 150 150 1 S0 52 = FLASHING | FLASHING 160
~-2198 { 50 50 { 50 40 - FLASHING | FLASHING -
2206 45 a6 | 40 |40 -8 FLASHING | FLASHING -
2632 4 41 30 14 - FLASHING|F -
__ 2638 40 40 | 30 30 +6 FLASHING| FLASHING -
3354 30 30| 30 20 - FLASHING | FLASHING -
3370 2 0l 20 20 =16 FLASHING | FLASHING -
4676 20 201 20 10 - FLA ELASHING -
| 4724 10 10| 10 10 -48 FLASHING | FLASHING -
6428 1011wl o 10 - FLASHING | FLASHING -
| 6430 10 Wl o 10 - FLASHING! - -
| 6432 10 0wl o 0 +4 FLASHING| _ - -
| 0294 | 150 | 1s0{ 10 0 - FLASHING| - -
! 10302 1 150 | 180 ] 10 10 +8 FLASHING| - -

f 10306 | 150 | is0 | 10 10 - FLASHING | FLASHING -3876
10648 | 150 | 150 | 20 10 - FLASHING | FLASHING -
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FIGURE b

(Continued)
l UDM WAKNING STATUS
TINE COMPARED TO COMPARED. 10

vie | DRI |OEPTH| SAD | SAD | CCHANGE TIME  |VARNING'|WARNING |SYATUS CRANGE TIME
(SECONOS)! (FSW) I(FSW)} (FSW) I(FSW)! _ (SECONDS) | SYATUS | STATUS | (SECONOS) .
10662 1 150 20 20 +14 FLASHING | FLA - —
10986 | 150 150 | 30 20 - LASHING| -

1000 | 0 11s0 ] 30 30 +14 FLASHING | FLASHING -
13318 ¢ 18D 150 ' 40 1 30 = FLASHING | FLASICING = —

11344 | 150 | 1se | 40 | 49 +26 FLAShING | FLASHING -

11746 | 156 ] 150 | s0 40 - LASHING| FLASHING -

n774 | 150 j1s0] so 50 +28 FIASHING | FLASHII -

12512 | 50 50] s0 |4 - FLASHING | FLASHI -

12546 40 4| 4 40 =34 FLASHING | FLAS! -

13934 39 401 40 0 - FLASHING | FLASHING -

13994 30 30 30 =60 FLASHING | FLASHEM -
15652 30 30} 30 20 - FLASHING | FLASHING -
—ls700 | 26 20| 20 26 =48 {FLASHING! : =

173178 20 201 20 11 . FLASHING | FLASHING -

17406 ) 0] 10 10 -28 FLASHING | FLaS -

20478 10 6] 10 10 - - __|FA -

20666 10 ] 1w0] 10 10 - - - +188

20736 10 wi o 10 - - - -
20742 10 9, 0 0 16 - - -
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APPENDIX G

WARNING STATUS TEST DATA

UDM safe ascent depth (SAD) information is verified for accuracy by
conducting the following schedule at 29°F water temperature:

a. 150 SW 60 minutes
. Decompress to 30 FSW

K5Y:

Figure G1 : Divetronic UDM 889
_ Figure G2 : Divetronic UDM 864

Figure G3 : Divetronic UDM 361

Figure G4 : Divetronic UDM 836

Figure G5 : Divetronic UDHM 795

Figure G6 :

Divetronic UDM 215

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. FHold depth until computer and UDM
warning status is initiated. Surface,
skipping all decompression atops.

Confirm UDM out of range light
activation. Monitor UDM ascent time, and
- compare to computer "Total Time to
Surfece (TIS)."




