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This manual when combined with the CO2x manual, iSec Intelligent
Secondary and the operations manual updates found in the Addendum of

this manual form the operations manual for the
Sentinel Expedition

This manual, specifications and features of the SENTINEL LSS are
proprietary and copyright VR Technology Ltd, 2008.

This document cannot be copied or distributed without the prior agreement
and authorization from VR Technology Ltd.

All information contained is subject to change. Contact  the manufacturer
for the latest information. www.technologyindepth.com

The SENTINEL LSS is manufactured in the UK by VR Technology Ltd.
Unit 12. Black Hill Rd West. Holton Heath Industrial Estate. Poole. Do rset

BH 16 6LU. Tel. +44 1202 624478.

EC Type approved by SGS UK Ltd. Weston -super-Mare. BS22 6WA.
Notified Body No. 0120.

Testing conducted by ANSTI Test Systems. Hants.

To ensure your user information is up to date. Please check
www.technologyindepth.com for updates to this manual .
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Using this manual
Quick references (Hyperlinks) to other areas of the electronic manual are
highlighted and underlined. Clicking on the link will jump to that reference.
To return to the original page use the back arrow ¯  this is often the left
green arrow in the top left of your screen in the third tool bar down.

Instructions which must be followed are
encapsulated in a warning box like this one.

Failure to adhere to them
may cause injury or death.

www.technologyindepth.com


Sentinel Manual V2.2g July 09.doc7

It is vital that correct, recognized training is undertaken prior to
using this equipment. Such agencies include IANTD, TDI and

others that have training available.

It is mandatory that all pre-dive checks are carried out prior to diving
to help prevent any of the above occurring.

Care should be taken with maintenance and suitab le open circuit
bailout carried at all times in line with your training agenciesÀ

requirements.

Warnings
All diving carries with it risk of injury or death.

LSSs in particular can produce a range of gas poisoning which at first  may
not be apparent and may lead to confusion, panic, unconsciousness and
death.

Hazards include but are not limited to;

Hyperoxia
Hypoxia
Hypercapnia
Airway and lung damage due to absorbent ingestion
Drowning

As diving is a dynamic event, pre -dive checks are only part of the vigilance
required to conduct a safe LSS dive. Control systems and displays should
be regularly monitored and skills practiced as per your relevant training
agency guidelines.

While many of the problems you may encounter with a  LSS are covered in
this manual, it is not definitive. It is important that you take time to review
this manual.

This product and any accessories are sold on the understanding that all
warranty and liability issues are only covered under English Law,
irrespective of where it was purchased or used.

Lubricants
While it is acceptable to use silicone grease on all the O rings within the
breathing loop and low pressure pipework, if for any reason a high pressure
part requires lubrication it must be done with high pressure oxygen
compatible grease.
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Rebreather Life-Support System (LSS) survival
Read and understand this prior to using this unit. If you do not
understand any or all of this section please contact your training
agency or VR Technology Ltd as appropriate.

Rules for LSS Diving

1. Always do all pre-dive checks.
2. Always pre-breathe the canister for at least five minutes .
3. Do not modify the LSS without the manufacturer`s written consent.
4. Do not use a full-face mask, which is not designed for a LSS.
5. Always know your PO2.
6. Never dive a unit you suspect is leaking.
7. Be especially diligent close to and on the surface where the PO 2 is

potentially lowest.
8. Never leave your mouthpiece open on the surface.
9. Never use a pure gas in the diluent cylin der. You should have a

breathable diluent available for the each section of the dive .
10.Take time to adjust your weight correctly, do not dive over -weighted.
11.Have two sources of buoyancy and buoyancy inflation.
12.Practice a skill on every dive.
13.Avoid unnecessary mask clearing.
14.Regularly disinfect the unit.
15.Never dive a re-packed canister.
16.Never hold your breath during an ascent
17.Do not dive with a low battery alarm.
18.Change all main electronic batteries at the same time.
19.Always carry bailout gases of sufficient v olume for the planned dive as

per your training agency recommendations.

If in doubt, bailout!!!
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Notes
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Sentinel Rebreather Maintenance Chart
Key
E Before every dive
A Annually
100 Every 100 hours of diving
C At Canister change
20 Every 20 hours of diving
Item Inspect/clean Replace/service Notes Inspection/service date
Mushroom valves E 100 or if damaged prior
CO2 seals C 100 or if damaged prior
Hose end O rings E 200 or if damaged prior
Mouthpiece O rings If pre-dive failed (leaks) 200 or if damaged prior
Canister O rings C 200 or if damaged prior
Flow cone and hose port O rings If pre-dive failed (leaks) 200 or if damaged prior
Adv diaphram A 200 or if damaged prior
Oxygen sensor connections 20 Clean with contact cleaner
Oxygen sensors 20 As required by system
Absorbent Canister mesh A If damaged
Counterlung 20 If damaged Water flush every 2 days.

Disinfect end of each trip or
sooner if required.

Hoses + mouthpiece assembly E See separate items on this
list

Fresh water flush daily.
Disinfect end of each trip or
sooner if required.

Hoses E 200 or if damaged prior
OPV Wash at end of trip If damaged. Factory replace Flush with fresh water. Replace

if not holding a negative.

Regulator first stages Wash at end of trip A or if damaged prior Flush with fresh water.
Regulator second stage Wash at end of trip A or if damaged prior Flush with fresh water.
Gas block button O rings A 100 or if damaged prior
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LSS Fundamentals

It has become increasing apparent in r ecent years that there is a lot of mis -
information with regard to the fundamental principles which govern safe
rebreather operations. This is partly due to a lack of precise information
from manufacturers and partly due to mis -use and abuse by divers in
general.

Fundamentals
In order to understand what makes a safe rebreather, firstly one must
understand the fundamental properties that govern a rebreather design.
This can be divided into 4 areas.

1. The resistive work of breathing (WOB) within the rebreather , otherwise
known as resistive effort

2. The hydrostatic WOB of the unit when submerged
3. The absorbent duration
4. The oxygen control dynamics

Looking at each in turn.

The Resistive Work of Breathing-Resistive Effort
This is purely a result of the gas flow restr ictions within the unit. In other
words how much the size of the pipes and orifices generate a resistance to
breathing. Such things as small mouthpiece mushroom valves, small
hoses, counter lungs with insufficient volume or room to expand and long
absorbent paths within a canister are common elements which go to make
up a resistive breathing circuit.

Resistive WOB is also a function of gas density and hence depth. The
deeper the dive and the higher the gas density , the greater the WOB.
WOB is also a function of ventilation or breathing rate. The more gas flow
(higher breathing rate) the more resistance is generated. A rebreather that
breaths ÉOK  ̀ on the surface may well not at 40m on an air diluent.
Counterlung position and shape also affect the peak press ures
experienced in a breathing circuit. This is why current European Standards
(EN) and military test standards insist on a resistive WOB measurement at
depth and with different ventilation rates and in at least two orientations
(swimming positions).

WOB is also subdivided into two areas of concern. The first is a short -term
effect (breath by breath) and the second , long term (over a dive). The
rebreathers pressure/volume (PV) diagram is normally like a sideways
ellipse, as you breathe out it starts from the bottom left and moves to the
top right. The reverse is true on inhale. If the ellipse is thin (narrow in the
middle) then the energy (joules/litre) consumed within the breathing cycle
may be small and the long term energy expended also small, however t he
higher the angle of the ellipse from the horizontal and there will be a
restrictive feeling at the end each breath. This can produce very laboured
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breathing and a poor short term Éfeel` to the rebreather. This is a function
of the unit`s design in a specific area.

The Hydrostatic WOB
This is the result of the resistive WOB and the effects of the position of the
counter lungs about the body when the rebreather and diver are
submerged in water. For example, a back mounted counter lung
rebreather may have a good resistive WOB but when in a horizontal (face
down) swimming position the distance, hence pressure difference between
the counter lungs and the lung centroid, may (when combined with the
resistive WOB) create an excessive pressure which the diver has to suck
against in order to take a breath. In this case the inhale pressure would be
excessive (because the diver is inhaling gas from a lower pressure) and
the exhale would be easy having breathed out into a lower pressure.

Chest mounted counter lungs have the reverse affect in the same swim
position.

It would seem that a perfect solution is an over-shoulder counter lung upon
which any hydrostatic effects have little result. However if a rebreather has
a poor resistive WOB anyway, the combination of thi s and any minimal
hydrostatic WOB can still mean the unit has a highly restive breathing
circuit and hence has a laboured breathing Éfeel`.

In summary a rebreathers WOB can only be quantified under a range of
hydrostatic (rotating) positions with addition al measurements at depth.
Furthermore, assessing a unit under a range of surface conditions at
undefined ventilation rates is inadequate as it is only under stressful
conditions (and normally at depth) that we generate high work -rates and
this is precisely when the rebreather needs to have a low WOB.

Absorbent duration
This is a greatly misunderstood area. Many manufacturers quote durations
based on simple surface trials which is insufficient and potential dangerous.
Absorbent life is primarily affected by the following;

1. Amount (Kg or Lbs) of material
2. Type of absorbent material, it`s granule size and shape (which in turn

affects the WOB) and it`s grade or usage type.
3. Water temperature
4. The absorbent canisters ability to insulate against the water

temperature
5. The amount of CO2 generated by the diver
6. The gas density/depth
7. The style and design of canister

The standard CE test for a canister is done at 40m with oxygen in nitrogen
gas mixtures and at 100m with a helium based gas as diluents, in 4
degrees centigrade water temperature at a CO 2 generation rate of 1.6
l/min and a ventilation rate of 40l/min. Some navies test canister at around
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18m and with as low as 0.5l/min CO 2 generation. The CO2 breakthrough
figure is referenced to 5mb (ref EN14143).

The range of depths, gas densities, CO2 rates and water temperatures
used in each case can, dependant on the canister design, give markedly
different durations. What is certain from the data available is that canister
durations measured at the surface are dangerously i naccurate for
predicting overall dive durations. It can be easily shown that for most axial
and even radial canisters the efficiency of the canister decreases
significantly with depth. One canister measured went from 77% efficient in
15m to 49% efficient in 40m. The 15m duration was 3 hours while the 40m
duration was 1 hour and 50 minutes.

The Ésaving grace` of currently available designs is that most people
cannot maintain rates of 1.6 l/min CO 2 or seldom dive in 4-degree water.
However data suggests that  as a method of specifying canister duration, a
single hourly rate independent of primarily depth and gas density, is
insufficient and a range of diving parameter curves may be better
employed to specify a unit`s duration. In other words in order to assess  a
rebreather`s suitability for one type of diving over another, it would seem
appropriate to test a unit at a range of depths with at least air and
trimix/heliox as gases. To provide a safety margin , water temperature and
CO2 generation rate should remain  constant.

Oxygen control system
This can be a mechanical or an electronically controlled device. Which
ever is chosen it is important that the control of the oxygen level is
maintained within certain limits. If decompression is to be conducted using
tables or a fixed PO2 dive computer, the limits must be accurately
maintained. Rapid excursions to and from depth must also not generate
excessively low or high PO 2`s. Ideally any such limits reached should
generate an alarm, as it cannot be relied upon that th e diver will notice
especially in a multi-tasking situation. Some rebreather designs, due to
high flow rates within the oxygen circuit, can generate massive PO 2 spikes
sufficient to cause convulsions in a short space of time if left unchecked,
this is an undesirable design feature should an addition valve fail. Within
the CE and most Navy tests is a PO 2 tracking control test as well as a n
upper and lower limit test after rapid depth changes. With units employing
a constant minimum feed of oxygen, which is s upplemented by the diver,
this minimum should not generate the upper or lower test limits specified.
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Myths
In addition to and as a result of the above there is the issue of Édiver
abuse`, in particular with canister duration rules. This mainly occurs
because of a lack of understanding and information. Common myths seem
to be;

1. ÉIf I use all my canister duration I can just scrape the top off the
absorbent and add a bit and get more time`.

2. ÉWhen I have used up all the time on the absorbent I can just dry it out
and use it again`.

3. ÉAs long as I fill a canister and seal it I can use the absorbent anytime
in the future`.

4. ÉIf I partly use a canister I can seal it and use the rest at anytime and
get the same duration`.

5. ÉIf I fully use a canister I can leave it 24 hours to recover and then get
more time`.

6. ÉI can use my canister at any depth and get the same duration`.
7. ÉI can use my rebreather with any gas and get the same duration`.
8. ÉI can use my canister in any water temperature and get the same

duration`.
9. ÉIf I run out of absorbent time underwater I will get a small headache

and have time to deal with it`.

All of these assumptions have problems in varying degrees of severity.
The bottom line is that while the sport of rebreather diving is increasing,
unless the education curve follows it, there will be more incidents, most of
them avoidable and some of them lethal.

Rebreather Testing
Rebreathers are life support equipment and as such should be tested and
manufactured to a standard. In Europe such a standard exists  (EN14143).
This standard details many tests from work of breathing (WOB), through
CO2 canister duration to user interaction and use.

When purchasing a rebreather it is wise to ask the manufacturer for any
test data or to which standard it has been teste d. A fundamental test is
WOB (see graph below). WOB tests the effort needed to breath from the
rebreather, it is a measure of the resistive breathing circuit i.e. the sum of
all the resistance to gas flow in the circuit.

The graph below shows the peak to peak pressure experienced by the
lungs (top of the loop to the bottom), th is is the short term Éfeel` of the
circuit. Small peaks and troughs at each end are the effect of the opening
of the mushroom valves. The area inside the loop is measured in
joules/litre and while having a short term effect , produces the longer term
feel of the system. i.e Just how exhausted you get after a period of use.

The lines at +/- 25mb are the limits at which the human body can easily
function for a period.
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This test is conducted at a range of flow rates, depths and gas densities.

Another important test is the CO2 canister duration. Two critical points are
highlighted 0.5% Kpa and 1% Kpa. This is equivalent to 5mb and 10mb of
CO2 at depth. 0.5% is seen as the time limit  to which the rebreather should
be specified. The 1% figure is seen as the safety limit and can range from
as little as 10 minutes past the 0.5% limit to over an hour dependant on
canister design.

As already mentioned this is massively affected by depth, cold, gas density
and CO2 generation rate.
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Again when purchasing a unit is it vital you understand the units tested
duration with all the mentioned variables.

CO2 Monitoring
At the date of press there are no reliable Éin -rebreather` CO2 detection
systems available. While thermal  monitoring has some limits, it s`
information can be mis-leading under certain circumstances and is not a
finite indication of breakthrough or time remaining.

Laboratory CO2 detection equipment relies on the fact th at CO2 (and other
gases) absorb a part of the infra red light spectrum. Filament bulbs,
detectors and filters are used to measure the amount of light absorbed and
hence the CO2 level. In rebreathers, several problems exist. The first is
that water vapour reacts in a similar spectrum to CO2. This can give very
false readings as the gas cannot be dried successfully. Also oxygen must
be considered, especially if the bulb breaks! Signal noise, power supplies
and a host of other problems make this the next challenge for reb reather
designers. Until then, be respectful of your canister and do not abuse
the time limits.

Some manufacturers realise that packing errors have been an issue with
absorbent and are designing pre -packed cartridge systems both in
granules and Ésolid` fill options.

In recent years there has arrived an alternative to granular fill absorbent
materials. Micropore in the USA have produced a material wrap based
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system which is basically impregnated with a version of the granular
material but comes as a solid  cartridge. This system offers the following
advantages;

1. No user error in packing
2. Reduced Work of Breathing over granules

The current trade off is cost and possibly a reduction in life over granules,
but this should change as more and more systems use it .

Summary
It is very simple to make a rebreather that Éworks`. It is not easy to make a
unit that performs. By that I mean that as the diver becomes more stressed,
the unit needs to have a performance level that aids rather than impedes
the divers` ability to survive. Just having a unit that Éfeels` OK on a dive
may not mean it performs well under stressful conditions. Poorly designed
breathing loops, untried canister designs and environmentally untested
sub-standard components are a recipe for disaster.

In summary, there are many elements to rebreather testing (not just WOB
or canister duration) that are critical to defining whether a unit is suitable
for the style of diving and the environmental challenges a user may but it
through.
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Bailout/cylinder Configurations
The following is offered as a guide when configuring the Sentinel for a
range of diving conditions. This should be used in conjunction with the
recommendations from your diver training agency.

Note: Never use the mouthpiece BOV in such a mann er as it is only
connected to a breathable source via the diluent gas block. The gas flow
through the gas block may be insufficient to operate a 2 nd stage regulator
at depth under certain conditions. The prime Ésanity breath` gas source
should be the in-board gas cylinder which must be breathable at depth  and
be of sufficient volume to allow time to switch to an off -board regulator..

Depth Deco On-board
Diluent

Off-board
diluent/bailout/deco gas

20m No 3l 300 bar air Dependant on gas
management calculations

>20m to
40m and/or
deco

Yes 3l 300 bar air Yes, Air/Nitrox.

60m Yes 2l 232 bar
trimix/heliox

Yes. Trimix and nitrox/air

100m Yes 2l 232 bar
trimix/heliox

Yes. Trimix and nitrox (s)

Never use the mouthpiece BOV in such a manner such that it
is only connected to a breathable source via the

diluent gas block
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Sentinel Rebreather Assembly and Check List

Introduction
Follow the procedure below (for a completely disassembled Sentinel) to
enable cleaning, rebuilding and testing of a Sentinel Rebreather.

General notes on assembly
1. All O rings should only be lightly greased
2. Inspect all O rings for cracks and other damage regula rly
3. Disinfect all breathing loop parts regularly having removed the oxygen

sensors (Note; VR Technology Ltd recommend and supply Virkon)

Mouthpiece-assembly
 Clean the mushroom valve carrier O ring and the groove around the

mushroom valve carrier. Lightly grease and refit the O ring.
 Inspect the mushroom valve and mushroom valve carrier  for damage.

Wash/disinfect and remove any debris from the carrier.
 Having cleaned and disinfected the mouthpiece outer; hold the

mouthpiece in your hand with the rubber mout h-bite towards you and
the second stage port facing down. Position the right hand side
mushroom valve carrier with the valve facing out (on exhale side the
mushroom valve has no tail) and the left hand side  valve carrier with
the valve facing into the mouthpiece (on the inhale side the mushroom
valve has a tail). Ensure the O rings around the mushroom valve
carriers have not extruded out of their grooves.

 Clean/disinfect and inspect the inner barrel and O rings for damage.
There are four O rings. Two side  port O rings and two end O rings.
Refit the O rings.

 Insert the inner barrel, twisting it slightly to ensure the side O rings do
not move out of their grooves.

 Replace the front cover and switch plate. Rotate the switch plate from
open to closed circuit several times to ensure correct action of the O
rings while looking into the second stage port to ensure the O rings
stay in their grooves.

 Clean, inspect and re-fit the four (two each side) hose end O rings to
the sides of the mouthpiece.

 Inspect and clean the rubber mouthpiece. Refit with a tight cable tie.
Remove sharp edges.

Mouthpiece-primary test
 In closed circuit mode. Block the right hand (exhale) side and blow (do

not apply excessive force) into the mouthpiece. The mushroom valve
should seal and no gas should exit out of the second stage port or the
front switch plate.

Faults;
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o Mushroom valve (left hand side) leak. Remove the carrier and
inspect again.

o Second stage port leak. Remove the inner barrel and
inspect/replace the side port O rings.

o Front switch plate leak. Remove the inner barrel and inspect
replace the two (larger) barrel end O rings

 In closed circuit mode. Block the left hand (inhale) side and suck into
the mouthpiece.

Faults;
o Mushroom valve (right hand side) leak. Remove the carrier an d

inspect again.
o Second stage port leak. Remove the inner barrel and

inspect/replace the side port O rings.
o Front switch plate leak. Remove the inner barrel and inspect

replace the two (larger) barrel end O rings
o Any other leak. Test (block both inhale an d exhale ports on the

mouthpiece and blow into the mouthpiece) and inspect the
rubber mouthpiece.

 Clean and inspect the second stage bailout out valve (BOV) as
required.

 Clean and refit the BOV adapter port O ring and groove.
 Refit the BOV adapter port and refit the wire locking spring.