FIGURE G

WARNING STATUS TEST DATA
29°F WATER TEMPERATURE
DIVETRONIC UDM #88¢%

UDM WARNING STATUS
o o s, e
o [ comen |G o, i | oA
(SECONDS) (FSW)| (FSw) [(Fsw)|  (SECONDS) | STATUS | STATUS _(SECONDS)
64 | 150 lisof 0 | o - - = - -
s | yso 1m0l 10 fo 1 - - =
77 | 150 |0 | 20 10 - - - -
—l82 1 150 1130 ] 20 2 +8 = = =
962 | 150 |sol 30 20 - - - -
972 | 150 Jwso! 30 |30 +10 - - -
__ 1304 150 ] 150 | 40 30 - - - -
3 1318 | 150 |so] 40 |40 +14 - - -
| 1734 | 1s0 |so| so | 40 - - - -
| —1750 150 ] 150 | S0 _50 +16 - - -
1 26 | 150 |50 s0 - FLASHING| - -
| 1842 | 150 |iso] so | s0 - ELASHING | FLASHING +16
A4 1 150 S0 1 6C = FLASHING | FLASHING =
2240 | w50 |50} 60 +16 FLASHING | FLASHING -
r 3374 150 150 | 70 ! 60 = FLASHING| FLASHING -
| _ 3394 | 150 J1so| 70 20 +20 FLASHING| -
4152 | 20 0] 70 - FLASHING | FLASHING -
4154 | 70 20| 60 -2 FLASHING| FLASHING -
5008 60 60 | s0 60 - —_ | FLASHING | FLASHING -
5010 60 60 | 50 £ FLASHING| FLASHING -
6600 50 50 | s0 40 - FLASHING| FLASHING -
6608 | 44 44 | 40 40 -8 FLASHING | FLASHING -
8306 49 4 | 40 30 - FLASHING| FLASHING -
8316 | 32 3l 30 30 -10 FLASHING| -
10022 | 30 | 30/ 20 30 - FLASHING| FLASHING -
10030 30 0| 20 20 +8 FLASHING|FLASHING -
12094 30 0] 10 20 - FLASHING | FLASHING -
)
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FIGURE G1

(Continued)
UDM WARNING STATUS
UOM SAD CHANGE CHANGE TIME
' TIME COMPARED TO COMPARED TO
COMPUTER| UDM |COMPUTER| UDM COMPUTER SAD COMPUTER| UDM COMPUTER WARNING
TIME OEPTH |DEPTH| SAD SAD CHANGE TIME WARNING |[WARNING |STATUS CHANGE TIME
LS.ECQND.S).‘_(M_.LES!L_(.ESH)_.LE&L__LSECQNDS) STATUS | STATUS {SECONDS)
12096 30 10 1 +2 ELASHING -
. 15548 30 10 10 - - LASHING -
—15630 30 10 10 = - - +82
16230 | 150 ] 1s0of 20 10 = = = =
16242 | 150 1150 } 20 120 +12 - - -
16518 § 180 1 150 1 30 20 - - - -
—J16526 | 150 150 30 +8 - = -
16724 150 150 1 30 30 - - -
16778 150 150 30 30 - FLASHING| +4
6-3
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FIGURE G2

WARNING STATUS TEST DATA
29°F WATER TEMPERATURE
DIVETRONIC UDM #864

UDM WARNING STATUS
R S, s
e (R ol I 0 | UG (GRS e (<Y S e
| (FSW) |(FSW); (FSW) [(FSW) (SECONDS) STATUS | STATUS (SECONDS)

634 | 150 150§ 10 Q - - - -
—638 1 150 £ 150 1 10 10 14 = = =
—766 | 150 1150 | 20 10 = = = =
|—268 ¢ 150 1150 | 20 20 £2 = = =
—956 | 150 1150 { 30 20 = = = =
—258 1 150 150 | 30 30 +2 - - -
1298 1 150 1150 1 30 4 = - - -
—-1304 } 150 1150 1 40 1 40 =6 = = =
—1730 150 150 1 s0 |40 - - - -
1732 1 150 ] 150 ) S0 50 +2 - - -
—1820 | 150 150 50 50 = FLASHING] - -
_ 828 | 150 ol so fso - FLASHING | FLASHING o8
—2318 | 150 1150 1 S0 | 60 = FLASHING -
—2330 1 150 120 | 60 60 =12 FLASHING | FLASHING | =
2376 149 1150 | 70 70 0 FLASHING| -
4148 | 70 | 70| 60 19 - FLASHING| FLASHING] =
4158 70 70 | 60 60 +10 LASHING [ FLASHING -

—5000 | 60 | 601 50 60 - FLASHING | FLASHING - __
5020 60 60 | 50 50 +20 FLASHING | FLASHING -
6600 50 | 50| 50 40 - FLASHING | FLASHING =
6602 | SO 50 | 40 40 =2 FLASHING | FLASHING =
8308 4] 40 ! 30 40 - FLASHING | FLASHIN -
8326 41 | 401 30 30 +18 FLASHING | FLASHING -
10014 30} 301/ 20 {30 = FLASHING | FLASHIN =
10050 30 30 | 20 20 +36 FLASHING | FLASHING -
o8 | 30 ] 301 10 20 - FLASHING | FLASHING -

12110 30 301 10 10 +2 FLASHING | FLASHIN - -
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FIGURE G2

(Continued)
UDM WARNING STATUS
UDM SAD CHANGE CAANGE TIME
TIME COMPARED TO COMPARED TO
COMPUTER|{ UOM |COMPUTER| UDM COMPUTER SAD COMPUTER| UDM COMPUTER WARNING
TIME DEPTH |[DEPTH| SAD SAD CHANGE TIME WARNING |WARNING |STATUS CHANGE TIME
L (FSW) J(FSW)| (FSW) M(FSW)! _ (SECONDS) STATUS | STATUS {SECONDSY .
_lﬁilﬂ__iL__iﬂj_lL 10 - - FLA -
: 5648 1 30 10 10 = = - +114
16242 1 150 180 ; 20 10 - - - -
- 16254 150 150 20 <0 +12 - - -
16528 | 150 1 150 | 30 20 - - - -
16542 | 150 150 | 30 30 +14 = - -
16290 } 150 1150 1 30 | 30 = FLASHING] - -
16792 180 ] 30 130 - FLASMING | FLASHING +2
. 1
|
|
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FIGURE G)

WARNING STATUS TEST DATA
29°F WATER TEMPERATURE

DIVETRONIC uDM #861

- A S
conpurer| vom [compuren] uow |  COMSUTER SaD  |compuTer| Uon | COMPUTER wARNING
TIME | DEPTH |DEPTH| SAD | SAD | CHANGE TIME |WARNING |WARNING |STATUS CHANGE TIME
(SECONDSYI (FSW) I(FSW)| (FSW) {(FSW)) _ (SECONDS) STATUS | STATUS (SECONDS)
G44 130 1 150 { 10 0 - - - -
ge8 | 150 | 150} 10 10 4 - - -
724 | 10 fsn]| 20 |10 - - - -
150 |sol 20 20 16 - - -
o6 | 150 fisof 30 |20 - - R -
910 150 130 1 _30 130 +6 - - -
1306 | 150 1150 | 30 - - - -
208 | 10 {10 40 lao 22 - - -
10 |50 ) s0 |40 - - - -
1744 | 150 lsol so  |sp 48 - - -
1826 | 150 jis0| so  |so - “{rasuing| = -
_1840 | 150 |s0l sp 50 = FLASHING +14
—A330 ¢ 180 11501 60 50 = ELASHING | =
—2334 150 150 | 60 60 4 FLASHING | FLASHING =
3376 | 150 |isol 70 |60 - FLASHING| -
3390 | 150 lisol 70 70 +14 FLASHING| -
4138 20 20! 70 - FLASHING -
4140 10 70 | 60 60 =2 FLASHING | FLACHING =
-4992 60 60 80 = [FLASHING H =
_s002 | 60 60 | 50 |sg +10 FLASHING | FLASHING -
6554 50 50| 50 40 - FLASHING| -
6572 | 42 42| 4 a9 -18 FLASHING | FLASHING -
8278 40 40 | 30 30 (] FLASHING | FLASHING =
9984 30 20 30 - FLASHING | FLASHING -
10002 30 0! 20 20 +18 FLASHING | FLASHIN -
12018 | 30 30l 10 20 - FLA FLASHING -
12022 30 30 | 10 10 +4 FLASHING | FLASHING -
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FIGURE G3

{Continuad)
UOM WARNING STATUS
UDM 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 IWARNING [STATUS CHANGE TIME
(SECONDS)| (FS) [(FSW)] (FSW) I(FSW)| N | STATUS ;. STA(US (SFCONDS)
_m.__:n.__r_:n 10 16 - - g -
15608 a0 30! 10 10 - = +118
~i8040 | 150 1 150 1 20 10 - - - _
_Jszy_.--m__rm-_n 29 +4 - = -
6518 | 0 11s0 | s0 ) z0 - - = -
16526 | 1s0 lysal 30 Ja3o 8 - - =
6780 | s0 | 1so § 30 0 - ELASHING | FLASHING| q
G-7
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FIGURE G4

WARNING STATUS TEST DATA
29°F WATER TEMPERATURE

DIVETRONIC UDM #836

UDH SAD CHANGE UM ERANGE 1THE

COMPUTER| UDM |COMPUTER| UDM ngmco%:ngum COMPUTER| UbH conﬁﬁ’r‘ﬁﬁ"SﬂaI?na

(sicoposy | Crewt |(Pwy| (pn o] CSEcoMiSy |"STATUS | SUATUS | {SECONRSY
— 832 | 150 11501 10 0 = - = =
—G40 | 150 10 210 48 - - -
162 1 150 1150} 20 10 = = = =
— 112 | 150 1150 | 20 20 +10 = = =
950 150 1150 ) 30 {20 = = = =
— 962 | 150 11501 30 130 212 = = =
—J290 | 150 1150 | 40 30 = = = =
1306 | 150 1150 | 40 [ 40 +16 = = =
—1720 | 150 {150 | S0 40 - - - -