Mouthpiece-secondary test
 In open circuit mode, with the second stage BOV attached. Block both

inhale and exhale mouthpiece ports and the LP inlet to the second
stage. Then suck from the mouthpiece.

Faults;
o If a leak is heard, inspect the BOV adapter port O ring, the

second stage silicone diaphragm, second stage valve bladder or
the second stage main body O ring. If a fault is found,
professional service of the second stage is recommended.

Hose assembly
 Clean, inspect the hose end O rings.

Hose assembly-testing
 Block one end of the hose and blow into the other. Look for leaks.

Repeat for the other hose.

Mouthpiece/hose-assembly
 Fit the hose with the red locking cover O rings to the left hand side

(inhale) side of the mouthpiece. Refit the white U clip.
 Repeat for the right hand side (green) hose.
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Mouthpiece/hose-assembly. Testing.
 In open-circuit mode. Immerse the mouthpiece. Block the exhale hose

end (green) and blow into the inhale hose end (red).
o If bubbles come out of the second stage mouthpiece. Inspect the

mouthpiece barrel side and end O rings.
o If bubbles are seen anywhere else, inspect the relevant O ring.

Oxygen sensor testing
 Clean the oxygen sensor Jack connectors with a soft cloth (look for

damage and corrosion). Refit the oxygen sensors. On the Secondary
PO2 display. Hold in both buttons or press top button followed by
holding in lower button to display the oxygen cell millivolts. Ensure the
sensors are fully exposed to ambient air . The cell millivolt readings
should be above 8 millivolts and below 13 millivolts.

o Replace the oxygen sensors if they are outside of this range.
o If the connectors are corroded, clean by immersing in white

vinegar or using an ultrasonic cleaning system.
 If the sensor millivolt readings are good. Calibrate the Secondary

display as per the instructions in the manual.
o Removing and refitting the oxygen sensors will

automatically calibrate the Primary display. Confirm the
readings are the same on the Primary and Secondary
display and match the PO2 of the current altitudes ambient
air reading.

Flow cone-assembly
  Inspect, clean (use warm soapy water) and refit the Flow cone triple

lipped CO2 seal.
 Ensure the seal fits right into the groove in the flow cone before re -

inserting the locking ring.
o To test the fit. Gently pull the seal to ensure it stays in place.

 Clean, inspect and refit the Flow cone neck (at the top) O ring.

Canister Head-assembly
 Clean, inspect and refit the main head O ring (where it connects to the

canister tube).
 Refit the Thermal Profile Monitor (TPM) link cable.

o Inspect the connector at both ends for corrosion. Clean as per
the oxygen sensor Jack plugs.

 Refit the flow cone, being careful not to cross-thread it, having
cleaned/inspected the body O ring of the ca nister exhale hose end port,
the connector where the right hand (green) hose end plugs into the
canister head (green push button).

 Clean and inspect the counterlung port O rings (2).

This is the most important seal in the system and
should be regularly cleaned and inspected. It is

vital in preventing CO2 bypass.
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Canister Tube-assembly
 Clean and disinfect the canister tube, paying spe cial attention to both

end O ring sealing faces.
 Refit to the Canister head.

Thermal Profile Monitor (TPM)-assembly
 Wash the TPM in warm soapy water to remove absorbent debris.

o Inspect and clean the TMP electrical connector. Clean as per
the oxygen sensor Jack plugs.

 Wash the spring carrier in warm soapy water to remove absorbent
debris.

 Refit the TMP to the spring carrier and refit the locking nut on the
underside.

 Inspect the white plastic spring tags (5) around the spring carrier for
damage. Replace as required.

o The length of an un-loaded spring carrier spring should be
approximately 40mm. If it is less than 35mm they need
replacing.

Absorber Carrier-assembly
 Disinfect as required.
 Wash the Absorbent carrier in warm soapy water to remove absorbent

debris.
 Inspect the carrier for damage especially around the top sealing face.
 Inspect the upper and lower steel mesh for damage. Replace as

required.
 Ensure the Absorbent carrier base plate moves freely in the absorbent

canister tube.
 Inspect the Absorbent carr ier top plate and ensure the spring lock

releases are working.
 Assemble the absorbent carrier onto the TPM and spring carrier.
 Fill with CO2 absorbent (as per the manual and label) and refit the

TPM top nut.

Canister Base-assembly
 Disinfect as required.
 Wash the Absorbent carrier in warm soapy water to remove absorbent

debris.
 Flush the Canister Base Over Pressure Valve (OPV) with fresh water.
 Clean, inspect and refit the base head O ring (where it connects to the

canister tube).

Complete Canister-assembly
 Having fitted the Canister Head to the Canister Tube. Load the Spring

Carrier and TPM into the Canister Base as per the manual.
 Connect the TPM link cable.
 Fit the Canister Base to the Canister Tube ensure that the upper and

lower locking pins are in the locked position.
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Warning
Risk of injury if this test is
not conducted correctly.

Warning
Hoses should not be repeatedly removed and refitted to the gas

block. The thread is plastic and may become damaged.

Counterlung-assembly
 Disinfect and inspect the counterlung.

Counterlung-testing
 Attach the exhale hose of the mouthpiece -hose assembly (Green end)

into the counterlung port.
 Fully inflate the counterlung to a maximum pressure of 100mb (until it is

Édrum` tight.
o Immerse and look for leaks.
o If leaks occur where the counterlung port is screwed into the

counterlung, simply tighten the fitting by hand. Being careful not
to damage the counterlung.

Gas Block-assembly
 Remove the gas block knob being careful not to loose the spring
 Remove the inner valve
 Clean and inspect the inner valve O rings. Refit in the same order .
 Refit the inner valve to the gas block by rotating the valve as it is

pushed in.
 Refit the spring and knob.

Gas Block-testing

 Secure the free ends of the left hand and right hand hoses so that
they cannot move. Ensure the Shut-off slider is closed. Slowly
apply a low pressure (max. 11bar) source to the middle LP hose of the
gas block.

 Immerse the Block and Shut-off in water and look for leaks. If Leaks
are noted isolate and bleed off pressure before continuing.

o If leaks appear around the Shut -off slider. Unscrew the slider
from the block.

o Unscrew the hose from the slider.
o Slide off the outer sleeve.
o Inspect and replace the O rings inside the outer sleeve.
o Make sure there is no damage to the inner tube.

 Push the gas addition knob and ensure gas exits the hose.
 Activate the Shut-off slider and ensure gas exits the hose.

o If no gas exits the hose, disassemble the Shut -off (as above)
and ensure the gas paths in the inner tube are not blocked.

 Inspect all hose end O rings and clean/replace as required.
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Warning
The first stage OPVÀs must remain fitted at all times. Do not

apply gas to the Sentinel without the OPVÀs fitted.

Regulators-assembly
 Connect all hoses as per the manual
 DO NOT apply excessive twists to the HP sensor cables . These

should be reassembled first prior to re -fitting the LP hoses.
o Inspect and replace HP O rings as required. Fully tighten the HP

sensor. DO NOT apply tightening forces to the plastic body.
Regulators-testing
 To test the regulator function. Fit a 0 to 15 bar (mi nimum) LP gauge to

one of the LP ports. With the regulator pressurised the pressure should
read between 10 and 11 bar. Leave pressurised and check in 15
minutes (with the Sentinel turned off ).

o If the pressure is higher than 10bar and climbing. There is a fault
in the first stage and it should be serviced professionally. If the
pressure exceeds 14 bar (approx), the first stage over pressure
valve (OPV) will vent.

o If the pressure is lower than 10 bar, it needs adjusting and it
should be done professionally.

o If the OPV is venting below 12bar it may need professional
adjustment.

Complete Sentinel-assembly
 Route the gas block hoses through the case. Fit to the regulators,

Automatic Diluent Valve (ADV), Oxygen solenoid and their bypass lines.
 Fit the counterlung and counterlung securing clip (see manual).
 Fit the Canister Assembly to the case and attach the securing bands.
 Fit the gas block LP hoses to the regulators, Automatic Diluent Valve

(ADV), Oxygen solenoid and their bypass lines. Use the colour
matching on the hose ends.

 Fit wing and harness.
 Analyse, label and fit the oxygen and Diluent cylinders.
 Fit the second stage BOV.

Complete Sentinel-Test
 Follow the on-screen pre-dive sequence

o If the unit fails the negative test and the fault is not easily
recognisable.

 Turn on all gases.
 Make sure the solenoid and ADV sliders are open
 Close the OPV
 Close the mouthpiece (open circuit mode).

o Fully immerse the unit (hoses, mouthpiece etc.) with the cover
removed and look for leaks.
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o If no leaks are visible but the OPV slowly vents gas then suspect
either the ADV or the solenoid.

 To test the ADV for leaks, close the gas block shutoff and
see if the OPV stops leaking. Service as required.

 To test the solenoid for leaks, close the gas block shutoff
and see if the OPV stops leaking. Service as required.

Finally, complete all on-screen pre-dive checks before
diving.
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Unit Layout

Protective
case

Oxygen
cylinder

Case latches

Rear facing HUD

Breathing hoses
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Canister Head
Rear HUD

Canister
Tube

Canister
Base

Diluent
cylinder

Oxygen
cylinder

Counterlung

Over Pressure
Valve

(under cap)
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Note: features are subject to change without notice.  *Option available 09
Key Sentinel Options List
Standard part Y
Optional part OPTION
Not available NA

Sentinel Expedition Sentinel

Features 100m Multiple gas trimix/air diluent 100m Multiple gas trimix/air diluent

2 L Oxygen cylinder Y Y
3 L Diluent cylinder OPTION OPTION
2 L diluent cylinder Y Y
Trimix decompression Y Y
Bailout Valve Mouthpiece Y Y
Bailout Valve shutoff Y OPTION
Hard Covers Y Y
Flight Case Y Y
User pack Granular canister Y Y
Pre-Packed solid canister system OPTION* OPTION*
Pre-pack granular canister OPTION* OPTION*
Canister monitoring Y Y
Back-mount counterlung Y Y
Over-shoulder counterlung/Travel Kit OPTION* OPTION*
Manual Diluent Addition Y Y
Manual Oxygen Addition Y Y
ADV Y Y
Bailout mouthpiece Y Y
Solenoid isolator Y Y
ADV isolator Y Y
Wing/ Harness Y Y
Primary display Y Y
Backup display Y Y
Colour screen Y Y
Intelligent Backup display Y OPTION*
Intelligent Backup Deco option OPTION OPTION
HUD Y Y
Rear HUD Y Y
Digital oxygen HP Y Y
Digital Diluent HP Y Y
Canister Duration meter Y Y
Wired recharger Y Y
Solar recharger OPTION* OPTION*
PC link PIN/Hardware Y OPTION
PC link software Y OPTION
Auto-breathe turn-on detection Y Y
VPM code Y OPTION
AUTO O2 calibration Y Y
Dynamic gas reserve alarm Y Y

Auto setpoint switching Y Y

Off-board gas kit (Dil & O2) OPTION OPTION

Gaseous CO2 sensor Y OPTION

Heavy duty backplate Y OPTION

Additional hose protectors Y OPTION
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Notes:
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                                                                 Sentinel Manual: March 200831

Mechanical Features
The Sentinel LSS is mechanically and electronically upgradeable.  Any
level of the unit is also re-configurable.

For a full range of standard configurations and options please see the
chart above.

Harness/BCD
Sentinel uses a custom bolt fitting, light-weight stainless steel backplate
and also has cam strap slots for any standard BCD. As per CE
requirements, the unit ships with a Wing style BCD which can also fit a
280mm (11ˇ) mounting and an adjustable harness.

Counterlung
The LSS comes complete with a single back -mounted counterlung (BCL).
This is attached via a quick-disconnect system to the canister hea d to
allow easy cleaning.

An option will be available in 2009 to remove the BCL and fit a single front -
mounted counterlung (FMCL) . This uses a different outer case, and can
employ a configuration with no casing at all, if required.

Cylinders
Sentinel is available with either 2 or 3liter diluent cylinders (see the chart
on the previous page for details). If the FMCL is used without the cases
then larger cylinders may be attached.

Outer Case
The outer case is made from high impact plastic.

Travel Mode
There are two levels of Travel Mode.

With the existing cases, the cylinders can be removed and the extendable
base foot slides up into the case to reduce the shipping length of the case.
This foot can also be moved to suit body length or different cylinder
configurations.

The canister assembly can also be removed completely and (on some
airlines) carried as hand luggage.

When the FMCL is available it will be possible to remove the outer cases
completely and attach the cylinders to the frame via quick release clamps.
In this mode the unit has the smallest/lightest shipping profile.

Over-pressure Valve
Sentinel uses a combined water release and balanced over-pressure
release valve. The balanced valve ensure s that (when the release
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Warning

If an in-line shut-off is used in the LP feed to the BOV this
should be open at all times especially on descent. Opening the

shut-off in-water after a closed valve decent may cause an
excessive flow of gas and may damage the second stage

diaphragm.

pressure is set on the surface), the underwater release pressure is near -
constant in any orientation. When the unit vents it also removes any water
from the system. This function  can also be performed manually by over
inflating the system.

Bail-out Valve (BOV)
All levels of Sentinel come with a Bail-out Valve (BOV). The BOV can be
removed and blanked in which case a separate bailout regulator on a
neck-tie should be worn. The BOV attaches to the in-board diluent circuit.
The BOV is designed as the primary bail -out (providing a
sufficient/planned volume is carried) and as the Ésanity breath` valve at all
other times. A switch to off-board open circuit gas should then be
performed as soon as possible.

Backup PO2 Display
All versions have a Backup PO2 display. The display has its  own power
source and is separated from the main electronics. The calibration
potentiometers are positioned on the electronics compartment cap on the
canister head and are water sealed adjusters ( there is no need to remove
the cap).

Intelligent Backup Display
An optional Intelligent Backup Display will be available in 2009. This unit
can be configured as an independent decompression computer as well as
a backup PO2 display and data logger. Calibration of this display is no
longer requires potentiometers and is achieved manually on screen. This
system is standard on the Sentinel Expedition. For updated information
please see www.technologyindepth.com.

CO2 Filter Systems
The Sentinel series comes complete with t wo CO2 filter options;

1. User-packed granules using 797 grade absorbent.
2. Extendair absorbent cartridge system  (available 09).

All three CO2 filter systems will interface with
the Canister Duration Monitoring system.

www.technologyindepth.com
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Basic Disassembly
The unit comes in nine basic sections;

1. The Outer case
2. The Canister
3. The Counterlung
4. The Electronics
5. The Pressure Pipework
6. Flow cone and oxygen sensors
7. The Hoses and Mouthpiece
8. Gas blocks
9. Over-pressure valve

The Outer case
The outer case is manufactured from high impact plastic; the choice of this
material ensures a lightweight and strong shell to protect the internals of
the LSS. The top cover is held in place by four catches.
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The Canister holder

The canister holder consists of 3 housings, the electronics head that holds
the oxygen sensors, electronics and the battery compartment, the middle
housing (tube) that holds the canister and the canister base that includes
the filter carrier, canister spring system, Canister Duration Meter (CDM)
and Over Pressure Valve (OPV) / water dump.

The electronics head and canister base attach to the centre housing by —
turn lock system secured by a spring loaded securing pin at each end.

OPV
Cover
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When refitting, ensure the counterlung is not trapped under the
canister head and has full, free movement

The Counter lung
The counter lung is attached to the head of the unit via a quick disconnect
connector (QD) and secondary security catch. To remove the counter lung
undo the rubber catch, depress the spring loaded release button and pull
the counterlung out by the fitting. .

Before refit the counterlung you should have checked and cleaned the O
rings as required.

Counter lung Testing
To test the counterlung, remove it from the unit. Plug the exhale hose into
the counterlung and inflate it via the mouthpiece. Immerse the unit and
look for leaks.

Release
button
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The Canister (Electronics) Head
The electronics head holds the oxygen sensors (3), flow cone and battery
compartment. The ADV and oxygen solenoid housing are also mounted on
either side of the canister head along with the quick disconnects for low -
pressure oxygen and diluent.

Note: Standard Sentinel before Isec shown.

ADV quick
disconnect
coupling

ADV housing

Oxygen solenoid
quick disconnect
coupling

Oxygen bypass
Quick disconnect
coupling

Solenoid
housing

Battery
compartment

Battery recharge
and download port.
Always fit the cap
when diving.

Secondary display
adjustment screws

Dil bypass
disconnect
coupling
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If a problem occurs with the electronics, simply remove and pack
the complete canister head assemble (remove the flow cone if

required) and send it back to the factory. Be careful when
removing/refitting stainless steel pipe work and any fittings that

screw into plastic. Do not over tighten the fittings.

It is vital that the seal is kept clean and greased. It
should be inspected after every canister change.

The seal should be replaced yearly or every 100 hours
which ever is the sooner or if any damage is suspected.

Pressure pipe work
The pressure pipe work is a mixture of low pressure stainless steel and
flexible low pressure hose fitted with quick disconnect (SCUBA) couplings.

Flow Cone and Oxygen Sensors
The flow cone fits into the canister head and incorporates the primary CO2
seal for the absorbent canister.

Disassembly/Assembly
To remove the flow cone, first remove the canister head from the tube
(having disconnected any hoses). Now unscrew the flow cone (counter-
clockwise) making sure that the exhale breathing hose port remains in
place (it is secured by 2 pins that stop it rotating).

The oxygen sensors are now exposed and can be replaced/checked.

The CO2 seal can be removed from the flow cone by using a small blunt
instrument (and locating the release tab around the base of the cone),
prise the locking ring out. The seal can then be removed. The sealing
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groove and seal should be inspected, cleaned and re -greased for
assembly.

To fit the seal, ensure it is seated in its` groove, then refit the lock ring.
Making sure the seal and ring are pushed fully into the locking
groove.

Assemble the unit in reverse. The flow cone may have to be pushed in
slightly for the radial O ring to enter the canister head. Ensure the exha le
breathing hose port stays in place prior to screwing in the flow cone.
Damage will result if the unit is cross -threaded. Do not over tighten
the flow cone.
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Mouthpiece and hoses
The Sentinel LSS is fitted with an integrated bailout valve ( BOV) this
allows the user to quickly switch from closed circuit to open circuit b y
rotating the selector switch clockwise.

The breathing hose ends are fitted with a bayonet type connect /
disconnect which is inserted into the head of the unit an d secured by a
locking spring and a — turn locking ring as a secondary lock.

At the mouthpiece end, the hose ends are held in place by a plastic U clip.
The hose end can be rotated for adjustment.

Bailout valve
(BOV)

Selector switch

Bayonet
connector and —
turn lock ring
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To disassemble the mouth piece for  cleaning.
 First remove the U clips at either side of the mouthpiece.
 Next pull off the hose ends.
 Remove the single screw keeping the switch plate on and pull off the

plate.
 Unscrew the front cover.
 Pull out the inner barrel exposing the 4 O rings. Clea n and re-grease the

O rings. Clean the mouthpiece outer and re -grease the 4 side port (hose
end fitting) O rings.

 To remove the mushroom valve carriers, use a blunt instrument or your
finger to carefully push on the EDGE of the valve carrier. DO NOT PUSH
IN THE CENTRE as it will damage the carrier.

 If the valves are distorted or damaged they MUST be replaced.
 Reassemble the mouthpiece in reverse. Making sure that when you

insert the inner barrel the side port O rings do not extrude.  Rotate
the barrel, watching the O rings, to ensure itsÀ operation.

If when pressure testing small leaks are apparent,
apply silicone grease to the inner barrel O rings.

Mushroom valves must be tested prior to every dive and after
reassembly. With the mouthpiece in your mouth the gas flow is from left to
right. Suck in and the left hand valve opens, blow and the right hand valve

opens. Do not position the valves in any other direction.
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Gas Blocks
The gas blocks require little maintenance. If you feel that the gas block is
bypassing into the unit then remove the feed from the block to the manual
bypass of either oxygen or diluent and immerse the hose end in water
having opened the cylinder valve. If bubbles appear then you will need to
clean/replace the inner valve O rings.

Disassembly/Assembly
Unscrew the knob, being careful not to loose the spring behind the knob.
Push the inner valve out. There are two different types of O ring which
must be replaced in the correct order . Remove the O rings, inspect for
damage and replace as required. Re-grease and reassemble in reverse.

If a hose or fitting into the gas block is suspected of leaking, turn on the
cylinder valve and immerse the whole block. Replace hoses/O rings as
required.

Over Pressure Valve/Water Removal Valve
The Over Pressure Valve (OPV) is located at the base of the unit. To
access it,disconnect the balance tube and turn the cover anti -clockwise.

Now you can adjust the OPV. It can be set on the surface and will operate
when underwater at a very similar releas e pressure. To set it, simply
exhale into the breathing loop until you feel it vent. Adjust it to suit.

If during an ascent you have set the valve too tight ly then simply
exhale through your nose to vent the rebreather.  Adjust the valve again
once on the surface.

To clean the valve, simply run fresh water through it.

Shut-off
valve
(level 2/3)

Spring
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Note
All hose and counter-lung fittings use dual radial O-rings. It is not
necessary to over-tighten the fittings. Over-tightening the fittings

may result in damage.

Although this rebreather is fully tested at the factory it is i mportant to check
for transport damage before conducting the pre-dive checks

and undertaking any diving

Post shipping set-up
Your LSS will come shipped in a fully assembled state with the exception
of the hose and mouthpiece assembly, which will be in a separate bag.
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The following is a checklist of items which may require attention and the
relevant action.

Item Action
Leak test all LP and
HP lines

Immerse and
pressurise

BCD Immersion test in
water inflated

Breathing Circuit Clean the breathing
circuit before use

Harness Check it is secured
to the unit

Breathing Circuit Check for leaks

Finding leaks
Leaks may occur for several reasons, the failure of a part, mis -placed parts,
transit damage or the ingress of dust and dirt.

Although the LSS is highly tolerant of water ingress due to its ab ility to
remove moisture from the breathing circuit whilst diving, you should never
dive with known leaks in the system . If you suspect a leak, fix it first.

Individual components should be tested in the following sequence.

As in the pre-dive test sequence the primary test to define loop integrity is
a negative pressure test. This is because the positive over-pressure valve
in the base of the canister, will vent during a positive test even if fully
screwed in. A negative test will seal this valve, whereas a positive test will
only inflate the counter-lung until the valve vents, and hence loop integrity
is difficult to assess.

Negative tests
To perform the negative test, evacuate the loop. Open the mouthpiece
straightaway and listen for the Ésuck` noise. Evacuate the loop again,
taking note of the compressed state of the counter -lung and hoses. Leave
the unit for 5 minutes then look at the counter -lung and hoses and make
sure they are in the same state as before.  In addition, open the loop again
and you should hear the same level of noise.

Positive Tests
In extreme circumstances where a negative test cannot locate a leak,
positive test may be required. To do this remove the OPV balance tube
and block the hole in the fitting at the side of the OPV cover. The unit can
now be inflated and immersed to find any leak.

You should never dive with known leaks in the system. If
you suspect a leak, fix it first.
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Immersion tests
If you suspect a leak, start by immersing the complete unit with the loop
full of gas. A small amount of gas venting will occur from t he over pressure
valve. This will stop after a short while and allow you to look for any leaks
in the remaining system. Make sure you also immerse the manual
bypass gas blocks and the mouthpiece (closed).

If a leak is not readily apparent, start by testin g individual components.

1. Mouthpiece and hoses
a. Remove the assembled mouthpiece and hoses from the LSS.

Immerse the mouthpiece and attached hose ends, blow into the
inhale hose end while blocking the exhale hose end with the
mouthpiece closed. Immerse the m outhpiece. Look for leaks.

2. The counter-lung
a. The counter-lung is fully encased and protected. However, in the

unlikely event of a counter-lung becoming damaged with use it
should be replaced.

3. The low pressure (LP) pipe work
a. With the counter-lung and hoses fully assembled again, attach

the cylinders and pressurise the system. Immerse the complete
unit and use the manual bypass buttons to fill the counter -lung.
Look for leaks. Press both the oxygen and diluent bypass
buttons while performing this test.

Adjusting the stainless steel LP fittings
If a leak is apparent at one of the end
fittings on any of the stainless pipe work
then it can be easily adjusted using a
spanner/wrench. Depressurise the
system, ensure you hold the fitting with a
spanner/wrench and t ighten the leaking
nut with another spanner/wrench Start by
tightening the nut the equivalent of one
hour on a clock face (from one o`clock to
2 o`clock). Re-pressurize the system and check again as above.

The system is designed so that even with a loose fitting, the pipe will not
come out of the fitting, though a leak may occur.

Weighting
As the counter-lung inflates the diver may experience movement in the
LSS. This is minimised by tightening the harness or adding harness
weights and running the unit with minimum loop volume.
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It is important to perform weight checks in con fined shallow water with
minimum levels of bailout gas prior to any open water diving.

It is vital that a breathable open circuit bailout is carried at all
times for all depths of the dive.

If the LSS is allowed to move on the divers back, a change in breathing
resistance may be noted. With back, mounted units it is important that the
counter-lung is as close to the divers back as possible.

The LSS has a weight pocket  for a trimming weights mounted on the case.

Dependant on your physical size and diving suit/underwear configuration
the LSS should need little or no additional weight.

Harness Positioning
When adjusting the harness try and imagine that the centre of the  counter-
lungs should be within +/- 100mm of the tip of your sternum to give an
optimum breathing performance. While the harness must be comfortable it
should not be loose. The harness will sit differently on land compared to
when you are in the water.

Bailout cylinders and off-board gas
While the exact gas requirements for any type of diving are a matter of
personal choice based on your LSS certification and training agency, it is
vital that a breathable open circuit bailout is carried at all times for all
depths of the dive.

Due to the incipient nature of LSS problems, it is recommended that an
additional bailout cylinder/regulator is carried for deep/long duration dives
outside of the duration of the on -board diluent cylinder. For deep/long
duration dives the on-board gas supply should only be treated as a
˘sanity breatheÀ system, used for short periods until the off -board
bailout gas can be accessed.

Bailout gas volumes should be calculated based on the depth of the dive
and the ascent gas requirements . Cylinders can be positioned on D ring
attachment points on the harness.

Counter-lung volume
The volume of gas in the counter -lung will affect the Ébreathing feel` of the
unit. Too little gas will make inhaling difficult and too much will make
exhaling difficult. All LSSs have optimal positions in the water where they
have a better or worse breathing feel due the hydrostatic effects of the
counterlung position and the breathable volume within the counter -lungs.

It is important to balance the volume in t he breathing loop so that
excessive inhale or exhale pressure is not experienced.
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If you suspect that the cylinders have become contaminated with salt or
water (especially the oxygen one) then you must get the cylinders

inspected and cleaned as appropriate.

High pressure gas cylinders (especially oxygen ones) must have their
cylinder valves opened slowly to avoid risk of injury.

Excessive pressure will also mean gas is possibly vented during the
exhaled breath. This will result in a drop in oxygen levels and gas wastage.

The LSS has an automatic di luent addition valve (ADV), which
compensates for loss of gas volume.  To get an indication of the ideal loop
volume you will be instructed to understand and maintain the optimum  loop
volume.

Pre-dive set-up
Having assembled and tested the unit upon receip t, it is important that all
pre-dive tests are conducted prior to diving.

While the LSS has a set of pre-dive checks built into the electronics which
prompt the diver to test certain aspects of the unit prior to diving, there are
several manual tasks which should be completed prior to this final system
check. These are:

Filling the gas supply cylinders
The oxygen and diluent cylinder valves are coded (oxygen has a g reen
band). The maximum fill pressure of the 2l cylinders is 232 Bar and 300
bar for the 3l diluent and should be filled by a qualified technician. Install
the oxygen cylinder into the right hand plate and tighten the cam bands.
Now install the regulator DIN connection. Repeat for the diluent cylinder.

Gas endurance
Gas endurance is defined by the Oxygen supply cylinder .
With the cylinder pressurised to 232 bar and assuming a usable gas
pressure of the working pressure (232 bar) minus the regulator interstage
pressure of 11 bar this equates to 221 bar available.

Assuming a CO2 generation of 1.6l/min hence an oxygen consumption of
1.77l/min. The set will last a maximum of:

221 bar x 2L (supply cylinder WC) =  442 litres available.

@ 1.77l/m consumption the set will last:

442 divided by 1.77l/min equals 249.7 minutes or 4 hours and 9 minutes .
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These tests were conducted using Sofnolime 797 gra de and
durations can only be duplicated using this grade.

If you use the colour-changing version of this absorbent, do not
rely in the colour indicator being a measure of use.

This duration is also dependent on how much loop venting occurs and is
based on an excessive work rate.

As both the oxygen and diluent supply can be supplemented with
additional gas via the Gas Block , the set duration can be easily increased
or added to should excessive use of diluent or oxygen occur.

Filling the absorbent canister
The unit has been tested under CE requirements for CO 2 absorbent
canister duration. The weight of absorbent in the Canister is
approximately 2.2kg.

Canister Duration
At 40m of depth, with air as a diluent at 4 degrees centigrade water
temperature with a CO2 injection rate of 1.6l/minute and a ventilation
(breathing rate) of 40l/min and a 2.2kg absorbent load of Sofnolime 797,
the unit will last 180 minutes at 40m. At 100m with Heliox the duration is
160 minutes.

Tests conclude that depth and hence gas density; temperature and CO 2
generation all massively affect absorbent duration. The SENTINEL LSS
employs a highly efficient axial canister design which not only gives greatly
extended durations when compared to axial designs employing a similar
absorbent load, but it is less affected by the commonly experienced high
loss of efficiency associated with increased depth.

This is obviously an extreme test and axial canister design s, which use a
comparable load of absorbent, have been found in trials to be generally
20% less efficient.

Safety data on Sofnolime products can be found at:
http://www.molecularproducts.co.uk/v2/products/sofnolime/sofnolime.pdf

In 2009, alternative CO2 filter mediums are planned to integrate with the
Sentinel. These will include the Extendair cartridge from Micropore.

Date will be issued to all users as and when they become available.

http://www.molecularproducts.co.uk/v2/products/sofnolime/sofnolime.pdf
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Filling steps
1. Remove canister from lower canister base remembering to unplug the

CDM Fischer plug.

1. Remove the top nut and canister  lid and inspect for damage. The lid
unclips by twisting — turn.

Remove any excess Sofnolime stains from the canister components with
warm, soapy water and then rinse in fresh wat er. Allow to dry.
2. Fill the canister in a well -ventilated environment. Raise the Sofnolime

barrel at least 200mm above the canister to allow dust to blow away as
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This is the primary CO2 seal and it is vital this seal is in
good condition. Diving with a damaged seal may be fatal.

DO NOT DIVE THE UNIT WITH INCORRECTLY
ASSEMBLED OR DAMAGED VALVES

you fill. Fill to the top of the canister, making sure Sofnolime is at an
even depth across the canister.

3. Pack the Sofnolime by tapping the sides for at least 1 minute .
4. Fill to top again.
5. Lift the outside tube by approximately 20mm to allow the base to drop

and the Sofnolime level to fall inside the tube again .
6. Refill with Sofnolime to the top. Tap down as required until you can fit

the lid. Refit the lid.
7. Screw down the top nut.
8. Wipe any dust from the canister.
9. Look up into the canister head and inspect the flow cone seal. Clean

and re-grease as required. This is the primary CO2 seal and it is
vital that this seal is in good condition. Diving with a damaged
seal may be fatal.

10. Insert the filled canister into the canister base making sure the five clips
are engaged.

11.Plug the CDM cable into the mating connector.
12.Refit the canister base into the rebreather. The five clips will

automatically disengage and load the canister into the seal.
13.Dispose of old absorbent in the normal household waste. Do not leave

it lying around for animals to ingest.

Filling instructions are also found on the side
of the canister tube.

Checking/Assembling the Mouthpiece
The mouthpiece has 2 mushroom check valves. When assembled into the
rebreather. With hoses attached, clean gas comes over the divers left
shoulder, through the left hand check valve (in and out of the diver`s lungs)
and out to the right hand hose. It is vital that the mushroom valves are
assembled correctly from a flow standpoint as detailed above. The hose
ends are removed from the mouthpiece by removing the U clips and
pulling the ends off. Once the hose ends are removed the (red) mushroom
valves can be seen. By blowing into the left hand side of the mouthpiece ,
gas should pass the valve, when sucking gently no gas should pass. The
reverse is true of the right hand valve, blow and no g as should pass and
suck, gas will pass. If this is not true the valves have been assembled
incorrectly. DO NOT DIVE THE UNIT WITH INCORRECTLY
ASSEMBLED OR DAMAGED VALVES.
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Battery type and charging
The Sentinel uses Lithium Polymer batteries. These rechargeable batteries
are very efficient and provide many years of reliable operation.

Rechargeable Lithium batteries can be recharged at any time and do not
have a significant memory affect, which would otherwise cause unreliable
battery operation. The batteries are UL listed an d are double sealed to
reduce the chance of leakage to a minimum.

As extra confidence, the battery pack includes 3 separate batteries to
achieve operation even under multiple battery failure scenarios.

The battery reserve alarm will indicate as the unit switches to the 3rd

battery giving 1/3rd battery life remaining.

Two of the batteries can be considered as main batteries. These are the
first to be used during normal operation. When these two batteries become
low, the third back up battery starts to be used. Failure of any battery will
not affect the operation of the others.

The Backup PO2 display has an i ndependent rechargeable battery which
is charged as the main unit charges.

The Backup PO2 display battery will display a battery alarm when it is
charging or if the battery is low.

The user should keep the batteries recharged and topped up to ensure
there is always maximum capacity for any dive.

There are two battery pack options with approximate operation hours:
 Expedition pack ¯  total 60 hours nominal with light on

The table below gives battery information on charging and use for both
types of pack:

Function Expedition pack Comment
Wired charger 6 hours 1 hour of charge

gives 10 hours of
Light on use

Wireless
magnetic charger
(Autumn 08)

24 hours 1 hour of charge
gives 4 hours of
Light on use

Function Expedition pack Comment
Timed light mode 160 hours Occasional light

on
Light On mode 60 hours Light always on

It is advised to use the wired charger to quickly recharge a completely
empty set of batteries, or to charge the LSS for the first time. Always dry
the connector before unplugging the cover.
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Check that all parts of the charger are kept dry and only used indoors.

When the batteries are reasonably full, keep them topped up using the
mains charger. A 12volt charger system is available to facilitate charging
from a car or boat 12volt system. Do not use on 24volt or other voltage
systems!

Battery level alarms will come on when the main set of batteries get low.
When a battery low alarm comes on, the light mode will be forced to a
timed mode to conserve battery life.

For all units, the main dry screen displays a battery meter bar graph on the
far right of the display. A full bar of green indicates full batteries. When
charging, the bar goes yellow in colour.

A red bar indicates the batteries need to be charged immediately.

There will be a range of charger power source options available and will
include;

1. 240v to 100v AC
2. 12v DC
3. Solar powered emergency pack (charging an emergency pack which

can then be used to charge the main pack)
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Check-And-Dive ‚  Integrated Life Support
The Sentinel Life-Support System (LSS) is designed around a breathing
loop, high pressure gas sources and electronics control system - all highly
integrated to give an intelligent but simple display of status to the diver
while providing life-support.

This gives the user a simple Check-and-Dive functionality that makes the
Sentinel the easiest LSS to prepare for diving, while ensuring system
integrity and improving safety.

It uses intelligent monitoring and design experience to determine the
appropriate tests and checks that the diver needs to perform to get the
LSS ready for use.

Any problems are described clearly on the Main screen, Status and
Summary screens. All of this combines to make a unique LS S.

The integrated system design means that failures or problems with any
part of the system are advised to the diver, either in pre -dive checks and
procedures, or as data values or graphics. There is significant backgroun d
analysis that produces a warning system sensitive to changes in expected
levels, but intelligent enough to not confuse and over load the diver with
information and situations that may be routine during a dive. These
electronic alarms combined with varyin g levels of mechanical user controls
ensure the LLS is maintained.

Examples:
 PPO2 changes that may normally cause PPO2 alarms to be triggered

are inhibited if they are of the correct characteristic expected during a
descent or setpoint change.

 There is a significant amount of mechanical design required to achieve
a moisture tolerant breathing loop that reduces distortion of the
readings from the PPO2 cells to a minimum. The reliability of the PPO2
readings is further improved by employing a voting algorit hm for the
PPO2 cells that can ignore data from rogue cells.

The Sentinel design is simple to use, but this simplicity does not mean that
the system is simple or stupid in terms of data processing or control
analysis. The Sentinel includes many levels of warning and system
analysis, simplified through experience and intelligence to provide a
straight forward human interface that does not routinely overload or annoy
with status or false warnings.

It takes considerable system intelligence and experience to  ensure the
warnings do not overload or falsely advise the user of problems. If falsely
warned too many times, then there is a reduced likelihood of the diver
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responding correctly to a truly dangerous and potentially life -threatening
situation.

Mechanically it is vital that simple mechanical tasks required to set up the
LSS are not ambiguous and prone to user error.

The Heads Up Display (HUD) is an ergonomic addition for the diver, as it
gives a simplified and quick to follow view of the status of the LS S. The
HUD as 3 main warning levels:

 Flashing Red -  warning is activated when a dive should be aborted on
open circuit or not started.

o If diving, the diver should switch to the bailout gas.
o The HUD vibration alarm will vibrate every ˙ second  for 10

seconds, then repeat the 10 second alarm every minute.
 Flashing Green and Blue LEDs - warning is activated when a

manageable error situation is in place. The correct response is to
ascend slowly on closed circuit monitoring the Primary display.

 Solid Green -  means there are no detected problems

The LED states are configured for colour blind as well as highly stressed
divers. The position of the LEDs, the flashing or solid state , provide
conditions that can not be confused with one another. Also, during
stressful dive scenarios, the position and status is quick to comprehend
and therefore intuitively the desired response is performed.

The white LED indicates decompression status:
 White LED off = no decompression
 White LED flashing slowly = decompression requ ired, currently deeper

than deco ceiling
 White LED solid = at decompression stop
 White LED flashing fast = shallower than decompression ceiling
 White LED flashing fast = Ascent rate greater than 10m/min

If the HUD is set to PO2 mode then the green light a lso informs the user of the
state of the PO2 in the unit;

 Green LED solid = within +/- 0.1 bar of setpoint
 Green LED slow flash = PO2 above 0.4 but below 0.1 below setpoint
 Green LED fast flash = PO2 greater than 0.1 above setpoint but less

than 1.6 PO2

Note: A Red LED will display below 0.4 and above 1.6 PO 2.

If the user has bailed out to open circuit, and has turned the LSS to open
circuit mode, the RED led will stop flashing and stay on solid.
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Pre-Dive Checks
With current technology, not all aspect s of the safety and working nature of
a LSS system can be performed or determined automatically. Therefore,
when turning on the Sentinel, there are a series of pre -dive checks that
must be performed. The Sentinel also gives guidance in performing these
checks. These checks are displayed in sequence on the Sentinel main
display unit. Some of these checks rely completely on the diver to perform
them correctly ¯  eg check breathing loop for leaks. Other tests can be
more positively tested for by the electronics  control system and the user
needs to confirm that these are OK to dive with ¯  eg that the high pressure
cylinders are adequately filled.

These tests are designed to:
1. Check that all functions of the LSS have a high likelihood of operating

correctly
2. Detect assembly errors
3. Detect breathing loop errors
4. Advise the user of system measurements that are outside correct

operating parameters. These include:
a. High Pressure readings too low
b. High Pressure readings dropping too quickly ¯  possible leaks
c. Battery Levels
d. PPO2 partial pressure of oxygen in the breathing loop
e. Calibration of PPO2 cells performed correctly

5. Ensure the CO2 absorbent functioning correctly , and the filter is
inserted correctly

6. Reduce redundant tests so that users are not inclined to skip tests that
have been performed correctly , sufficiently recently

During the Pre-Dive checks, a short press of both buttons will bring up a
simple alarms status screen so that the user can determine at a glance the
status of the system while doing a check.