1740 | 150 150 | S0 | S0 420 - - -
1814 | 10 liso! so |so = - - i
1832 150 150 | 50 | S0 = +18

—2300 | 150 150 | 60 | S0 = FLASHING | FLASHING =
2334 150 1150 | 60 60 +34 FLASHING | F: -
—3342 1 150 11501 70 - FLASHING | FLASHING -
— 3382 1 150 1150 } 70 _10 _+40 FLASHING | FLASHING -
4162 70 70 | 70 60 - FLASHING | FLASHING -
- 60 60 1 60 60 =28 FLASHING] =
5022 60 60 | &0 50 - FLASHING | FLASHING =
5042 50 50 | 50 50 =20 FLASHING | FLASHING -
—6626 | SO | SO 350 40 - |FLASHING) =
6644 40 40 | 49 40 -18 FLASHING | FLASHY -

40 40 | 30 30 0 FLASHING | FLASHING -

10070 30 30 20 Q LASHING | FLASHING =

12088 30 30| 20 10 - FLASHING | FLASHING -

12144 30 30| 10 10 -56 FLASHING | FLASHING -

15598 30 301 10 10 - - LASHING -
G-8
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FIGIRE G4

(Continued)
UDM WARNING STATUS
UOM SAD CHANGE CHANGE YIME
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
(sECM0s) [ (FSW) [(Fow)| (FSW) ICFSW),  (SECONDS) | SYATUS | STATUS ( SECONDS)
‘ asss L 30 | 301 10 110 = = = 428
i ezs2 | oys0 lasef 20 = = = =
6266 Lase Lasof 20 20 +14 - - -
. 6L 150 L1504 30 120 - - - -
6558 1 _1%0 150 1 30 30 210 - -
~e&2 | 150 lisod 20 130 = FLASHING! - =
—lea0 | 1s0 {150 ) 30 130 = ELASHING|F +8
G-9
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FIGURE S5

WARNING STATUS TEST DATA
29°F VATER TEMPERATURE
OIVETRONIC JDM #795

UDM WARNING STATUS
2 el s
(SECONDS)| (FSW) I(FSW)! (FSW) 1(FS¥)| _ (SECONDS) STATUS | STATUS (SECONDSY .
— 528 | 150 11501 10 1 0 = = = =
—632 1 150 1150 1 10 24 = = —_
—I60 | 150 1150 | 20 ] = = 2 =
— 164 3§ 150 1150 | 20 120 4 = = =
— 950 | 150 11501 20 | = - =
— 354 | 150 11501 230 0 _4 = = =
—J206 | 150 1150 | 40 1 40 0 = = =
—J222 | 150 1150 ! S50 40 = = = =
—1730 | 150 | 150 1 50 —+8 = = =
80 | 50 1150 ) s0 } S0 = FLASHING! - =
1324 | 150 1150 1 SO | S0 = FLASHING | FLASHING +14
—2300 | 150 [1sol 60 |so = FLASHING -
—2310 | 150 1150 1 60 | 60 —+10 FLASHING =
—3342 | 150 1501 70 ! 60 = [ FLASHING =
3376 | 150 70 134 FLASKING =
4168 70 1| 20 /[ 70 = FLASHING | FLASHING =
4186 70 ! 101 60 60 =18 IFLASHING]FLASHING =
5028 | 60 | 60| 60 | S0 = FLASHING | FLASHING =
—5040 | 51 501 50 150 =12 FLASHING =
G646 | S50 | S0 1 S0 | 40 = FLASHING | FLASHING =
5666 | 40 | 40 | 40 40 =20 FLASHING { FLASHING =
8344 | 40 | 40 40 |30 = FLASHING | FLASHING =
8372 | 30 [ 3 30 =28 FLASHING | -
0078 | 30 | 301 20 30 - FLASHING | -
10080 | 30 ! 30} 20 20 +2 FLASHING | FLASHING -
12164 30 | 301 1w 20 - FLASHING -
_12166 30 301 10 10 +2. FLASHING | FLASHING =
G-10




FIGURE G5

(Continued)
UDM WARNING STATUS
UDM 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)! (FSW) |(FSW)| (FSw) I(FSW)|  (SECONDS) STATUS | STATUS (SECONDS)
_1.5515_7_.3!1 30! 10 10 = - LASHING =
. 15482 30 30| 10 1 - - - +108
16286 150 150 | 20 10 - - - -
16292 | 150 |15 <0 20 +6 - - -
15. - 150 150 | 30 20 - - - -
16586 150 150 | 30 30 +12 - - -
16834 150 150 | 30 30 - FLASHING| - -
16836 150 150 & 30 30 - FLASHING | FLASHING +2
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FIGURE G6