This can be useful to determine why a check is not working correctly.

Decompression and Fly time are available from the options menu.
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It is important to keep the filter assembly clean and
free of dust and lubricated .

With these aspects in mind, there are 3 levels of Pre -Dive checks:

Full system check with oxygen sensor calibration
These tests are performed:
1. Manually chosen by the diver from the Setup screen OR
2. An oxygen sensor has been detected as changed or refitted .

Full system check without calibration
These tests are performed > 18hours since the last full Pre-Dive tests, or
if the last Pre-Dive tests were not completed correctly.
All the tests are important. However, due to the nature of LSSs, the most
important test is the Pre-breathe as this helps ensure that there is no
breakthrough in the CO2 absorbent filter  and that key functions are
operating (solenoid etc,) . CO2 breakthrough causes a toxic gas in the
breathing loop to gradually build -up. This build-up may not be detectable
by the diver, who will eventually just pass out from breathing an elevated
CO2 level.
Leak tests of the breathing loop and high pressure systems must also be
performed diligently to ensure the apparatus will function correctly when
diving.
HP, PPO2 (and sensor condition) and battery levels are monitored by the
system. The readings from these systems a re displayed during the pre-
dive checks.
The Head Up Display and the Main display are able to advise the user of
any readings considered outside safe conditions .
If you are not happy with any of these readings always check the
problem and do not dive the LSS.

Reduced Pre-Dive checks
These tests are performed if the unit has switched off then turned back on
again and it is less than 60 minutes since the last full pre -dive checks.
These tests are reduced to limit the annoyance of performing the same
tests over again and reduce Éalarm blindness` where users simply skip
tests. However, it is imperative that full system checks and the pre -
breathe sequence in particular be performed if any mechanical
disturbance or other incidents have occurred since the last fu ll pre-
dive checks that may affect the performance of the LSS.

If any Pre-Dive screen is aborted, the warning DO NOT DIVE will be
shown in the main dry screen. Do not dive the unit until all Pre -Dive checks
have been completed successfully. An ABORT is lo gged in the memory.

An abort at any time will clear all previous checks. This will then force a
>18hour pre-dive sequence.
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If full pre-dive checks are completed correctly prior to a dive, when the dive
is then completed, a following dive may be started within 60 minutes with
only the reduced pre-dive checks needing be performed if the LSS has
turned off. If the LSS has not turned off before starting the next dive, then
no pre-dive checks will be prompted for. This operation is adopted to
ensure short surface intervals do not create annoying pre -dive checks.

Pre Breathe
Pre-breathing the LSS prior to diving is the most important of the
Pre-Dive checks. It confirms that the CO2 filtering is operating. If it is not
operating correctly, e.g. there is a bypass of CO2, then any affects such as
passing out, hyper-ventilating or dizziness can be treated properly in safe
dry conditions. There is a timer on the PREBREATHE screen of 5 minutes.
The screen can not be exited (unless by ABORT) until 5 minutes has been
completed and the Temperature Profile Monitor (TPM)  must also register a
temperature difference across the filter of at least 7 °C (12°F). However,
there is a disable feature in the Dvo screens to allow the user to opt out of
achieving this 7°C (12°F) test. This can occasionally be required when
there are abnormally high or low ambient temperatures. It can also be
used to allow completion of the predive screens if there is a
communication failure with the TPM. The LSS must be tested during the 5
minute period to determine if there is a CO2 breakthrough  independently
or in conjunction with the readings from the TPM. So the TPM can be
considered as an improvement in system checking, but not a vital life
support system component.

 The temperature profile is shown on a bar graph. If the temperatures do
not vary significantly across the filter, then the filter may be near the end of
its life, or fitted badly, flooded or even not fitted at all. Check the filter. If in
doubt, replace the filter.

Bar graph colours are based on the temperature difference across the filter:
 Green - > 10°C ( 18°F)
 Yellow - > 7°C (12°F)
 Yellow ¯  overall temperature of filter > 30°C and 5 minute pre-

breathe done
 Red - <7°C (12°F).

Always complete the pre-breathe diligently. If you do not pre-breathe
correctly then the safety check of temperature difference across the
filter will not be achieved.
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If any adverse symptoms are felt or seen by other people during this
time, then stop breathing and check the filter and seal. Do not div e!

The extra Éyellow condition  ̀ for overall temperature of filter > 30°C and 5
minute pre-breathe done is included for common condition of high ambient
temperature and filter temperature. This happens after a dive when the
filter has not been used for 10minute s+. The heat in the filter spreads out
across the filter. This coupled with high ambient temperatures can
make it difficult to reach a significant temperature profile during the
pre-breathe period. If the diver is confident that the pre -breathe has
been done safely and no adverse symptoms experienced, then the
pre-breathe can be accepted in a yellow condition to continue with
the remaining pre-breathe states.

Pre-breathes should be conducted with the
nose blocked.
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Calibration Errors

When Oxygen sensors are new or completely dry and a
calibration is undertaken, a small difference will be noted when

another calibration is done after a dive. This is because the
humidity inside a unit post -dive affects the sensor membranes

permeability slightly.

In general it is good practice to calibrate a unit in an as -dived
state i.e with humidity in the loop.

Auto Calibration
The Sentinel LSS is able to perform accurate calibration of the Partial
Pressure Oxygen (PPO2) cells in ambient air. This has particular
importance on the ease and accuracy of achieving calibrated PPO2 cells.

The Sentinel is able to measure atmospheric pressure during calibra tion
and make the appropriate calibration adjustments for the PPO2, even at
altitude. Cell health is also logged and cell change -outs are prompted for.

When performing PPO2 cell calibrations, it is important the calibration gas
and ambient pressure are known. By using ambient air as the
calibration gas this is known accurately.

The Sentinel uses advanced empirical techniques to ensure the accuracy
of the ambient air calibration.

To ensure that ambient air is exposed to the cells, the calibration is
triggered when a cell or cells are refitted onto their jack plugs in the
breathing loop. The transition from no reading to a reading triggers the
requirement for calibration. When the detector changes from a cell ÉOUT`
to a cell ÉIN` condition, the Sentinel immediately performs the calibration.
This state change ensures:
1. The breathing loop is exposed to ambient pressure ¯  i.e. not over

pressurised
2. The breathing loop must be open. And therefore the gas must be

ambient air.

Using the system above has advanta ges over an oxygen calibration
because;

1. Air is a known Cal Gas
2. Over-pressurisation of the loop cannot occur (changing the PO2)
3. There is no flush routine required
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When the calibration condition is triggered, the reading from the cells is
checked to ensure the PPO2 cells are all inserted and are within the
correct range. If they are not correct, then the calibration will be completed
when the cells are inserted.

When the calibration has been completed, the LSS will restart the full Pre -
Dive checks routine, first showing the state of the PPO2 cells.

If an error has occurred during calibration, then an O2Cell Cal-err or
NoCal warning will be displayed in the Status screen. The dry screen
saver will show DO NOT DIVE.

However, if a cal error is detected on c ells that have not been removed,
then the last good calibration gain values are reused. This means that it is
able to detect the possibility that the wrong cal gas is being used ¯  i.e. if
Air has not been flushed over the system. If two or more cells are d etected
as being wrongly calibrated, then the system warns that the wrong cal gas
may have been used, and reverts to the previous calibration. This system
does not detect small calibration errors due to slightly rich or lean
calibration gasses. It will however detect gasses above approximately 50%
O2 being used. Below this range, variations in cell readings can be
considered as viable reasons for the cell voltage variations. So, always
check the system is fully exposed to air  before calibration. This is
especially true when doing manual calibrations.  Follow the calibration
procedures accurately. If unsure, check again.

The Status screen shows detailed status of all alarms and readings taken
by the LSS. A short press of both button s from most screens will br ing up
the Status screen.

If at any time the user wishes to perform a manual oxygen calibration  of a
fully assembled Sentinel , this can be initiated from the Setup screen.
However, the cells must be exposed to air and the mouthpiece open.
Otherwise an incorrect calibration will be performed.

It is advised that the cell connector jack plugs and cells be well maintained
to ensure the automatic calibration performs reliably without the need for
manual calibration. This also helps ensure reliable cell connect ions during
diving.

If the cells get wet check the jack plugs and are not corroded and are
connecting reliably to the cell.

When refitting a cell, after calibration of the cells, a full pre -dive
check routine will be prompted for.

Manual calibration of oxygen cells
A manual air calibration of the oxygen cells can be activated from the
Setup screen:
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Choose the air cal option. The screens below give guidance on how to do
calibration correctly.

   then

The biggest error in o2 sensor calibration can be made by the user. If the
calibration is not done in ambient air, the sensors will not give the correct
readings after calibration. Therefore do not do the manual calibration
without ensuring the cells are exposed to air at ambient pressure.

The testing for good and bad cell calibration is determined from the cell
mVolt level detected during calibration. At 1000mBar atmospheric
pressure, this range the unit can calibrate for is approximately 3mV to
16mV. However, if a cell that would normally show 7.5mV in air has an
enriched gas applied to it of 40%o2 during calibration, then the cell will
give 15mV, and the calibration will pass, but the cell will be reading only
about half of the actual ambient o2. So always be careful when doing
manual calibrations, air must be exposed to the cells, no other
gas.

In most situations, manual calibrations are not required, and cells are
automatically calibrated when reinserted into the head when the
system is apart. This is the best way to achieve consistent good cell
calibrations. However prior to diving it is advisable to check the cell
calibration by flushing the unit with air or a known % oxygen gas to
check the readings. When doing manual checks, the altitude
pressure must be known to determine the PO2. When u sing the auto-
calibration system at altitude the unit automatically compensates for
altitude.

If the calibration is out of range, the system resorts to the previous
calibration values. However, if the cells have been changed this will not
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give a good calibration. So, always check that the calibration is done in air
and that the cells are giving appropriate values. You can use the backup
secondary display as a confirmation of mV levels before and after
calibration. Only recalibrate the backup display when t he cells are exposed
to air.

In general, oxygen cells do not drift excessively. Constant calibration,
with the potential to use the wrong gas, is generally more
problematic than just using the auto -calibration feature. Additionally,
using calibration to fix o2 cell readings that are probably showing the
correct values is a bad use of the manual calibration feature.  Check
cells and keep them dry. Use manual calibration sparingly, not as a
routine task that may mask other potential problems.

Manual Calibration
To perform a manual calibration, remove the exhale hose and breathe the
unit for at least 2 minutes (with all gases off) or until the PO2 displays have
all fallen to the lowest possible PO2.

To active the calibration go to the Setup screen and check t he AIR Cal
function.
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Summary of do·s and don·ts of cell calibration
When calibrating cells there are two factors that the Sentinel takes into
account:
1. Ambient pressure
2. Ambient gas oxygen content

These two factors multiply to determine the partial  pressure of the oxygen
exposed to the o2 cell.

Example:

20.9% oxygen at 1000mBar = 0.209mBar partial pressure of oxygen

20.9% oxygen at 750mBar = 15.675mBar partial pressure of oxygen

The Sentinel uses ambient air as the calibrating gas, because its
composition is know accurately. This is in contrast to say a cylinder of
compressed oxygen that can vary from supplier to supplier, as well as
around the world, from at least 94% to 100%.

To achieve a good calibration some basic rules must be observed:
1. The o2 cells must be exposed to the pure calibrating gas. So for an air
calibration, the cells must be flushed with air. Just taking the hoses off is
not sufficient, as pockets of gas can be kept around the cells.
2. Do not do routinely do calibrations to remedy a rebreather that seems
to be showing the wrong ppo2. If the rebreather had previously been
accurately displaying ppo2, then some other problem is likely to be the
cause. These include:

a. o2 cells have become wet
b. current gas exposed to the o2 cells is not what you think it is.

Check the readings on the secondary backup display. Do they agree with
the primary system? If they agree, then the cells could well be correct, and
other external issues are the problem, not the cells themselves. This
depends on how well the previous calibration was done, among other
things.

The o2 cells vary only a little over time. Temperature, atmospheric
pressure and moisture have far greater short term effects on the readings.
Calibrations carried out once a week sh ould be more than sufficient,
unless the LSS has been transported to different climates or significantly
different ambient conditions.

So, po2 checks, not calibrations, should be carried out to ensure the
oxygen po2 sensing system is performing correctly . Calibrations should be
done more sparingly, as it takes time to ensure the correct conditions are
exposed to the cells. Often a bad calibration causes more confusing
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problems than small errors due to temperature change. User error in not
having the appropriate ambient gas is a big source of po2 errors.

1. Don’t over calibrate
2. If something seems wrong, check everything. Do not just do a calibrate

to fix the reading. You could be making matters worse.
3. Keep cells dry.
4. When doing a calibration, do ensure the cel ls are exposed to air - force

air over the cells, do not just assume "they must be exposed to air by
now".

5. Just removing hoses is not enough to get air to the cells.
6. If the LSS has had a change in climate or significant ambient conditions,

these are good reasons to check calibration.
7. O2 cells also change with temperature. If you are diving in warmer or

colder water than normal, po2 readings will vary. Ensure calibrations
take place at a temperature as close to diving conditions as possible.
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Canister Duration Meter
The Sentinel LSS Canister Duration Meter is comprised of two main parts:

1. A patented US Navy designed tempera ture profile duration
meter (TPM) under license.

2. An oxygen injection meter.

The readings from both of these devices together can b e used to give a
high confidence as to the state of the filter. However, user experience and
training should also be used to determine the validity of the readings given.
The filter is such a key item in the system, and prone in the past to miss -
use, that great care should be taken when determining if a dive can be
safely performed with the filter in its current state. Flooding, long time
between uses, bad assembly, bad packing can all contribute to the
canister duration meter giving false readings. So alwa ys use great care in
assembling the device and in doing pre -breathe checks on the filter and
breathing loop. The CDM is a useful feature to get extended duration from
the canister when lower CO2 rates are generated by the diver. After use
however, CO2 filters should always be changed every 48 hours
independently of the CDM meter reading, even assuming part used
filters have been stored in a sealed loop.

Temperature profile monitor (TPM)
This meter relies upon the exothermic reaction of the CO2 absorbent. T he
use of temperature sensors to determine the status of the CO2 absorbent
has been performed in laboratory conditions for many years. The system
detects a complex reaction wave -front through the absorbent.

The duration of the canister depends mainly on the amount of CO2 being
produced by the diver and the depth of the dive.

The TPM will not detect breakthrough conditions of a poorly packed
canister. Therefore Pre-breathe checks must always be carried out to
ensure CO2 is being absorbed correctly by the filter.

The TPM contains 8 thermistors arranged longitudinally through the
canister absorption path. The readings from these 8 thermistors are logged
and analysed by the system. In this manual, it is not appropriate to explain
this data analysis in detai l. However, it is appropriate to describe some of
the limitations of the device.

The CO2 absorbent produces heat when CO2 is absorbed. However,
there is also a temperature rise even when incomplete absorption of the
CO2 in the breathing gas is achieved. T his is a potentially dangerous
situation, as the system appears to be working correctly as there is still a
measurable temperature rise and wave -front in the system. The human
body is tolerant to only approximately 5 to 10mBar of CO2  (ref CE
standards for a life support system). A well packed fresh canister absorbs
all the exhaled CO2 for a period of time until an amount of CO2 starts to
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creep through. When this level reaches 5mb it is assumed there is no life
left in the filter. However even at 5mb there is still considerable thermal
activity within the filter.
So be aware that a well packed and well maintained canister is key in
achieving a life-support system. The CDM is not a substitute for good
system maintenance and Pre-Dive checks. Always use your training
and discipline to ensure the sub -systems in the LSS are operating
correctly.

Critical components and potential failures are:
 The filter seal in the Canister head
 The filter O ring at the base of the TPM  (pre-packed systems only)
 The auto-packing spring system
 Used or out of date filter material

Below is a graph of the data log from a chamber breathing system test
dive. 1.6litres of CO2 is being fed into the system every minute. The
external water temperature is approximately 4 degrees Celsius.  It  shows
the thermistor readings on an arbitrary scale, canister remaining percent
prediction and depth in metres. The endpoint of the graph is when the CO2
levels reach 5mBar break through.

The thermistor curves at the beginning of the dive, as the cani ster heats up,
have a different shape to the middle to latter part of the dive. It is not
sufficient to simply look for the position of the hottest part of the canister.
This will give poor predictions of canister duration. The algorithm first
normalizes temperature difference data. Then uses a technique to
determine which part of the curve the system is on ¯  beginning, middle or
end. It then performs a look-up of the measured data into the suitable
reference data to determine the canister duration.
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If the filter is not changed within 7 days, the filter percent is forced to
0%. The filter should always be kept sealed until required for use. Once
installed, the filter should be changed within 48 hours even if it has not
been fully used through breathing. Wh en installed and being unused, the
LSS should have its breathing loop closed so that external air does not
accelerate the degradation of the filter. However, once open and used,
even if only a little, the filter will continue to degrade and change its
characteristics post-dive. Therefore, as previously stated, the filter should
always be changed within 48hours of opening and/or use.

Partially used filters should be stored in the LSS with a closed
breathing loop.

Although the algorithm that analyses the t hermistor curve is adequately
accurate during diving, if the filter is not being breathed on, the thermistors
curve will be abnormal. It also takes time for the filter to get up to normal
operating temperatures. Therefore for routine use, the addition of t he O2
injection CDM, described in the next chapter, is used to give the filter
percentage remaining to the user.

If the user is certain that the TPM is not operating correctly, it can be inhibited
from giving alarms by choosing the ÖOffˇ option under TPM  in the second Dvo
screen.

See the Dvo screen section for full information on using the Dvo diving options.

The TPM will be reset to On after a dive has finished. This is to ensure the
system is not accidentally kept off.

As the TPM is only a part of  the filter monitoring system and as the O2
injection monitor and overall usage timer are the main components, if for any
reason a TPM reading is suspected and can be confirmed as not being
accurate, it is possible to turn off the TPM and use the Oxygen In jection
Monitor re counter and the times and durations highlighted for CO2 absorbent
duration in the specification section of this manual.
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O2 injection Canister Duration Meter
The CO2 created by the diver is in direct proportion to the oxygen
breathed. The oxygen metabolized by the body is replaced by the injection
of oxygen into the breathing loop. By knowing the volume of gas injected,
the amount of metabolized oxygen and therefore the amount of CO2
created can be calculated.

From tests, the duration of the filter types has been determined and the
corresponding volume of CO2 absorbed before the filter begins to bypass.

Using these principles, the system measures the amount of gas injected
by the solenoid valve and converts it to a percentage of minutes  remaining
at CE CO2 rates. Although the displayed percent is at CE CO2 generation
standards, the percent will tick down more slowly if the diver is breathing at
a reduced rate. This will be the most common scenario. However, in the
unusual condition of CO2 generation at an elevated rate compared to
1.6ltr/min then the minutes will tick off more quickly. If the diver knows a
particularly strenuous dive is ahead, they should allow extra conservatism
in the minutes remaining counter, for that dive.

The remaining O2 injection CDM percent is displayed on the Summary
screen (under bkCDM or bk) and checked for in the alarm system.

The O2 injection CDM percent is reset to 99% when the filter is replaced
and confirmed in the canister changed or filter reset screen s.

The O2 injection CDM should be used in conjunction with the Temperature
profiler to determine the appropriate state of the filter.

The readings from the CDM are shown as a percentage of canister
duration remaining:

99% = fresh canister
0% = Completely used canister with a likelihood of CO2 breakthrough.

Excessive manual O2 injection will reduce the accuracy of the back
up CDM, as the solenoid valve will not fire as often.

If in doubt replace the filter and perform
 full pre-dive checks.
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Operation and interaction of Temperature profiler and O2
injection CDM
The thermistor bar chart of the temperature profile through the filter is
shown to give the diver information on the activity of absorbent inside the
filter. This should have a peak when the fi lter is being breathed on. From
cold it will take about 5 minutes for the co2 reaction to cause a visible peak.
This peak should then continue and grow higher.

If there is no peak, then there is a problem with the filter. This could be
caused by:

1. Flooded filter
2. Filter not fitted
3. Filter empty ¯  all used up

During pre-breathe, the unit needs to be breathed on until a peak is
achieved. This does not ensure correct operation, but has a high likelihood
of correct operation. Any sense of dizziness, nausea or ot her co2
symptoms should also be used to alert the diver that the filter is not
operating correctly. A small bypass due to a badly fitted filter or CO2 seals
could give this scenario of a good peak, but filter bypass. If this occurs,
stop breathing on the LSS and check all breathing loop paths. Replace the
filter and/or check filter packing and seating.

The actual percentage remaining number displayed to the diver
comes from the O2 injection CDM system.  This gives a consistent and
reliable reading of current filter duration based on o2 injection.

Always remember to reset the filter duration when a new filter is fitted. Do
not reset the filter duration unless a new filter has been fitted.

The actual TPM algorithm reading can be seen on the second summary
status screen.

As previously stated, this value is only valid when the loop has been
breathed on for 10+ minutes when diving.

On the main dive and dry screen, the filter percentage displayed is based
on o2 injection usage.

The filter low alarm will come on at 10% remaining. Filter empty alarm will
activate at 0%remaining. There is also an additional stack timer that will
override any other filter state and force filter empty of stack usage time > 5
hours.

Always change the filter when the low alarm appear s, or before if you
suspect the filter is not operating correctly or close to the end of its life. Be
safe.
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Summary of Filter monitoring

Temperature Profile Monitor
There is an algorithm associated with the TPM that allows a reasonable
estimate of reaming filter duration to be determined. This is based on
empirical data.
The algorithm is only able to give a reading of any reasonable accuracy
when the unit is being breathed on. It is the temperature profile caused by
the reaction wave of the co2 absorbent  that is analysed by the algorithm to
determine the filter use.
Therefore, if the unit is not being breathed on, and therefore, there is no
relevant temperature profile because there is no current reaction taking
place, the current state of the filter can not be determined.
This is particularly relevant to the user during the pre -dive checks to
determine whether or not it is safe to use the filter for the next dive. The
pre-breathe that is requested in the pre -dive checks is not sufficiently long
to determine accurate usage readings. A general temperature profile is
useful to determine if the filter chemicals are working at all, and that a filter
is even present, or not flooded or damaged. But, a true reading of filter
usage is not practical until around 10m inutes into the dive.
Therefore, to give the diver information prior to diving, a separate system
is used. This is based on actual oxygen injection into the breathing loop.

So the TPM should be used to determine basic operation of the filter, and
to give an idea of where the wavefront is in the filter.
The diver should become familiar with the expected temperature profiles in
the filter, associated with new, partially used and almost expired filters.
Be aware that profiles will change due to ambient condit ions and time
since the filter was last breathed on.
Use common sense. The TPM is not a universal indicator of filter state,
due to the issues discussed above. However, it is a useful addition to the
test and measurement sensors in the LSS, to help determi ne the condition
of the filter and the LSS as a whole.

Typical conditions highlighted by the TPM:

1. Smooth curve showing a varying temperature across the filter with a
single peak usually implies a normal well working filter.

2. As the peak moves to the end o f the filter (right hand side of the profile
bar chart), the filter is being used up. When the peak is at the last two
bars, change the filter as soon as possible.

3. A flat bar graph, or only a very small peak can indicate:
a. a filter has been flooded
b. the filter has not been breathed on recently.
c. the filter has expired.
d. there is a significant leak in the breathing loop.
e. the filter is not fitted!

4. If the loop has been breathed on, and a curve is showing as in item 1
above, there could still be a gas bypass in the  filter. The filter will show
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a reaction curve, but some gas can be bypassing - not all the gas, but
some. This small amount of bypassed gas can still be sufficient to
cause CO2 toxicity. Therefore the pre-breathe must still be performed
diligently, to ensure no CO2 toxicity symptoms occur. If CO2 toxicity
symptoms do occur, stop breathing on the loop immediately, and seek
medical attention.
1. (NB. Even an expired filter that will not scrub sufficient co2 out of

the exhaled gas will still perform some co2 abs orption, and
therefore still have some temperature profile. So do not use the filter
profile alone to determine the safety of the breathing loop.)

5. Due to basic physics of heat flow and gas flow through the filter, the
middle to end of the filter will often  show the peak of the temperature
profile. This means it is harder to determine the difference between a
50% remaining to 25% remaining filter than a 99% to 75% remaining
filter. So always be conservative, and change the filter sooner rather
than later. Do not risk any life threatening situations for the sake of a
few extra minutes on the filter.

Because of some of the vagaries of using the TPM, there is an additional
system for measuring the duration remaining of the filter.

The Oxygen injection monitor.
As co2 creation is directly proportional to o2 usage, the overall life of the
filter can be determined from how much o2 has been injected into the
breathing loop for that filter. However, this requires that the user tell the
system when a new filter has been inserted.
It is also open to abuse, as the user can falsely tell the system that a new
filter has been inserted, when it hasn’t.
Therefore, the two systems of the TPM, and the O2 injection monitor
should be used together to determine the fil ter life remaining.

Thirdly, there is an overall timer that just relies on time since the last
filter change notified to the system by the user.  This also is open to
abuse for the same reasons as the o2 injection monitor above. It however,
uses no input of o2 injection, therefore will prompt a filter warning simply
when the filter has been used for over 5 hours.

Available shortly, will be a true co2 monitor for the LSS. This will help give
an extra level safety not available with the current sensing and injection
monitoring devices. All the above elements will then be able to combine to
provide a real level of usage, bypass and critical co2 levels to be advised
to the user, both during pre-dive checks, and while diving.

No matter how many safety monitoring systems are in place, use
your own common sense and discipline to ensure you do not push
the life support systems beyond their designed limitations. It is your
life being supported - respect the equipment and its limitations.
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Auto turn-on
Normal practice and training is for the user to turn the LSS on by-hand and
go through the pre-dive checks. The following failsafe additions are to
reduce diver error, where the LSS is turned off prior to breathing  on the
unit.

The basis for the auto-breathe software is to reduce the chance of
accidental death by breathing on a LSS that is in off/sleeping state. This
has happened in several cases. The common method to reduce the
likelihood of this is to have contacts that turn the unit on when it is wet.
This is good for surface swimming. However, a chamber or non-wet use of
the LSS may occasionally occur.  Wet contacts can also reduce battery life
in wet environments.

Hence this detection of  a ppo2 drop (simulating breathing) is an
improvement to the wet contact system as it covers most cases of
accidental use when the LSS is currently off and when a person forgets to
turn the LSS on before breathing on the system.

Breathing detection turn on rules :

1. Turn on if ppo2 <0.17bar and > 0.05bar. If cells  are removed or read
0.00 then the unit will only turn on with depth or by  the user pressing a
switch. This has to be done to conserve battery power when the user takes
out ppo2 cells for storage or during transport.  Current other LSS designs
and CE approvals require a reduce d safety margin than achieved even
with this power save scenario. In other words, the chance of the user
taking out the cells and accidentally not turning  the unit on before
breathing falls into user set-up error that should not routinely occur due to
training and a good pre-dive check regime. Other errors of no turn on of hp,
etc. are much more likely, and should be reduced  by proper training and
the intelligent alarm systems.

2. Turn on if ppo2 dropped more than 0.05 bar in 1 minute. This is
adequate for even light breathing  on the loop. If the unit has just been
dived, in normal use, the ppo2 in the loop will be 0.40 bar or greater.
Hence even after a 0.05 bar drop, the loop will still be breathable. If there
is only 0.21 bar in the loop, eg if only air in loop, then the unit will turn on
due to item 1 above, still with headroom for ppo2 alarms before hypoxia.

If the diver does not have hp o2 turn ed on, alarms on the HUD and
Primary display will occur as soon as auto turn -on occurs. Deaths have
usually occurred because the diver has not been warned of a dangerous
condition. Hence this method provides increased warnings whenever loop
ppo2 is breathed when the unit is off.

Compared with false turn-ons due to head removal or flushing with diluent
when at the surface or small shortfalls in battery efficiency , the auto turn-
on is a major safety improvement.
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Breathing the loop, in all circumstances wh ere the unit is breathable and
ppo2 cells operative, will cause a safe turn -on.

The additional safety features described should never be used as routine.
The unit should always be turned on by the user and pre -dive checks
carried out as required in train ing and the operations manual .
However, testing and confidence in this auto turn -on should be carried out
occasionally under safe 0.70 bar or greater conditions .  To do this, ensure
the unit is off, flush with diluent until the PO2 falls and the LSS turns on.

When the unit is sleeping or has been off or less than 18 hours , and the
unit is the breathed on, the +18 hours screen below, or the same screen
with Breathing detected will be displayed. The appropriate pre dive
sequence then should be performed.

This screen will remain on until the PO2 goes back to the setpoint currently
active. To turn the unit off, a long press of both switches is needed. To
continue to the pre-dive setup screen, do a press of either switch.

Valve over inject and no inject
If the valve is injecting for over 2 minutes without the po2 getting to within
0.1 of the setpoint, then a Valve Over Inject a larm will occur (Valve Over I).
this feature also has the affect of warning the user during diving if the cell
readings remain below setpoint for too long.

If the po2 remains higher than 0.1 above setpoint for over 5 minutes, then
a Valve No Inject alarm is created. This helps ensure the system does not
have a bad sensor. During diving, the o2 injection valve should always
have fired within a 5 minute period unless manual o2 injection has been
performed. When at the surface, to force injection, breathe on the LSS to
drop the po2 below setpoint and cause an injection. This will reset the
alarm counter. This alarm helps detect a severe po2  cell failure where cells
fail with a high reading.

When not diving, if the valve is injecting for over 8 mins without the po2
reaching within 0.1 of setpoint, then the turn off timer will start to count
down. Normally, the count down timer is reset after  each valve fire, but
after this 8 minute period of no affect on the po2 to achieve setpoint, the
turn off timer is re-enabled.
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Sensor polling
The LSS has a method of automatically removing O 2 sensor cells from the
PO2 averaging. If the operator considers these are not appropriate for a
particular type of cell failure, then any individual cell can be turned off
manually. This can be accessed from the Cells option in the Dvo screen.
Rules:

a. If all cells have been disabled by the user the LSS control
system is turned off

b. If a single cell is below 0.15 bar or above 3.00bar, then it will be
disabled, the system denotes this with an ˘NÀ next to the cell .

c. If after item 2, all 3 cells are disabled for the same fault, then all
cells will be re-enabled ¯  this ensures that if the O2 is very high,
or very low and all the cells agree, then the O 2 is probably very
high or low accordingly.

d. If all cells are enabled and have no faults, then each cell is
checked to see how many other cells it is within 0.20b ar of.

e. If all cells are within 0.20bar of each other, then all cells will be
enabled.

f. If two cells are within 0.20bar of each other and one cell is not,
then the cell that is not within 0.20bar of the others will be
disabled.

g. If no cells are within 0.20bar of each other, then all cells will be
kept enabled.

h. If all 3 cells are disabled with the same fault at this stage, then
all will be re-enabled.

i. All enabled cells are then used in the PO 2 averaging. Any cell
disabled in these calculations will  have a D or N shown against it
in the O2 sensor Screen.

j. Examples:
i. Cell 1 = 0.5bar, cell 2 = 0.60bar, cell 3 = 0.70bar. All cells used

(rule 4a)
ii. Cell 1 = 0.3bar, cell 2 = 0.60bar, cell 3 = 0.70bar. Cells 2 and 3

only used (rule 4b)
iii. Cell 1 = 0.3bar, cell 2 = 0.60bar, cell 3 = 0.14bar. Cell 1 and 2

only used (rule 2)
iv. Cell 1 = 0.3bar, cell 2 = 0.60bar, cell 3 = 0.90bar. All cells used

as no obvious fault in any single cell (rule 4c)
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HUD and Colour Screen
The LSS can be routinely dived by u sing the Heads Up Display (HUD) as
the main underwater human interface. This frees up the diver to
concentrate on the mission or dive in hand.

If the HUD comes out of Green for Égo mode ,̀ then the diver can refer to
the main display and investigate the ad ditional status information.

The main display utilises colour to make it quick to see the general status
coupled with unprecedented clarity of information.

The HUD, colour screen and uncluttered screen layouts are key to
providing the diver with essentia l information in high stress scenarios.

There are 3 main warning levels:

 Flashing Red -  warning is activated when a dive should be aborted
on open circuit or not started.
o If diving, the diver should switch to the bailout gas.
o The HUD vibration alarm will vibrate every ˙ second  for 10

seconds, then repeat the 10 second alarm every minute.
 Flashing Green and Blue LEDs -  warning is activated when a

manageable error situation is in place. The correct response is to
ascend slowly on closed circuit monitoring the Primary display.

 Solid Green -  means there are no detected problems

The LED states are configured for colour blind as well as highly stressed
divers. The position of the LEDs coupled with the flashing or solid states,
provide conditions that can not be confused with one another. Also, during
stressful dive scenarios, the position and status is quick to comprehend
and therefore intuitively the desired response is performed.

The white LED indicates decompression status:
 White LED off = no decompression
 White LED flashing slowly = decompression required, currently

deeper than deco ceiling
 White LED solid = at decompression stop
 White LED flashing fast = shallower than decompression ceiling
 White LED flashing fast = ascent rate greater then 10m/min

If the HUD is set to PO2 mode then the green light also informs the user of the
state of the PO2 in the unit;

 Green LED solid = within +/- 0.1 bar of setpoint
 Green LED slow flash = PO2 above 0.4 but below 0.1 below setpoint
 Green LED fast flash = PO2 grea ter than 0.1 above setpoint but less

than 1.6 PO2
Note: A Red LED will display below 0.4 and above 1.6 PO 2.
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Detailed Alarm conditions
Note: Green light now shown in PO2 mode.

ALARM DESCRIPTION ACTION HUD
STATUS

PPO2        OK Measured PPO2 breathable
and in setpoint limits

GREEN

PPO2       OFF Rebreather control manually
turned off

Use open circuit bailout RED

PPO2
LOW

PPO2 breathable, but just
outside setpoint control
limits

Check status and operation GREEN /
BLUE

PPO2
HIGH

PPO2 breathable, but just
outside setpoint control
limits

Check status and operation GREEN /
BLUE

PPO2
VLOW

PPO2 dangerous ¯  do not
breathe on LSS

Use open circuit bailout RED

PPO2
VHIGH

PPO2 dangerous ¯  do not
breathe on LSS

Use open circuit bailout RED

PPO2
mLOW

PPO2 breathable, but
outside setpoint control
limits

Check status and operation GREEN /
BLUE

PPO2
mHIGH

PPO2 breathable, but
outside setpoint control
limits

Check status and operation GREEN /
BLUE

PPO2     >
LOW

PPO2 breathable, but
outside setpoint control
limits due to setpoint change
or doing ascent

Check status and operation GREEN /
BLUE

PPO2
<HIGH

PPO2 breathable, but
outside setpoint control
limits due to setpoint change
or doing descent

Check status and operation GREEN /
BLUE

PPO2    DO
CAL

PPO2 not valid ¯  calibration
required of O2 cells

Do not dive. Do O2 cell
calibration before using LSS.

RED

PPO2    DO
PRB

Breathing loop not tested ¯
Prebreathe required

Do not dive. Prebreathe loop
before diving the LSS.

RED

GREEN /
BLUE If
doing
PreDive

PPO2     SpInc Auto setpoint adjustment
made

Automatic setpoint
adjustment just activated

GREEN /
BLUE

ALARM DESCRIPTION ACTION HUD STATUS

VALVE      OK O2 solenoid injection valve
firing OK

GREEN

VALVE     FAIL O2 solenoid injection valve
failed

Use open circuit
bailout GREEN / BLUE

VALVE HiInj
Valve over
inject

Valve injection not getting
PPO2 to setpoint. 2 minutes
of valve firing triggers
alarms.

Check HP O2.
Valve could be
blocked

GREEN / BLUE

VALVE NoInj
Valve not
inject

During diving this would
occur if cells have a fault or
the diver is manually adding
O2 to the breathing loop. 5
minutes of no valve firing
triggers alarm.

Always expect
the valve to fire
every minute or
more frequently.

GREEN / BLUE
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ALARM DESCRIPTION ACTION HUD
STATUS

FILTER      OK Filter duration status OK GREEN

FILTER
CHECK

Backup filter O2 injection
duration meter LOW

Do not dive ¯  change filter GREEN /
BLUE

FILTER
LOW

Filter CDM LOW Do not dive ¯  change filter GREEN /
BLUE

FILTER
EMPTY

Filter CDM EMPTY Do not dive ¯  change filter RED

FILTER NO
COMM

No communication with filter Check connector is plugged
in correctly to canister.
Check cable is not broken or
damaged.

GREEN /
BLUE

FILTER
BAD??

No temperature differential
exists across the absorbent

This could be due to
inactivity during skills
sessions. Abort if during a
normal dive you see this.

RED

FILTER
BAKCDM

TPM switched off Complete dive using manual
stack timer or O2 injection
timer

GREEN /
BLUE

CO2>5mb or
>10mb

CO2 levels high High CO2 levels. Reduce
depth/workrate, consider
open circuit bailout.

RED

ALARM DESCRIPTION ACTION HUD
STATUS

BAT         OK Battery level OK GREEN

BAT        LOW Battery level LOW ¯  charge
immediately

Charge system immediately GREEN /
BLUE

ALARM DESCRIPTION ACTION HUD
STATUS

HP status ¯
Diluent
OK HP level OK GREEN

LOW HP below reserve level Turn on HP or fill cylinder GREEN /
BLUE

FAULT HP reading outside valid
level

Check HP sensor and cable
for damage. Return for
service.

GREEN /
BLUE

RATE OK HP usage OK GREEN

RATE HI HP usage high ¯  leak or not
turned on

Turn on HP. Check system
for leaks.

GREEN /
BLUE

ALARM DESCRIPTION ACTION HUD
STATUS

HP status ¯
O2
OK HP level OK GREEN

LOW HP below reserve level Turn on HP or fill cylinder ¯
bailout if diving

RED

FAULT HP reading outside valid
level

Check HP sensor and cable
for damage. Return for
service. ¯  Bailout if diving

RED

RATE OK HP usage OK GREEN

RATE HI HP usage high ¯  leak or not
turned on

Turn on HP. Check system
for leaks. ¯  Bailout if diving

RED
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ALARM DESCRIPTION ACTION HUD
STATUS

DECO
STOP

At correct decompression
stop depth

Stop at current depth to
complete decompression

SOLID
WHITE

DECO
VDEEP

Current depth much deeper
than deco ceiling

Ascend to decompression
stop ceiling depth

SLOW
WHITE
FLASH

DECO
CLOSE

Current depth close to deco
ceiling

Ascend slowly to
decompression stop ceiling
depth

SLOW
WHITE
FLASH

DECO
ALARM

Current depth shallower
than deco ceiling

Descend to decompression
stop ceiling

FAST
WHITE
FLASH

DECO
NoDEC

No decompression ceiling OFF

ASCENT
OK

Ascent rate OK OFF

ASCENT
FAST

Ascent rate too fast Slow down ascent rate FAST
WHITE
FLASH

DEPTH LIMIT Depth too deep for LSS Ascend safely to depth
within LSS range

GREEN /
BLUE

Note ¯  Level 1units will also give a short GREEN/BLUE alarm when a decompression stop is first required. This will last for about 30 seconds, then will
repeat after approximately 10mintes. The white LED alarm will remain as per the chart above.