WARNING STATUS TEST DATA
29°F WATER TEMPERATURE

DIVETRONIC UDM #215

UOM WARNING STATUS
A 0 cues i
N o e e W M R
(FW) J(FSW)| (Fsw) |(FSw) (SECONDS) STATUS | STATUS {SECONDS)
€0 | 150 [1s0l 10 0 - - - -
636 | 150 | 150 ] 0 10 16 - - -
762 | 149 1150 | 20 10 - - - -
766 | 150 ] 150 | 20 20 4 - - -
954 | 150 !1s0 ] 30 20 - - - -
956 | 150 |1s0 | 30 30 12 - - -
1300 | 150 | 1s0 ! 30 49 - - - -
1302 | 150 [ 150 | 40 40 =2 = - -
1726 | 150 | 150 | s0 40 - - - -
1732 150 150 | 50 50 16 - - -
1814 | 150 {1s0| s0 | s0 - FLASHING| = -
1826 | 150 150 | 50 50 - FLASHING | FLASHING +12
2322 1 150 1150 | 60 60 0 “LASHING | FLASHING -
3360 | 150 | 150 ] 70 60 - FLASHING | FLASHING -
3378 | 150 |0 | 70 70 +18 FLASHING | FLASHING -
4160 70 70| 70 60 - FLASHING | FLASHING -
| 4164 65 68 | 60 60 -4 FLASHING ; FLASHING -
5018 60 60 | 50 60 - FLASHING | FLASHING -
5024 60 60 | 50 50 -6 FLASHING | FLASHING -
6606 50 50 | s0 40 - ELASHING | FLASHIN -
6626 40 40 | 40 40 -20 FLASHING | FLASHING -
8328 40 4 | 40 30 - FLASHING | FLASHING -
8334 37 38 | 30 30 6 FLASHING | FLASHING -
_ 10040 30 30| 20 20 0 FLASHING | FLASHING -
1 12116 30 300 10 10 0 FLASHING | FLASHING -
| 15576 | 3¢ 301 10 10 - - |FLASHING -
| 15650 | 30 | 30| 1w |0 - - +74
E
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FIGURE G6

(Continued)
UDOM WARNING STATUS
UDM SAD CHANGE CHANGE TIME
TIME COMPARED TO COMPARED TO

COMPUTER| UDM |COMPUTER| UDM COMPUTER SAD COMPUTER| UDM COMPUTER WARNING
TIME ODEPTH |DEPTH| SAD SAD CHANGE TIME WARNING |WARNING )STATUS CHANGE TIME

_(FSW) 1 (FSW)| (FSW\ 1(FSW){ _ (SECONDS) STATUS | STATUS { SECONDS)
16262 | 150 150 | 10 20 - = - -

_16264 | 150 150 | 20 20 -2 - - =
16548 | 150 150 | 30 20 - - = -
_165%2 | 150 ] 150 | 30 30 +4 - = -
16802 | 150 150 | 30 30 - FLASHING] - -
16804 | 150 | 150 | 30 30 - FLASHING| FLASHING £2
|
{
|
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APPENDIX H

December 22, 1986

TECHNICAL MEMORANDUM NO. TM86-14

From: NEDU Code 025 (Author: CURLEY)
To: FEDU Code 00
Via: (1) REDU Code 02

(2) NEDU Code 031

(3) NEDU Code 01

Subj: UNMANNED DRY HUMAN FACTORS EVALUATION OF THE ORCA INDUSTRIES PROTOTZPE
MODEL "Nl UDC" UNDERWATER DECOMPRESSION MORITOR (UDM)

Distribution A: Approved for public release; distribution unlimited.

Ref: (a) Ravy 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 Ro. PSA-8546 of 19 March 1984

Encit (1) Figures 1 - 3 (All photographs by B. Campoli, NCSC)

Key Words: ORCA, UDC, UDM, Human Factors, Underwater, Decompression,
Computer, N1

1. Introduction

One prototype wrist-worn (or holatered) 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 manual
referred to the prototype UDM as the "Nl UDC". A manual for the ORCA EDGE UDC
vags also provided, as the manufacturer indicated that the hardware for both
the EDGE and the prototype N1 are essentially identical.

2. General Characteristics

The N1 UDC prototype (Figure 1) was rectangular in shape and measured 18.3
em (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 plastic
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.
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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
screws have stops 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 hy 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, leadirg to the inadvertent dislodging of the
switch from the design~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 glcves.

3. Displav Characteristicsg

The liquid crystal display (LCD) face measured 5.2 c¢m 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 Rl (rotated 90° 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 s blinking asterisk (Figure 1).