ALARM DESCRIPTION ACTION HUD
STATUS

O2Cell      OK Cell calibration OK GREEN

O2Cell
ERROR

Cell or cells not giving valid
reading

Replace faulty cells. RED

GREEN /
BLUE

O2Cell
NOCAL

Cell calibration attempted,
but cell readings not valid

Check cells are fitted. If
fitted and still no cal, replace
cells

RED

O2Cell
NOCal

Cell calibration attempted,
but cell readings not valid

Check cells are fitted. If
fitted and still no cal, replace
cells

RED

ALARM DESCRIPTION ACTION HUD
STATUS

PREDIVE
OK

Pre dive checks completed
OK

GREEN

PREDIVE
ABORT

Pre dive checks not
completed as LSS went
straight into dive mode

Abort dive and perform Pre
dive checks ¯  HUD warning
not shown after 10mins of
dive start

GREEN /
BLUE

PREDIVE
ABORT

Pre dive checks aborted Perform Pre dive checks
before diving ¯  HUD warning
not shown after 10mins of
dive start

GREEN /
BLUE

SERVICE
NOW

LSS requires service. Do
service before diving.

Send LSS for servicing. Do
not dive

GREEN /
BLUE

CELL CAL
BAD

Cell calibration attempted,
but cell readings not valid

Replace faulty cells. GREEN /
BLUE

FAILED
PREDIVE

Pre dive checks failed due to
measured parameter not
correct

Perform Pre dive checks
before diving

GREEN /
BLUE

All of these alarms will cancel after 2 minutes of diving. This is to reduce risk of alarm
blindness. 2 minutes is sufficient time for the diver to acknowledge and do something about
the alarm.

Red alarms take priority in the HUD over Green/Blue alarms.
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With the Sentinel, a key task has been to process the fault levels and
error conditions to indicate the status of the rebreather. In any event
the above alarm tables can be broken down into the following simple
responses:

 OK ‚  system ok to dive ‚  solid Green
 Check alarms ‚  ascend safely on closed circuit ‚  Green/Blue

LED
 Abort dive ‚  ascend safely on bailout gas ‚  Red alarm

The status and summary screens provide the user with extra information
on an alarm state or states to assist in taking the appropriate action. This
information is in English, and all users should be adequately trained in
interpreting this information appropriately.
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The table shows what status is shown for specific problems:

HIGHEST PRIORITY BAILOUT
ALARMS.
Finish Dive Now On Open Circuit
RED LED FLASHING
PPO2 Very High
PPO2 Very Low
PPO2 VARYING FROM SETPOINT (system failure)
VALVE NOT FIRING
FILTER EMPTY / NOT FITTED
OXYGEN HP LOW OR HIGH-USAGE
CELL mV LOW
CALLIBRATION REQUIRED

MEDIUM PRIORITY ALARMS
Finish Dive Now On Closed Circuit
BLUE ON + GREEN ON
DILUENT HP LOW OR HIGH-USAGE
PPO2 > VARYING FROM SETPOINT (depth change)
PPO2 SETPOINT TRANSTIONING
BATTERY LOW
PRE-DIVE CHECKS INCOMPLETE
DEPTH LIMIT EXCEEDED

The main colour screen display provides more detailed alarm status
including:
 PPO2

o On setpoint
 Too high above setpoint
 Too low below setpoint
 Transitioning (automatic setpoint changing or

ascent/descent causing large ppo2 changes)
 Hypoxic
 Hyperoxic
 High Pressure
 Oxygen Too Low
 Oxygen usage too high (leak)
 Diluent Too Low
 Diluent usage too high (leak)
 Decompression

o Stops required
o Too shallow ¯  ceiling limit breached
o At deco stop ok
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o Close to decompression stop
 Gas change
 Valve firing ok
 Battery

o Low
o Empty
o Charging

 Ascent rate
 Depth limit
 Pre-Dive checks incomplete
 Cells

o Cell calibration incorrect
o Cell calibration not performed
o Cell error ¯  readings out of range

 Filter
o percentage
o not fitted
o empty
o low
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New User Interface Screens

Dive screens

The HP contents are displayed for 10 seconds after a short press of the
right button, the actual gas pressures are on the SUM screen.

Main Dive screen

HP contents
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Surface dry screen filter display

The Surface Dry Screen above shows key information, including a
summary of error states advising either DIVE OK or DO NOT DIVE. If DO
NOT DIVE is displayed, do not dive the LSS.  Check the summary
screen and perform the necessary remedial tasks.

MAIN DRY SCREEN showing vital information and
status

STATUS SCREEN showing summary of key
consumables ¯  all ok
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See the alarms tables for a full list of errors. The screen above shows a
short form of the alarms.

A short press of both buttons from this screen brings up the Filter
Temperature Profile screen:

This screen is useful to check that the filter is operating correctly. There
should always be a differential temperature across the filter.

To see full error and status information, do a short press of both buttons
from the Filter Temperature screen. The full summary screen is then
displayed. See full manual on description of the summary screen.

All critical information and tasks are perform ed during the pre-dive checks.
The gases and diluent being used need to be configured and checked
prior to each dive. The additional menus and features that make the
Sentinel able to show advanced and graphical information (eg depth profile
of logged dives) as well settings to adapt the LSS to your particular
preferences and style of diving.

As the ÉCheck and Dive` simplicity of the Sentinel makes it quick and easy
to get confidence that the LSS is ready for use!

STATUS SCREEN showing summary of key
consumables ¯  problems that need to be fixed

before diving
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Using intelligent monitoring and experienc e the integrated system
determines the appropriate tests and checks that the diver needs to
perform to get the LSS ready for use.

Any problems are described clearly on the Main screen and Summary
screen.

The on-screen check list guides you through all th e steps. Any problems
are described clearly on the Summary screen and Main dry screen.

Both of these screens show additional information that may be interesting
or useful to the diver.

The Status screen can be seen by a short press of both buttons when dry
and when diving, another short press of both takes you to the next
summary screen showing detailed status of all alarms and readings taken
by the LSS.

The options screen can be seen by a long right push when in surface
mode. The options menu gives access to other screens such as Log book,
Setup and Simulate.

See the menu flow chart for a summary of how to access the different
screens.

When in dive mode, and the system is OK, if the user displays a screen
other than the main diving screens, eg deco or DVo, the PPO2 is
displayed in the top right corner of the screen, together with the status LS S
OK. This allows the diver to see the PPO2 even if performing other tasks
on the LSS.

Screen and menu navigation
See the menu tree diagrams for details on wher e the menus are for
different dive (please check the website for updates) .

Dive options screen
This can also be accessed while diving from the d ecompression
information screen and is available from the main dry menu.
This screen allows the diver to change parameters appropriate to the
specific mission or personal preferences. These are:
 Light Mode

o On
o On when diving, timed when in surface mode
o Timed when diving and in surface mode

 HUD brightness
o Hi brightness for daylight and bright conditions
o Low for cave and night diving

 Last stop depth
o 3m or 10ft
o 4.5m or 15ft
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o 6m or 20ft
 Safety factor
 CNS alarm level
 Auto Setpoint max

o 1.2Bar
o 1.3Bar

 HP alarms for Dil and O2
o This allows the diver to turn off High pressure level and usage

alarms when using off-board gases. For safety reasons, if the
alarms are turned off, they will be turned back on again when
the LSS is restarted or a dive is finished.

 Cells ¯  configuration of PPO2 sensors

DVO Screen 1

Dvo Screen 2

.
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Bailout and gas configuration

All units
Gas numbers 1 to 4 are configurable as diluent gases. DIL is displayed
against the gas number for these gases.

Gas numbers 5 to 8 are configurable as the open circuit bailout gases.
OCB is displayed against the gas number for these gases.

At least one diluent gas and one bailout gas must be configured and set to
ON for each dive. The adjust screen can not be exited and the LSS will not
turn off until this configuration has been made.

The default state for the gas configuration is Air.
The default configuration is for DIL gas 1, and OCB gas 5 to be active.

When the Sentinel is switched to open circuit bailout during a dive, the
diver will be prompted to accept the open circuit bailout gas configured for
use at their current depth based on the maximum operati ng depth
configured for each gas. The user can go into the gas configuration menu
and adjust both diluent and bailout gases while diving.
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Setpoint configuration
All versions can run in auto setpoint mode, or manual mode up to 1.6Bar
PO2. Manual mode allows the user to adjust the LSS setpoint in 0.05Bar
steps. All versions allow adjustment of the auto setpoint maximum of
between 1.0Bar to 1.3Bar.

In addition to the main diving setpoint, there is the ability to choose an
additional setpoint for use during  decompression. The value of this
setpoint, as well as the depth at which this setpoint is activated can be set.
If Auto depth is set, then the decompression setpoint is switched to as
soon as a decompression stop is reached. Alternatively, a decompression
depth can be chosen that the diver need s to have ascended to (within 2m)
before the decompression setpoint is activated. Finally, the decompression
setpoint can be disabled. The decompression setpoint can be chosen
between 1.0Bar to 1.6Bar.

The adjustment of the auto setpoint for dive and decompression are done
in the second of the Dive Option Dvo screens. To get from screen 1 to
screen 2, use the short press of both buttons to move around each field.

Dvo screen 1

Dvo Screen 2

Use the + and ¯  to change the setpoints to the desired values. When
adjusting, consider the CNS and other oxygen toxicity issues, together with
optimizing decompression times, as provided in your rebreather training
course. If in doubt on values to choose, consult your rebrea ther diving
instructor and training documentation.

If a manual setpoint is chosen that is higher than the auto setpoint
maximum, then the manual maximum will be used instead when reverting
back to auto mode.
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Auto Setpoint
Auto setpoint intelligently choos es an appropriate setpoint for the current
depth and dive duration. The Auto Setpoint flow chart describes the
mechanism in detail.

The main reasons and design criteria for the auto -setpoint adjustment
system are:

1. Remove tasks from the diver for safe and optimised diving
2. To ensure that the setpoint is not set too high too quickly and

thus cause a severe spike in PPO2 should the diver continue
descending with a high PPO2 already in the breathing loop.

3. To ensure an optimum setpoint is used to reduce the on -gassing
of inert gas in the body

4. To ensure an optimum setpoint during decompression
5. Oxygen gas is not wasted in trying to achieve an elevated

setpoint not achievable at the current ambient pressure ¯  eg
1.2Bar at the surface.

Before diving, in surface mode, the Sentinel will operate to a setpoint of
0.4Bar.

When the LSS enters dive mode ( see dive mode on how this occurs ), the
Sentinel changes setpoint to 0.7Bar minimum.

As the diver descends beyond 6m (20ft) the setpoint is incrementally
increased based on the maximum depth up to a maximum setpoint of
1.2Bar at 33metres. If the diver descends beyond 33m the setpoint will not
be further increased.

In addition to the incremental adjustment, if the maximum depth > 20m
and the dive duration > 5minutes, then  the setpoint will be immediately
adjusted to Auto setpoint maximum.

If decompression stops are required, the setpoint will be kept at Auto
setpoint maximum automatically.

On ascent, and where there are no decompression stops remaining, as th e
diver becomes shallower than 4m, the setpoint will return to 0.7Bar.
A long press of this button will revert the setpoint to the previous minimum
value. A further press of the button toggles between the minimum and
maximum setpoint values. The minimum value is alwa ys calculated using
the depth adjustment algorithm described above.

Setpoint changes and ascents & descents
When a setpoint is changed, the rebreather will require time to adjust the
PO2 to the new level. Likewise, during ascent and descent, depth chang es
immediately change the PO2 in the breathing loop, and the LSS requires
time to adjust the PO2 accordingly.
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Therefore the LLS detects both of these types of normal diving disruptions
to the PO2, and downgrades the alarm type during these transitions.

For a setpoint change, 2 minutes is allowed for the setpoint to be achieved.
For a depth change of > 7.5meters (22ft) per minute up or down, 1 minute
is allowed for the PO2 to recover after the end of the depth transition.

This system reduces the alarm bli ndness without reducing the safety of the
system. PO2 Hypoxic and Hyperoxic alarms will still create the highest
level of alarm during the transition, but a breathable mixture inside these
limits and appropriate to the depth change or setpoint change detec ted will
temporarily down graded the alarm..
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Dynamic reserve
The Sentinel monitors the High pressure (HP) contents of both the diluent
and oxygen cylinders.

The Sentinel includes two warning system for the HP contents.
1. Contents below reserve level
2. Rate of use of gas is too high indicating a leak or that the HP

cylinder valve is turned off and gas is being added

For all versions and the oxygen contents, the reserve level is  dynamically
adjusted based on depth (because ascent times vary with depth) . However,
as the cylinders are not required for bailout  it only adds 5Bar for each 10
metres of depth.

For all units (oxygen and diluent), the base reserve level is set to 30Bar.

Bailout and Dive abort
Should the operation of the LSS become unsustainable the diver should
bailout to an open circuit system. When this is done, the decompression
calculation can still be used in the Sentinel by selecting open circuit mode.
In open circuit mode the LSS still tries to maintain a 0.4 setpoint , in case
the loop is still breathed at some point during an ascent.

There is also a dive abort mode where the diver should keep breathing
from the loop. An example of this is where the diluent gas has had a leak.
The diver will be warned with flashing blue and green LEDs. The loo p will
be able to maintain a breathable gas without the addition of diluent as long
as the diver ascends safely immediately. The oxygen addition will continue
normally, but the diver should surface immediately.

Maximum operating depth
The Sentinel will warn on the main display if the maximum operating depth
of the unit is exceeded. These maximum ratings are:

Air diluent 40m, 131ft
Trimix diluent 100m, 328ft

The Sentinel will not freeze the user out of operation if these depths are
exceeded. However, the system and diver are being taken out of the
normal operating conditions and therefore these limits should never be
routinely exceeded. Exceeding these limits is not condoned by the
manufacturers.



Sentinel Skills List: June 200991

Internet reprogramming
The Sentinel can be reprogrammed and upgraded with new software
downloads from the internet. The PC Link option needs to be purchased to
enable use of this feature. Contact the manufacturer, web site or your
dealer for more information.

Some upgrades will be chargeable. Other upgra des may be free.
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Mandatory Diving Skills
The primary diving skills required to use any LSS will be covered in your
chosen agency’s training program and will not be reviewed here. However,
there are certain unit-specific skills which must be covered durin g
your training course.  These are detailed below.

Leak testing
See Notes

Calibration
See Notes

Harness Adjustment
See Notes.

Buoyancy Control
Initially, in shallow confined water you will be required to maintain a
hovering simulated decompression stop. You will then practice short
ascents/descents initially in manual PO 2 and manual diluent addition mode
and then in fully automatic mode. Ascents/d escents will become more
progressive as the course continues.

Open circuit bailout
On every dive you will perform an open circuit bailout upon arriving at the
bottom. On some dives you may be required to do additional bailouts
possibly back to the surface as defined by your instructor.

Manual flight
Many of the dives on your training course will carried out with the unit in
manual mode. That is to say with the electronics being set at a safe
minimum PO2 so as to support life and minimize the risk of decompr ession
but with the user directly controlling the oxygen level and decompression
requirements.

For this you will be taught to use the manual gas addition systems and
calibrate and use the Backup oxygen display as you will also carry and use
backup time/depth instrumentation and decompression tables.

In this mode the oxygen controller will not be disabled but will be set just
below the required PO2 level, the diver manually maintaining the required
level. Any decompression requirements/tables will assume t hat the
automatically controlled level is being used.

The same manual control will apply to the ADV which will be disabled and
the counter-lung volume adjusted manually using the gas bypass system.
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Only perform this skill in the presence of an Instructor

Oxygen solenoid and ADV failure modes
In these failure scenarios you will learn to use the manual isolation valves,
to set and re-set them. You will learn how to return the loop gas content to
satisfactory breathable ratios by manually injecting oxygen and diluent and
adding gas from external sources including an open circuit regulator.

In certain circumstances you will be trained to temporarily come off the
breathing loop. Upon return you must review the loop gas content before
breathing again.

Oxygen/diluent flow rate demonstrations
The purpose of this drill is to simulate how much gas is left in the lines
after a cylinder valve shutdown and what effect this has on the PO 2 in the
loop.

In a maximum depth of 6 meters of water, and with a stable PO2 of 1.0,
shut off the oxygen cylinder. Now use the manual b ypass to add oxygen
while breathing normally from the loop. You may need to vent to
compensate for buoyancy.

Note the PO2.

Shut off the diluent cylinder. Add gas manually allowing the over pressure
valve to vent. You may need to correct for buoyancy chan ges.

Note the PO2. Now turn on the diluent and the oxygen cylinder.

With increased depths the changes will be more dramatic but this test
shows the limited amount of gas remaining in the gas lines after a
shutdown and hence the limited risk of gas loss and PO2 Éspiking` that can
occur.

Dependent on the diluent used, the drop in PO 2 may be more rapid.

Do not use diluents for this test which generate a PO 2 of less than 0.21 at
the test depth.

Diluent flushes
To do a diluent flush you can either use the ADV by exhaling through the
nose until it triggers or by using the manual bypass. If you are trying to
flush a high PO2 it is best to go off the loop and onto open circuit to
perform the flush using the manual bypass while compensating for
buoyancy shifts.

Upon returning to the rebreather you must review the  loop
gas content (PO2) before breathing again.



Sentinel Manual V2.2g July 09.doc94

If the PO2 does not fall quickly enough you may have to isolate the
oxygen circuit temporarily to correct the problem.

Flood Recovery
Condensate will naturally collect in the ex hale hose on the diver`s right.
This will be signified by a Égurgling` noise.

Water is allowed to then move into the top of the absorbent canister. This
is acceptable for the following reasons;

1. Minor amounts of water do not affect the overall performance of
the absorbents (solid fill absorbents are actually flood
recoverable).

2. The top section of the absorbent is the portion used first, hence
water combining with that has little effect.

3. If water temporarily enters the absorbent (mouthpiece drop) then
the heat generate by the absorbent will quickly evaporate it.

4. Large amounts of water can move through the absorbent and be
purged out of the bottom of the canister through the OPV. In any
event a large amount of water probably means a permanent
flood which would force an open circuit bailout.

Moving water into the water removal system allows you to purge the water
through the over pressure valve.

To move water into the water removal system: Close the mouthpiece, put
the hoses above your head and shake the hose, squeezing the exhale
hose like squeezing an accordion will move water down the hose quickly.

Either now slightly over pressurize the loop until it vents while in an upright
position or wait until you ascend and the unit naturally over pressurises.

If water continues to enter the loop, attempt to locate the leak and cure it.
A common leak point might be a mouthpiece which is not fully open
or closed.

If water is in the inhale hose, again close the mouthpiece and move the
water across to the inhale hose and evacuate as before.

Bailout and ascents
Open circuit bailouts become nec essary if a loop is unbreathable or
flooded. In the unbreathable scenario the loop will need to vent during the
ascent and the injection of gas will need to be inhibited to avoid buoyancy
problems. This can be done by either closing the cylinder valves or the O2
and diluent shutoff valves or by switching the RB to open circuit mode.
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Ascents must be practiced on the training course while on open
circuit and with a loop full of gas. Venting is achieved by allowing

the counterlung to over pressurise naturally or quickly opening the
mouthpiece a small amount. It is not advisable to practice

flooded loop drills.

Failure to select the correct breathing gas on the computer
may result in decompression sickness, injury and even death.

With a flooded loop the diver must carry sufficient additional buoyancy to
over come approximately 5kg/42 Newtons (11 lbs) of buoyancy loss. The
gas injection should again be isolated.

Oxygen sensor isolation
The SENTINEL has the ability to automatically deselect faulty oxygen
sensors. See the DVO screen for details.

Off-board gas selection
Each of the oxygen and diluent gas blocks has the facility to plug in
additional gas to a valve on its base (optional).

Now breathe the loop down three times, exhaling through your nose to
purge the loop of the previously selected diluent.

Make sure that after plugging in the new gas and turning off the in -board
cylinder, you change to the new diluent on the dive screen.

Regularly clean the off-board connection system.

Electronic bailouts
With the SENTINEL it is possible to do an  open circuit bailout and switch
the electronics to open circuit mode to track the new open circuit
decompression.

Alternatively, if the readings from the sensors are good (as confirmed on
the Backup display) but are being fed to the Main electronics incorrectly
then you have the option to turn off the PO2 tracking algorithm and have
the unit follow an internal setpoint (which you can select on the Primary
display) while you maintain the PO 2 manually and monitor it on the Backup
display.

See the rear of this manual for a table of electronic bailout scenarios.

If the gas plugged in is the same as the on board gas then the on -
board cylinder valve can be left open. If the on -board and off-board

gases are different then the on-board gas cylinder valve must be
turned off.
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In-water skills

In-water skills are a vital element of dive training.  It is important, especially
when teaching complex skills or equipment, that training is progressive. Non-
progressive training only serves to scare and confuse students and at best
reduce the learning experience to a series of Éhoops` that should be jumped
through. This is not the goal at all; the desire to learn should be nurtured by
making the experience as informative, fun  and as exciting as possible. Only
then will the subject matter and key survival skills be remembered.

As in all training, while certain skills must be mastered first before the student
can progress safely to the next level, there are always issues that a ffect the
training sequence. These can include;

1. Environment
2. Support logistics
3. The students ability to learn

That said the following is offered as an ideal sequence. Where the skills order
must be adhered to the dive number is underlined and in bold . Non-vital
sequencing will be referenced as having to be completed by a certain dives
end.

Diving Safety Guidelines
It is recommended that drills marked in italics are conducted by one student
at a time with any remaining students and the instructor watching. All others
can be team drills.

After ALL drills involving a cylinder or valve isolation, the instructor should
confirm the valves are again open before completing the dive.

It is recommended that all divers will enter the water with a full BCD.

Pre-breathe sequences should not be done sitting on the edge of a boat or
pontoon and MUST be done with the nose blocked..

Divers should carry a minimum 7 litre bailout gas, preferably with the BOV in
use. If a regulator is used a regulator necktie must be attac hed.

Safety decompression stops should be conducted on all dives.
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Learning requirement Dive on
which
skill

should
occur.

Skill Reason Detail

Pre-Dive checks and Pre-breathe.
Setting of OPV.

1-8.
OPV

dives 1-2

Complete Pre-dive check
sequence, including the 5
minute pre breathe, with
CDM monitoring.
Adjust OPV to required
setting.

To confirm the LSS has been prepared correctly.
And to confirm the function of the absorbent and
it`s monitoring system.
To confirm the setting of the OPV.

Follow on-screen sequence using primary
display .On the appropriate screen breathe the
loop until timer reaches zero and TPM graph
becomes yellow or green, with the nose blocked
monitoring self for signs and symptoms of
Hypercapnia. Also insure the loop maintains the
0.4 set-point throughout the pre breathe.
Explain and demonstrate the adjustment and
setting of the OPV.

Calibration of LSS 1 Complete Automatic and
Manual Calibration of cells
on LSS.

To confirm, calibration of oxygen sensors on
primary electronics with automated air CAL
sequence and manual air CAL sequence.
To Calibrate the backup display.

Remove Sensors, replace and then begin pre
dive check screens. On Cell Calibrate screen
allow unit to Calibrate.
Access Manual CAL screen, remove exhale
breathing hose, breathe through mouthpiece for
one minute or until cells stabilise.
Adjust backup display to match primary display.

In-water leak and buddy leak check.
Where practical this may be
accomplished between just below
the surface and 6 meters.
Buoyancy and trim on the bottom
during ascent and at safety or
required stops.

1-8 In-water checks To ensure no LP, HP or loop leaks are present that
were not picked up during the pre dive checks.
Buoyancy and diver trim adjustment.

Look for gas leaks from the LP, HP and loop and
any incorrectly configured or stowed equipment.
Sufficient counterweight should be added such
that the RB is neutral in the water with the
counter-lung full. This should be approximately
2.0kg. Emphasis should be placed on correct
trim.
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Carry additional bailout gas on all
dives. Open Circuit bailout (static
and dynamic drills, including at
least two OC ascents from bottom
to approximately 6 meters.

1-8

Not dives
1 or 2 but

before
dive 7

Open circuit bailout and
Open circuit bailout ascents
and BOV use.
Switch the computer to open
circuit and select the correct
open circuit gas.

To verify the bailout system functions. To ensure
that the diver is correctly weighted, to maintain
control over a complete CCR failure by performing
a controlled open circuit ascent including a
simulated stop at 6 m. To deal with a Hypercapnia
situation,
If BOV is blanked then bailout gas regulator should
be worn on a neck strap.

The unit should be trimmed so that the ballast
weights attached equal the counter-lung
minimum loop volume of approximately 2.0KG.
Students should then carry additional weight to
compensate for their exposure suits and a
bailout cylinder with 1/3rd of the gas remaining.

1. Switch to off-board open circuit via a
sanity breathe of the BOV.

2. Select Open circuit on the Primary
display. This will disable the oxygen
injection and select an open circuit
decompression algorithm.

3. Ascend slowly. The biggest buoyancy
change is in the last 10 meters and
ideally the student should remain
horizontal within this depth range. As
required to maintain buoyancy control,
vent small amounts by partially
opening the mouthpiece for 1 second
intervals. (Mouthpiece venting should
be demonstrated at least once)

(This skill should be conducted twice, first
with a shot line, then on the second attempt
with an SMB)

Descend and insure gas addition is
made. Dive the unit manually.
Minimum Loop Volume

1&2 Manual control of PO2 To understand the manual injection dynamics of
the LSS with limited electronic information. To
understand the benefits of minimum loop volume.
To further determine the students weighting
requirements.

Ignore the HUD. Use the Backup display as
primary PO2 monitoring with the Primary display
as confirmation. Manually inject oxygen and
Diluent. Set the automatic set point to 0.7 and
maintain the RB manually at 1.0 PO2.  Complete
this skill at least twice. Initially monitor PO2
every minute. With the ADV disabled maintain
minimum loop volume and 1.0 as a PO2.

Remove and replace CCR on the
surface.

Any dive,
at least
once

Harness removal at the
surface

To ensure a diver can remove their or their
Buddies equipment during an emergency, and to
facilitate entry and egress from small boats.

Only to be conducted at the surface. Ensure
weight belts are removed first and wing is
inflated.
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Set unit to AUTO with a bottom PO2
of 1.2. Descend and monitor the
PO2 to ensure it AUTO switches.
Manually switch to planned set
point once the diver is at the
planned dive depth and monitor
PO2 to ensure the selected set
point is achieved.

By dive 3 Set point switching and
automatic set point control
diving

To be able to change the units set point during a
dive. To use the AUTO Set point function
To understand the affects on buoyancy and loop
volume when using the automatic oxygen addition
system.

Start at 0.7 at the surface. Allow the electronics
to switch to high Set point during descent and
back to low Set point on ascent with AUTO
function.
Start at 0.7 at the surface. Upon reaching the
target depth switch to 1.2 PO2.  During ascent,
switch back to 0.7 PO2 at 6 meters.

SMB Deployment. Between
dives 3-8

SMB use on CCR To ensure the diver can deploy a marker for
ascent whilst maintaining buoyancy and monitoring
PO2.
 An SMB is to be deployed on at least 4 dives.

To instil in students that with CCR, ascents can
lead to PO2 and buoyancy control problems.
Students may not disable the ADV after leaving
the maximum depth of the dive. Ascend and
maintain a safety stop at 6m. Set point control
should be set to AUTO. The diver should
demonstrate capability of SMB deployment
without the aid of crack bottles or CO2
cartridges.

Lowering PO2 in loop and
confirmation of cell readings.

1 Diluent flush To lower the loop PO2 and to confirm the accuracy
of the oxygen sensors.

 Isolate Oxygen solenoid shutoff. Flush loop with
Diluent using ADV or manual to reach PO2 of
Diluent at current depth. Switch to deco screen
to view PO2 at depth.

Demonstration of small bore gas
pipe efficiency.

After dive
3

Oxygen volume drill To show the small rise in PO2 that may occur
during an oxygen shutdown as a result of pipe
work design.

At a depth of no greater than 6 meters with the
unit set to 0.7 set point. Close the oxygen
cylinder valve, select the HP pressure display
screen and push the manual oxygen addition
until there is no gas left in the line. Monitor the
small rise in PO2 using the backup display. Re-
open the oxygen cylinder.
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Hypoxia. (Static and dynamic drills).
Hypoxia due to Solenoid stuck in
closed position. (Reset to a low set
point and maintain a higher PO2 set
point by manual addition)

2 Hypoxia drill. The PO2 in the loop is assumed to be less than
0.21. This assumes the solenoid or manual
injection has failed. Visual and tactile alarms will
have activated well before this can occur.

Set unit to Low set point (0.7).Open circuit
bailout. Manually add oxygen (3 seconds), wait,
check PO2, return to loop when safe. Add
oxygen to loop manually to maintain a Set point
of 1.0.

Hyperoxia (static and dynamic)
Hyperoxia due to Solenoid stuck in
open position. (Reset to a high PO2
set point maintain at a value less
than this by valve manipulation)

2 Hyperoxia drill. This assumes the PO2 in the loop is greater than
1.6. The solenoid or/and manual oxygen addition
is jammed.

To demonstrate the failure of a gas block as in the
second scenario, have the student keep the gas
block valve open while quickly opening and closing
the cylinder valve. Allow five breaths to mix the
loop between valve operations.

At a maximum depth of 6m. Conduct after the
Hyperoxia drill with 1.0 as a loop PO2. If correctly
weighted the point at which the counter lung
vent should not cause a buoyancy shift. Switch
to open circuit. Isolate the oxygen cylinder valve.
Isolate the solenoid shutoff.  Add Diluent using
the manual addition until the PO2 is safe to
breathe. Vent via mouthpiece to control
buoyancy and circulate gas as needed. Go back
onto the rebreather. Open the cylinder valve ‰
turn and close it quickly. If no additional oxygen
is added then the solenoid is faulty and the unit
can be dived with manual oxygen addition. If
oxygen still enters the loop the unit must be
dived adding oxygen by opening and closing the
cylinder valve for 1 second intervals as required.

Maintenance of  PO2. By replacing
volume reduced by Metabolism.

6 Metabolic rate This drill assumes the failure of all electronic
displays

To be conducted at a maxim .depth of 6msw. Set
oxygen controller to 1.0 PO2. Swim at a
moderate pace and note injection rate (in breath
counts) by listening for the solenoid or
overfilling the loop slightly and ¾feeling· the
addition.. Switch controller to 0.7 PO2. Remove
all displays from divers view but to where the
instructor can see them. Repeat swim while
maintaining the PO2 manually using the known
injection rate and/or reductions in loop volume
and hence PO2. Be aware that small depth
changes will affect P02 greatly, therefore initially
conduct at a static depth.

Maintenance of PO2 through an
ascent of simulated deco stops.

7 or 8 Maintaining PO2 between
decompression stops.

To compensate for small drops in PO2 between
decompression stops and is a useful skill if
finishing a dive on the backup PO2 display. This
assures the accuracy of PO2 tracking during
manual control.

Prior to moving to the next decompression stop.
Exhale, add oxygen and then move up in 3m
increments. Take 3-5 breaths and then correct as
required. Complete over a range of simulated
decompression stops.
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Flood recovery (static and
dynamic).

2 Partial flood recovery To simulate a temporary flood (mouthpiece loss
etc.).

Towards the end of a dive, move to an upright
position, switch to open circuit and shake loop
above head to any drain water from mouthpiece
and hose, then return to CCR. If possible locate a
hand hold on the wreck or reef, (correct
weighting should negate this necessity) add
Diluent until the loop over pressurises. If on an
ascent, simply continue ascending until the
counter lung over pressurises. Water will drain
through the OPV.

Hand
set/computer/pendant/gauges, etc.
operation.

PO2 gauge monitoring to be done
no more than once a minute and no
less than once every four minutes

3 onwards Cell disabling If the primary display has erratic PO2 readings and
a diluent  flush confirms there is a
display/electronic fault;, you can disable (option D)
all the oxygen sensors on the Primary and turn the
rebreather into a manual control, fixed PO2
decompression rebreather using the backup
display for monitoring and the manual oxygen
bypass for control.

Confirm PO2 on Backup display with a Diluent
flush. Disable all three oxygen cells. Switch to
manual  set point in GAS menu. Operate
rebreather using manual oxygen addition and the
Backup PO2 display. (Skill to be conducted static
initially then whilst swimming)

Handset/computer/pendant/gauges,
etc. operation.
PO2 gauge monitoring to be done
no more frequently that once a
minute and no less often than once
every four minutes

7 or 8 HUD operation With the loss of all Primary and Backup displays
the HUD and main electronics will still function.
Student must maintain a decompression stop.

Remove all displays, except the HUD from the
divers vision. The instructor must be able to view
the other displays. The student should be
allowed to generate a small decompression
penalty (Not to exceed 15 minutes) and conduct
the decompression using the HUD only. An
additional 5 minute safety stops will be
conducted at the end of the decompression. Be
aware that the HUD displays a variable
decompression ceiling rather than a fixed
decompression stop.

SCR mode of diving. 4
onwards

Semi-closed mode Failure of oxygen supply. Use unit as a Égas
extender`.

Add Diluent to maintain a breathable PO (As
close as possible to that of the Diluent at the
depth of the skill). Use on-board and/or open
circuit gas as appropriate. Let on-board
computers drive decompression. Vent to
maintain buoyancy as volume drops due to
metabolism. Make a slow ascent to -6msw. Only
flush if the PO2 is less than the diluent PO2 at
that depth. Skill to be conducted with the primary
set to 0.4 as a safety net. Additionally discuss
with the students the scenario of total display
loss and a 1 in 5 breath vent/ injection ratio to
keep a breathable PO2 during a dive exit.
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Hand
set/computer/pendant/gauges, etc.
operation.
PO2 gauge monitoring to be done
no more frequently that once a
minute and no less often than once
every four minutes

All dives Electronics monitoring Awareness Note Primary, HUD and Backup display on all
dives. PO2, decompression and general alarms
monitoring.

Out-of-air, air gas sharing from OC
bailout (donor remains on CCR).
Stage should be handed off

2 Gas sharing Bailout scenarios Switch to open circuit then transfer to an
alternative open circuit system supplied by
another diver. The donor is to hand off the
donated supply whilst maintaining buoyancy.
Teach as a progressive drill; first swim with RB
mouthpiece in and in OC mode and conduct a
horizontal swim not breathing, move to off-board
bailout and exhaling before starting swim. Use
pull and glide technique as appropriate. The
eventual drill should incorporate a continuous
swim during handoff.

Complex (multi-part) scenarios
such as Hypoxia or Hyperoxia drill
for donor while gas sharing with an
out of gas diver or SMB ascent and
open circuit bailout.

7&8
onwards

Various multi-part scenarios Emergency task loading Choose several complex scenarios.
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SENTINEL General Description and Background

History
Re-breathing systems are not new. The Military has developed and used
such systems for decades. In the past (and even currently) these are
simple analogue electronic  or purely mechanical systems. Commercial
diving and Search and Rescue operations have also operated simple
systems.

All of these areas have for some time been looking for sophisticated
replacements.

In addition to this, sport divers have, for several years now, had a desire
and need to dive for a longer time and to deeper depths.
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With these different aspects of scuba diving in mind, the SENTINEL LSS
range has been designed for military, commercial, scientific, professional
and sports diving. This has been achieved with a no -compromise
approach to LSS design, incorporating;

 Reliability and Safety
o The system can be used even with the failure  of main

electronics
o The systems have undergone a detailed Failure Mode Analysis

(FMECA). This provides clear exposure of the interaction of
failure scenarios. Outcomes of this analysis give feedback on
potential high risk failure areas. All currently identified high risk
areas have had design enhancements to achieve a higher level
of robustness or an additional redundancy feature incorporated.

 Incidents Review
A detailed review of LSS diving incidents was conducted to help define the
design parameters of the system. Key incidents that affected the design
were highlighted as;

1. Divers started the dive with their electronic control system off
2. Divers started the dive with their oxygen turned off
3. Divers descended with diluent off and then panicked when they

could not find the manual addition
4. Divers did surface swims on hypoxic diluents
5. Divers did not pack the absorbent canister correctly or the

design of the canister allowed CO2 to bypass if O rings were
incorrectly greased or assembled.

6. With insufficient guidance on canister durations, people
exceeded the duration limits

7. Temporary floods made the breathing loop unusable
8. Insufficient filtering produced oxygen so lenoid and ADV failures
9. Rubber hose attachment systems produced stress points which

perished the hoses
10.Electronics in the loop were affected by moisture
11.Gas supplies were accidentally switched off
12.Failures in the electronics made the unit unusable
13.Divers become stressed at high work rates and the Human

Computer Interface (HCI) became confused
14.DCI occurred as a result of the unit`s inability to maintain a near

constant PO2
15.Divers did not follow pre-dive procedures

Specific design items have been added to av oid the above operational
errors generating problems.

 Ease of Maintenance
o A no-tools approach has been the key criteria for routine

maintenance functions
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o The system is modular and breaks down into its component
parts easily

 Simplicity of operation coupled with sophisticated alarms  and
monitoring
o Once correctly configured the diver can simply breathe in and

out while monitoring the automatic or manual  addition of oxygen
in the breathing loop

o The system advises the diver of any alarm conditions
o The on-board decompression computer in the main electronics

control system keeps track of t he actual PO2 breathed by the
diver. The integrated decompression  algorithm is the same as
used on the world standard VR3 decompression computer.

 Flexibility in operation and Modularity
o For specialist applications the system can be configured with

different duration canisters, different display options, download
options and gas types and even different counter -lungs.

 Redundancy in system failure solution scenarios
o Wherever appropriate, a single failure  of an electronic

component will not cause failure of the complete system. The
Backup non-software PO2 monitoring system will function even
in case of a main electronics  failure. Manual gas bypass
systems can be used in conjunction with the backup PO 2
monitoring. As an option on military and commercial systems
only a fourth PO2 cell can be used with an external VR3  dive
computer to monitor PO2 and advise backup decompression
information. This coupled with an external stainless steel depth
transducer makes the unit suitable for saturation diving.

 Upgradeability
o Units can have PIN upgrades to different software  levels.

Software can be changed to cater for a specific operational
requirement/diver interface.

 Reprogram-ability
o Units can be re-programmed to incorporate major changes to

the software system
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Overview of closed circuit LSS components
The closed circuit LSS allows the diver`s exhaled gas to be Öscrubbedˇ
clean of exhaled carbon dioxide and re -breathed, coupled with a controlled
variable addition of oxygen and diluting gas. The closed circuit LSS
provides an optimised breathable ga s for divers through a wide depth
range for a given pair of on-board gases. This can be further extended with
additional hot swappable external diluent mixes.

The main components of the system are:

 Closed circuit breathing loop  to provide breathable gas to the diver and
in the process remove carbon dioxide from the diver`s exhaled gas.

 High-pressure Oxygen cylinder to allow addition of oxygen into the
breathing loop to compensate for oxygen u sed by the diver`s metabolism.

 High pressure inert gas Diluent  cylinder with low oxygen content to
allow the oxygen to be diluted, and thus remain at a non -toxic pressure.
The diluent gas can be air for depths up to around 50 meters. Below this,
Helium is added to the gas and the oxygen percentage lowered.

 A mechanical and electronic control system to facilitate the addition of
oxygen into the breathing loop to maintain a breat hable and optimised
oxygen level.

Improvements incorporated in SENTINEL
The SENTINEL design for the LSS incorporates two main improvements
over previous industry designs.

The first is mechanical, whereby a more robust breathing loop sy stem,
integral (protected) counter-lung and simpler maintenance  provide an
intrinsically safer system that is easier for divers to become familiar with
and operate.

The second is in the electronic  computer systems for control, logging and
decompression requirements analysis.

For the first time in a LSS, the electronics  system has been developed
from an existing leading dive computer electronics company. Thus control,
system setup, decompression modelling and alarm systems have all
evolved from a system that incorporates a knowledge base and proven
design for diver interaction with underwater computer systems. On top of
this, the modularity and reprogram -ability of the software systems provides
a future-proofing of the system design.

Some LSSs already in the market have a relatively low -budget computer
system, with correspondingly fewer features or options that facilitate the
range of diving techniques and scenarios employed by divers around the
world. They are therefore inhibitive and have a relatively small market.
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In keeping with a philosophy of reliability, safety and diving style variance,
the SENTINEL can also function completely w ithout the main electronics
computer system. The SENTINEL incorporates a Backup independent
PO2 display system that shows the mV and normalised PO 2 reading for
each cell. This provides an alternative and/or backup system that gives the
diver adequate information on which to perform or complete a mission,
manually controlling the setpoint through the manual O 2 addition valve.