The LCD numbers were large [0.8 cm (H) x 0.5 cm (W)], colored hlack on a
grey background, and easy to discriminate when viewed from directly above in
cifice 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 ~ 30° 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 conditionms
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.
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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 was furnished with a piece of white paper, on
vhich 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, the 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 "ITS" and "Stop Time" LCDs for labels., If
the asterisk (or "B") 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 Specifications

A review of the specifications outlined in réference (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 an
angle at least to 45° 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 weight of UDM.
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6. Summary

The ORCA "N1 UDC" ia a large, bulky and heavy UDM, yet offers several
advantages in simplicity of design, large numerical LCDs, and ease of
operation and maintenance. It is essential, however, that the specifications
for illumination and aignaling 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.

M . %

M. D. CURLEY

GRS S L g Y S o P v T Y



N1 UDC showing display window '(A), display labels (B), and

pressure transducer ports (C).

FIGURE 1.
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APPENDIX I

December 22, 1986

TECHNICAL MEMORANDUM NO. TM86-13

From: UNMEDU Code 025 (Author: CURLEY)
‘To: NEDU Code 00
Via: (1) REDU Code 02
" (2) KEDU Code 031
(3) NEDU Code 01

‘ Subj: UNMANNED DRY HUMAN FACTORS EVALUATION OF THE DIVETRONIC PROTOTYPE U. .
NAVY MODEL UNDERWATER DECOMPRESSION MONITOR (UDM)

Distribution A: Approved for public release; distribution unlimited.

Ref: (a) Navy Experimental Diving Unit Test Plan Ro. 85-37 of December 1985.
(b) MIL-STD-1472B, Human Engineering Design Criteria for Military
Syatems, Equipment and Facilities, 31 DEC 1974 with 1976, 1978
Revisions.
(c) Commerce 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, Humen Factors, Decompression,
Computer

1. Introduction

A prototype wrist-worn underwvater 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 teat 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.....newv manual....P2-2" (Figure 2). Two sets of serial numbers were on
the UDM 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 Characterjistics

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 1lbs 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 the display
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backlighting (Figure 5). Two rubber straps with steel buckles were 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 em
long (Figure 5).

3. Instruction Manual Review

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

il 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
found 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 17

* p, 6 Is the UDM accuracy really + 1.6 ft water, regardless of depth or
specific gravity of water (i.e. fresh versus salt 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
within a normal rate of ascent, and then gtopg flashing when the
rate is exceeded. This is inappropriate. According to human
factors enginearing 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 too rapid.

* 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 3tatus IAW reference (b). A constant green light should
be used to indicate all conditions are satisfactory.

* p.l10 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 yellow 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 Iwo 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 dut not explained in the
manual. Thia feature is not required for U.S. Navy use.

* p.l8 Why cannot the UDM recharger be plugged directly into line
voltage? How does the manual define line voltage?

® p.2]1 Multiple data presentation, including non-operator controlled
non-essential information, can lead to operator confusion in
state of atress or presence of heavy information processing load.

* No information is provided on how to replace batteries.

L] No addresses, telephone numbers, or point of contacts were listed in
manual.

®*  Activation of the UDM 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 1s also affected by low
battery voltage, though this is not mentioned in the text.

4. Displav 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 conaists of eight different
size/type/font combinations, colored blue, red and grey. The display face
cover 1s 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 yumbers 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 45° 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 uneven. and 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" lettering.
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 reievant information.
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®* The LEDs are bright enough to ba seen easily underwater. However, the
multiple lighting and flashing of thcse LEDa as presently programmed is
diatracting, inappropriate as reviewved above, and can lead to sensory overload.

®* As described in the manual, the maximum depth indicator is flashed for
2.5 seconds each 30 sec; this approach removes control of information access
from the operator, and may interfere substantially with his access to
information he desires, e.g. ascent time. Access to desired but not essential -
(i.e. critical) information should be on demand at the cperator'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 displava. 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 Specifjcations
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 screvw 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 pirotection 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. Recommendations for Re-Design for Use by U.S. Navy

Eliminate flashing display function when within 6 min of
no~-decompression obligation being incurred.

Eliminate rate of ascex.’'signaling except for a flashing (3-5 cps) red
LED wvhen rate ias EXCEEDED. LED will go out when rate falls within
0-60 fps.

Use race of aacent flashing red LED to also signal vhen diver is TQ0
SHALLOW, ascending past the required deccmpression stop. Red LED will
go out and be replaced by steady green LED when diver is at desjgnated
stop.

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 IAW Section 4 comments
above; use proper Navy terminology (2.g. 60 ft/min vice 33 ft/min).

-h. Rewrite instruction manual, including in revision the information

noted omitted previously in section 3 snd ensure it accurately
reflects the present UDM features and programming.

i. Incorporate a low battéry indicator function when unit i{a submerged;
this function is criticsl for use on long missions.

J. Reduce gize and weight of UDM.

k. Identify battery degassing screw on case.

1. Eliminate time to flight function.

8. Summary

_ The Divetronics Deco-Brain II is a fairly large, heavy, and bulky unit
which uses the manufacturer'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 IAW military specifications, the
commercial bid specifications are met, and the presentation of the information
is simplified IAW human factor and information processing guidelines. It is
strongly recommended that these criteria be met before approval is considered
fer U.S. Navy use.

M &
M. D. CURLEY
LCDR, MSC, USK
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tes s DECO-BRAIN 1}
instruction Manual

~ HIGH TECH BIVING 5
WORLD'S FIRST SOLID STATE DIVING COMBUTER

For Longer Safer Diving

FIGURE 2. Cover of accompanying instruction msnual for UDM.
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TIGURE 3.

Fy ¥

Back of UDM showing identifying numbers (A, B), battery degassing
screv (C), on-off switch (D), and use of slotted zcrews (E).
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APPERDIX J
YWARNING STATUS LIMITS AND ALGORITHM REVISIOR

The initial Warning Status Limits for the EL MK 15/16 RTA were based on
tha tissue tension of the 40 min. tissue. If it exceeded 77 FSW the maximum
depth/time domain houndary had been exceeded. The diver then had to
decompress to a depth shallower than 30 FSW aund wait until this tissue tension
fell below 48 FSW before descending. The 77 FSW "turn on" limit would have
linited 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 PO; in Ny testing (NEDU Report 11-80) which were felt to be
very safe. Test profile 4 included three successive dives to 120 FSW for 30
minutes with 30 minute intervals at 10 FSW between each dive. The original
Warning Status Limita would have restricted the subsequent times at 125 FSW to
22 minutes inatead of 30 minutes.

When the algorithm vas revised for Phase II testing (REDU Report 1-84) it
allowed some dives to be dove which had previously been unsafe. The 100 FSW
for 60 minute profile wvas decompression sickness (DCS) free in 10 man dives
vhare the shorter Phase I schedule produced one case of DCS in the same number
of man dives. During-testing of the Air/N;0, algorithm (NEDU Report 8-85) the
100/60 schedule was dove on a conatant 0.7 ATA PO, in N» on 27 men 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
increaseas to 75 minutes, and the maximum time allowed at 150 FSW increases the
35 minutes. However, during the Air/N;0, algorithm teating the 19 DCS free
dives were on a schedule aome 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/N,0,
algorithm testing there was one DCS in 10 man dives but the schedule was 15
minutes shorter than the VVAL 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 cvensions
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 prcfile in 10 man
dives while none occurred on the 100 FSW profile in the same number. Based on
these considerationa, the 30 minute increase in required surface interval
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vhick would have been required by requiring another 2 FSW of offgassing would
only serve to reduce the probadbility of DCS. 8So the Warning Status "Turn Off"
limit should remain at 48 F3V.

A reviased Varning status algorithm is found in Figure 1. The current
values for Pmax, Pmin, D1, and D2 are given. These values may change with
increased experience using the UDM.
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TABLE 1

Depth of Dive Maximum Bottom Times
(FSW) Pao = 77 FSW Pap = 87 FSW
150 25 35
140 30 40
. 139 35 AS
120 40 50
110 AS 60
. 100 55 75
90 70 100
80 100 220
70% 210
60*

* Dives shallower than 60 FSW will never result in the 40 minute
tissue tension exceeding 77 FSW and at 70 FSW the 40 minute
tiasue tension will not exceed 87 ¥SW.
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FIGURE 1

WARNING STATUS PROCEDURE

Two Womnings: ON OFF

SAD FL SAD display flashes SAD steady
red iight flashes

DEPTH FL Depth display flashes Depth steady
red light fiashes

Initiolization: both wamings off on initial turn on.
Procedure Execution: after all tissue updates and SAD computation concluded.
Porometers:

Pw - actual tissue tensior in specifisd tissue (currently 40 minute tissue)

Pmax — maximum tissue tension allowed in specified tissue (currently 87 FSW in
40 minute tissue)

Pmin — maximum tissue tension required in specified tissue (currently 48 FSW in
40 minute tissue)

D - actuol depth
Dy - maximum depth of model écurrently 150FS\§)
D =~ maximum shallow interval depth (currently 30 FSW)

>Dmaox YES
?
SAD FL=ON L
NO
5 J| DEPTH FL=ON
SAD FL=OFF / Drmox=D2 \
3 , !

[ Dmax=D1 No [[EPTH FL=OFF
\ 4————*—-

FINISH

NOTE: Red warning Iiiht should fiash if either SAD FL or DEPTH FL is on.
(See section on Combined Light Interaction Functioning in discussion section of

NEDU Report 10-86.)
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APPENDIX K
PROPOSED UDM COMPUTER INTERFACE SPECIFICATION

The experience of testing two prototype UDMs discussed in NEDU Report
:0-86 showed the necesaity of directly inputing display information into a
Lost computer. This would suffice for minimum maintenance requirementa but a
formal computer interface would be more desirable, Additionally, a method of
recording and outputing the depth tima profile would be useful. A prorosed
functional apecification for theses refinements is provided below.

Computer Interface

1. Plugs into UDM replacing battery and supplying power whiles maintaining
vatertight integrity to UDM maximum test depth.

2. Interfaces to hose computer through gtandard serial I/0 microcomputer
port (serial terminsl port, RS-232 or IEE 438).

3. All commands to and readouts from the UDM should be ASCII commands
axecutable through standard higher lavel language (FORTRAN, BASIC) 1/0
ansrructionl.

4, Interface should be compatible with current IBM compatible disc
qpcratin; systems for exacution on the wideat range of computers,

5. The following functions should be available for UDM diagnostic and
maintenance procedures.

Read Display: Transmita values of gl]l display readouts to host
computer. Numerical displays are transmitted as ASCII integers,
lights as logical values (1 = ON, O = OFF). Data is read one time

only.

Read Diasplay Continuous: Transmits values continuously in same format
aa above but a frequency of flashing warning indicators. This
would allow detection of flashing warning l'ghts or displays.

This mode is stopped by executing a read display 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.
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Bxzternal Depth: Disconnects depth regirter from UDM pressure
transducer and accepts a depth from the host computer using the
Send Depth command. The deptu register remains disconnected until
an Internal Depth command is issved. Thuas by executing a Set.
Depth, the host computer can send depth values to the UDM without
the need for pressurization, vhich would be ussful for diagnostic
purposes. [Lisconnscting the UDM from .he external interface
automatically reconnecta the UDM depth register to the UDM
presaure tranaducer output.

Send Depth: Transmits a depth value as on ASCII integer to the UDM.
Interface will only accept this data if an External Depth command
has been previouasly executed.

Internal Depth: Cause any further deptha to be input to the UDM depth
regiater from the UDM pressure transducer ou%put.

Start: Turns UDM on in same manner as if ON/OFF aswitch manually
turned on.

Stop: Turna UDM off in same mannasr as if O0'¢/OFF switch manually
turnad off.

Sleep: Halts algorithm after current completion cycle. All diaplays
remain intact and can be read. Algorithm remains in sleep state
umtil run issued.

Run: Starts algorithm again after having been temporarily halted by a
sleep command.

Profiles Recordinx

If thia provision is provided then what is recorded depends on the amount
of memory available. If sufficient memory is available then depth and water
temperature (°C) (if profile recording is implemented then a temperature
gsensor should be provided to record temperature to an accuracy of :1°C) should
be recorded every time the SAD is updated by the algoritim, 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 fec increments) 14 bits 0 -~ 18 hrs

Depth (FSW) 9 bits 0 - 512 FSW

Temp (°C) 5 bits =23°C - +40°C

Warning Status Light #1 2 bits on, off, flashing

Warning Status Light #2 2 bits on, off, flashing
K-2
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A more sfficient packing mechanism might be nossible but the minimum and
maximue values should be recained. The total number of records which would
need to be recorded would depend on the number of excursicns, The worst case
vould ba 4 FSW changes every 4 seconds and this would requirc 16,384 records.
However, it would pe h.ghly unlikelr that excursions would occur at that rate,
more Jiweily long periods of time would bLe spent at a constant wepth., If one
esgumes 32 excuralons from ¢ to 256 FSW during an 18 hour dive then each
excursicn would require .28 reccrds and 4,096 totul records would be needed to
record the profile. This is mure likely to be the worst case scenario so
storing 4,095 records should ba the initial goal.

If records are recorded this would need to be recorded in an ASCII file,
each record consisting of:

Time (sec), depth (FSW), temp °C, Warning stzrts #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 %o retain recorded
dive information during the time the main power supply is off while connecting
the computer interface. 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 memory values almost indefinitely, so.
Information for accident investigation would be avajlable even if the main
power supply became exhausted,

Provision siiould be made so that the stcred profile can only be eraced
after iv has been correctly read and verified, or by actuation cf a separate
reset switch accessible only by removal of some sort of protective device to
prevent inadvertent arasure of a recorded profile.