A breathing circuit with a low resistive work of breathing (WOB), single
back mounted counter-lung, partial flood recovery and an eff icient axial
canister completes the system.

Although the design is new, the experience of the personnel concerned
encompasses knowledge and experience gained in over 15 years of
development and use of underwater electronic  products, as well as in
extreme diving. The product is an evolution of the best parts of LSS design,
coupled with a fully upgraded full function control system.
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SENTINEL Mechanical Systems

Design Criteria
The mechanical system has been designed with several key features in
mind.

1. Reliability
2. Breathing performance and pathways
3. Maintenance
4. Simplicity of operation (particularly in multi-task situations)
5. Flexibility in operation and Modularity

Reliability
As the unit provides a breathing system for the user in a non -air
environment it is vital it does this reliably, and in a manner that is tolerant
of system faults should they occur while diving. This is achieved by:

1. The fundamental philosophy of having a mechanical  system,
which can work in conjunction with or separately from the
electronics, allowing the diver to control gas input even if there is
a complete main electronics system failure.

2. Use of tried and tested electronics  and software from an existing
dive electronics manufacturer

Breathing Performance and Pathways
This is a very clear-cut area and is laid down in a CE standard. The unit
has already undergone testing in accordance with EN14143:2003. This
test not only covers breathing parameter s, dive duration and oxygen
control but also includes the field of user interaction and robustness. At
this stage the unit operates in excess of many parameters laid down by CE.

All components of the breathing loop are designed to give ma ximum gas
flow while providing total robustness. All gas handling lines are rated at 10
times their usage pressure and where required oxygen cleaning standards
are adhered to.

The unit has an Oxygen and a Diluent (make-up gas) pathway. The two
meet inside the co2 absorbent canister, which then feeds the counter lung
system from which the diver breathes.
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The high pressure gas system comprises two storage cylinders (one for
each gas). Each cylinder feeds a pressure regulator (one oxygen and one
diluent). The oxygen regulator then feeds:

 The electronically controlled solenoid injection valve  for automatic
injection of oxygen (via its emergency isolator).

 The manual oxygen injection valve (the Bypass system)
 A gas-switching block to allow an external cylinder of oxygen to be

plugged into the system to increase the usage duratio n.
 The high pressure diluent regulator feeds:
 The automatic diluent addition to maintain a breathable volume of gas

(via its emergency isolator).
 The manual diluent addition system (the Bypass system)
 A gas switching block to allow an external cylinder of diluent to be

plugged into the system to increase the usage duration

Both oxygen and diluent are then mixed in the co 2 absorbent canister in
the correct ratios. The canister then connects to a collapsible variable
volume counter lung, which feeds the user`s mouthpiece via a rubber hose
system.

On each shoulder (integral with the safety harness) are one of each of the
afore-mentioned Bypass and additional gas plug-in blocks (option).

High pressure gas monitoring is achieved via electronic  sensors, which
feed into the main electronics . This provides feedback to the user on
remaining volume and usage rates.
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The breathing mouthpiece can be isolated to allow the diver to switch to a
bailout alternative emergency breathing system.

Maintenance
The concept of the design is to provide a Éno  tools` ethic. For in-field it is
vital that maintenance can be carried out without specialist hardware. This
has the added advantage of simplifying the system.

Each individual component can be stripped by hand for maintenance  and
cleaning. Many parts in the gas control system are readily available as
standard components from gas fitting manufacturers.

It is the nature of such systems that on a daily basis they need a level of
disassembly for between-use storage. Again the unit allows for this in a
Énon-tools` environment.

Simplicity of Operation
In any life-support system it is paramount that general operation
(especially in a task loaded environment) is as simple as possible. This is
partly catered for in the electronic control system to be detailed later.

The SENTINEL` simplicity starts with the complete manual override
capability of the electronic control system. Both oxygen and diluent
can be manually added to the breathing loop via the gas blocks mentioned.
The appropriate levels being monitored on the independent back-up
oxygen display. All gases can furthermore be isolated to stop addition
(manual or automatic) via isolating valves .

The only other interaction with the mechanics required during use is to
isolate the mouthpiece, which is done via a simple — turn valve.

Any excess water entering the system is automatically discharged
overboard or can be manually purged.

The CO2 absorbent canister uses a self-packing system ensuring that
the absorbent material stays tightly packed preventing a bypass of the
material and allowing for rapid pre -dive assembly.

Once the system has been correctly understood and assembled, the diver
simply breathes in and out while monitoring the automatic or manual
injection of gas.

Modularity and Flexibility in operation
The system can be configured with different types of CO2 filter, different
display options, download options and gas types.
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SENTINEL Electronics and Computer systems

The electronics and computer systems have been desig ned with particular
criteria in mind and explained below. Some of these are relatively obvious,
but have been implemented based on the considerable experience and
refinement of designs tested and tried over years of experience with in -
house and third party equipment.

This has produced the appropriate balance between:
 Sophistication
 Ease of use
 Automation / Manual override
 High level /Low level status presentation
 Alarm condition presentation
 Reliability

This ensures the diver is not over burdened with too much information or
controls, while providing detailed status information, if required, to perform
more complex maintenance or emergency procedures.
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Design Criteria
The electronics and computer systems have been designed around six
main criteria:

1. Safety/Reliability
2. Redundancy
3. Maintenance / Serviceability
4. Modularity
5. Upgrade-ability
6. Reprogram-ability and PC interface

1. Safety/Reliability
For obvious reasons, the reliability of the system underwater in providing a
breathable gas and feedback in the system operations are of paramount
importance. Although the diver would routinely carry backup and have
bailout contingency plans, the system wherever possible should provide a
breathable gas in as extreme an environment as is feasible.

The external electronic cables have a double sheath. Cables can be cut or
punctured without risk of flooding or disabling the main control system.
Should any of the front facing displays fail, the in -board control system will
maintain the life support functions, but obviously, functionality wil l be
reduced. If a severed cable results in loss of PO 2 or external readings,
then this will be alarmed for on the active displays.

2. Redundancy
In case of main system failure , the redundancy in providing independent
backup information allows the trained diver to manually control the system
and get out of the water safely.

3. Maintenance / Serviceability
Battery, oxygen partial pressure cell and system status are provided to the
diver, so that these can be changed when the levels fall below design
limits. In particular, the maintenance is simple, and reduces pre/post
service/maintenance times.

4. Modularity
The electronics systems are designed to allow diving with all or only parts
of the available systems connected. For example the unit can be used with
or without the following items:

 Head Up Display (HUD)
 High Pressure (HP) sensors
 Rear facing HUD
 Off-board gas supply plug-ins
 Primary Display
 Backup Display
 On top of this, different diving styles can also be accommodated. For

example only the HUD can be used for diving, with the Primary  display
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or PC link only used for initial system setup. This style has been
adopted for some military or other minimal clutter diving missions.

Upgradeability
This allows different software options to be activated by PIN number. Thus
units can be easily field upgraded should this be required. For example,
use of different diluent gasses such as tri -mix helium gasses can be
activated as an upgrade from Nitrox only systems

Reprogram-ability and PC interface
The software can be fully reprogrammed using a PC  to download the new
versions. This can be done in the field, or back at the factory. This
provides for new features as well as decompression  algorithm or other
diving style rules to be adapted throughout the life of the product. It also
provides a base on which specific customised functionality can be
achieved for different clients with specific diving procedures and styles.
See section Re-programming system. The SENTINEL can also connect to
the PC to download dive data and revise settings within the LSS. See
Download Dives section.



Sentinel Manual V2.2g July 09.doc115

Software and Electronics key functional points
1. Key design issues:

i. Chance of free flow oxygen limited by electronics  design.
ii. Units will turn on and maintain breathable gas in as many

automatic modes as possible to keep operation as simpl e
and intuitive as possible

2. System will turn on:
i. when the unit is breathed
ii. when at depth greater than 6m at 1000mBar atmospheric

¯  1.6Bar absolute pressure. Therefore the turn on depth
will vary with altitude for this mode of operation.

iii. when activated with a Primary display switch

3. System will turn off:
i. When manual turn off selected from front dry screen
ii. After 50 minutes after dive if dry, and not diving and in dry

front screen
iii. After 50 minutes if set point has been turned on,  but still

dry
iv. After 5 minutes if set point not on, and dry

4. Setpoint will turn on:
i. Automatically when dive mode activated
ii. When manually selected from front dive screen

5. Setpoint of 0.4 will be maintained if dive setpoint is not activated.
This means that the unit will keep the gas in the breathing loop
breathable when the unit is on, and the O 2 cylinder is turned on.

6. Unit will go into dive mode:
i. At depth greater than 1.5m when LSS is on .

7. When LSS is off - depth greater than 6m at 1000mBar
atmospheric ¯  1.6Bar absolute pressure will turn the unit on, and
put the LSS into dive mode. Note that this will abort Pre -dive
checks screens ¯  this is not advised, but is included as a safety
feature to ensure LSS is on in as many user error fault scenar ios
as possible. See section Pre-dive set-up for correct turn on
procedure. Therefore the turn on depth will vary with altitude for
this mode of operation.

8. The SENTINEL will warn on the primary  display, and mimic on
the heads up and rear facing displays.
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Main sub-systems
The main features in the electronics and computer systems are:

1. Sensing of Partial pressure of Oxygen  in the breathing loop delivered to
the diver.

2. Firing of Solenoid valve to increase Oxygen level in breathing loop as
required, based on control algorithm in microprocessor software  system.

3. Microprocessor system to provide software  platform for control and
sensing of external devices and sensors.

4. Software system. This has been derived from the VR3  dive computer
system, and thus includes sophisticated features a nd ergonomic design
based on considerable research and development already put into the dive
computer product. This makes for the most featured, integrated and
adaptable LSS product on the market to date.

5. Status / Alarm warning system to provide LCD full s tatus display as well as
separate high level LED display of key parameters.

6. Backup secondary system, separate to microprocessor system, to provide
breathing loop Partial pressure of oxygen display in case of failure  of main
system, and as confidence in main system operation.

7. Battery power supply systems to supply power to the electronics  computer
and oxygen solenoid control systems. An intelligent power sharing system
is employed in the event of a single cell failure.

8. Remote data download and reprogramming system.
9. General ancillary systems monitoring, to provide confidence and

maintenance information.

The block diagram below shows the in terconnectedness of the above
systems.
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Sensing of Partial pressure of Oxygen
 This detects and conditions the current partial pressure of oxygen in

the breathing loop delivered to the diver
 For redundancy and averaging, there are three sepa rate

oxygen cells, each consisting of a standard Class B
Oxygen sensor cell from Teledyne. The output of each of
these cells is buffered to feed both the main electronics
and Backup display.

 In the secondary Backup display, the buffered feeds input
into three separate Digital Voltmeter LCD displays via a
potential divider for calibration purposes.

 Due to the temperature variation and life span of the cells,
calibration has to be carried out periodically. In the Main
electronics this is a software function. In the secondary
Backup display there are individual variable resistor s that
can be accessed via a removable waterproof pressure
cap.

 Of particular note in this design are:
 Dual feed of cell output. If the path to the main electronics

is shorted out, the signal will still be available on the
Backup unit. This also applies vice versa.

 Sensor module in LSS front end can be removed easily without special
tools, to keep the sensors dry and out of adverse conditions when not
diving.

Firing of Solenoid valve
 Firing of the Solenoid valve injects oxygen into the breathing loop to

compensate for oxygen used in the diver`s metabolism. The injection is
based on the control algorithm in microprocessor software  system

 The solenoid valve that adds oxygen from the High-pressure cylinder
into the breathing loop provides a vital role. However, there is also a
manual mechanical addition valve. The worst -case failure scenario for
the solenoid valve is for it to stay open, thereby potentially adding
oxygen to fatal levels. Therefore, considerable design and development
has been put into providing failsafe electronic  circuits that minimize the
chance of the valve staying open in the electronic domain in driving the
device.

 Due to the critical control nature of the solenoid, an additional circuit
detects the solenoid valve fire sequence. This triggers an input port into
the microprocessor giving feedback that the solenoid has been fired
and turned off again within a specified time period. If this signal is not
detected in the correct time period, a warning is giv en to the diver by
flashing the Valve fire LED on the Head Up Display  (HUD), and by
flashing the backlight on the main display, signifying a general alarm. In
addition, if the battery levels fall to cri tical levels, the Valve may not fire
fully. This condition also triggers the Valve fire LED to flash.
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Microprocessor and signal conditioning system
 This provides a platform for the software  system for the control and

sensing of external devices and sensors
 This system uses a very large scale integration single chip micro -

controller. This ensures a high level of reliability, as fewer external
connections are required to make the complete sy stem.

 The micro-controller requires input and output signals to be buffered or
conditioned to adapt them to and from the appropriate format of the
external devices and sensors. Thus amplifiers and buffers are used in
addition to the main controller. These buffers also provide for isolation
of common signals, so that a break or shorting of individual cables,
wherever possible, does not bring down the operation of the total
system.

Software system
 This has derived from the VR3 dive computer system, and thus

includes sophisticated features and proven ergonomic design based on
considerable research and development already put into the dive
computer product. This makes the most featured, integrated LSS
product on the market. Features include:

o Cell level monitoring / auto or manual disable of non -calibrated
sensor

o Data and Alarm Logging
o Decompression software
o Diver gas setup feature, available also when div ing
o Full on screen dive data, including:

 Depth
 Dive Time
 Decompression Requirements
 Optimum gas advice
 Maximum depth
 Temperature
 CNS toxicity
 PO2 monitoring

Main Display, Status and Alarm warning system
 This provides a primary LCD full status display as well as separate

high level HUD LED display of key parameters, rear PO 2 display, and
a vibration motor mounted in the HUD

 The primary user interaction is through a back lit LCD display and
two reed switches, which can be used underwater. These provide
access to all functions and all mission critical status information is
available through accessing screens and sub -screens.

 The backlight can be setup up to work in five ways, ON for 10
seconds after any switch press, ON after a switch press when diving
only, OFF always, ON mode when diving only, and timer mode when
diving only. The brightness of the backlight creates a very even light
that allows viewing under all external light conditions.
o A separate LED display module provides 4 LEDs that reflect the

status of key diving and system parameters. This has been
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designed small enough to be used as a Head Up Display  (HUD).
This is particularly useful as a basic GO/NO GO guide. The
LEDs represent status of:

 Partial pressure of oxygen breathability
 Decompression stop requirement
 Solenoid valve fire
 General alarm for problem with any other sub -system, e.g.

battery, High Pressure gas supply
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The SENTINEL has a display on the side of the unit that clips onto the rear
of the breathing hose. This mimics the HUD  LEDs. This gives information
to the dive partner, thus providing extra support and confidence in system
operation among the dive team.
A Vibration motor provides warning at the HUD /mouthpiece, and is used in
conjunction with the LED and LCD scree n alarms. The vibration alarms
can be disabled from the primary  LCD display unit. A vibration motor has
been used in preference to a buzzer, as other noises often detract from the
audibility of the buzzer. Also the vibration can still be effectively felt by the
diver in cases where hearing may have been significantly impaired.

Backup secondary system.
 This system is separate to the microprocessor system to provide

breathing loop Partial pressure of oxygen di splay in case of failure of
main system, and as confidence in main system operation.

o This display is designed with a completely different component
set to the main electronics. It also has no software. Therefore,
the possibility of it failing under the same conditions as the main
electronics is much reduced. Three separate Digital Voltmeter
LCD displays are used in-conjunction with variable resistors as a
potential divider used for calibration purposes.

o Due to the temperature variation and life span of the cells,
calibration has to be carried out periodically. Fitted on the
electronics head there are individual variable resistors that can
be adjusted via a non-removable waterproof pressure cap.

o On the display unit  there are two switches, which allow:
 The unit to be turned on for approx 10 seconds
 Provide a bypass of the calibration circuit, to check on the

raw milli-volt reading from the Oxygen cells. This allows a
check on the health of the cells, based on a specified
acceptable range for a given oxygen level from the
manufacturers

Remote data download and reprogramming system
 Incorporated into the design is the ability to commun icate with the LSS

from an external device. This allows retrieval of dive data from the LSS,
and the re-programming of the complete system. This provides for the
following key features:

o Retrieve dive profile data including:
 Depth
 Temperature
 Partial pressure of inspired oxygen
 Time
 Gases used
 Time and Date and Duration of dive

The Divers response to HUD alarm lights and a vibrating mouthpiece
should be to check the SUM screen.
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 Battery levels
 High Pressure contents
 Alarm conditions

 Upload gas and system setup data to LSS from a PC. This is useful on
projects where a number of LSSs may need to be set up to identical or
similar states. Also the tracking of exactly how the LSSs are setup is
maintainable on a PC log.

 The software in the LSS can be completely changed and upgraded
using the reprogramming capabilities of t he on chip Flash
reprogrammable memory on the Micro -controller. This also provides a
sophisticated system to create specific versions tailored to individual
client needs.

General ancillary systems monitoring
 This provides confidence and maintenance  information on all the

support systems in the LSS.
o Monitoring of the following signals provides feedback to the diver,

both while diving and during preparation on the surface, as to
the condition and content of the resources used by the syste m
during the dive:

 Main Battery Level for Electronics system operation
 Reserve Battery for main electronics in case of Main

battery failure
 Current Depth or Atmospheric  reading
 High pressure content of Oxygen cylinder
 High Pressure content of Diluent  cylinder
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Failsafe of oxygen addition valve
This section provides a detailed description of the ways in which the
solenoid valve operation has been considered in various failure  modes.

The oxygen addition solenoid valve  allows the micro-controller system to
automatically add oxygen to the breathing loop when th e detected Partial
pressure of oxygen level falls below a configurable target level.

The oxygen addition valve has two main failure types:

 Valve stays permanently shut
 Valve stays permanently open

These scenarios are discussed below:

 Valve stays permanently shut
From a diver safety point of view, a permanently shut valve  causes a
gradual decrease in oxygen level that is warned of in the display systems.
This failure scenario can happen due to a n electronics failure, or a
mechanical failure of the valve. This failure mode is gradual, and a diver
has time to sort out this by using the manual  addition valve on the LSS rig.
This manual valve has no connection to the electronics micro -controller
control system, so is isolated from any impacts of electronics failure.

 Valve stays permanently open
This failure scenario can cause a rapid increase in the partia l pressure of
oxygen level, which can cause the diver to quickly become incapacitated
and ultimately die. This failure type could be caused by a mechanical  or
electronics failure. Due to the rapid nature of the onset of diver problems
from this failure type special attention has been given to reduce the risk of
this type of failure from an electronics and mechanical standpoint. The
following list gives the potential scenarios and methods for reducing the
probability of failure:

Valve stuck open due to debris under the valve  mechanism
This has been guarded against by the installation of a filter in the O 2
addition line. However, should this still happen, the diver can shut off gas
using the main cylinder shut off ¯  see below.

Software and Electronics drive circuit failure.
This has been guarded against by a failsafe electronic circuit that ensures
no single component failure can force the valve to stay  on.

In the event of either of the above failures happening, despite the system
precautions, the diver can shut down the oxygen supply by turning off the
oxygen supply at the main cylinder. Alarms  on the HUD, Rear facing O2
display and Main display will show high Partial pressure O 2 warnings, and
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the backlights will flash. The piping system has been designed with a
minimum of reservoir, so that turning off the cylinder O 2 supply will quickly
stabilise the O2 level. The diver can then add diluent to bring the O 2 back
down to safe limits.
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Oxygen sensor care
Post dive, the oxygen sensors can be removed from the LSS in a group or
individually and kept in a warm dry place before using again. Basic care
includes;

 Never store sensors for long periods before use.
 Never subject sensors to high temperatures i.e. (Car rear shelf).
 Never freeze sensors (left in cars overnight).
 Never subject sensors to physical shocks.
 Never subject sensors to vacuum.
 Never submerge sensors in liquids.
 Never attempt to open a sensor.
 Sensors deteriorate very slowly and near the end of their useful life

may show a drift soon after calibration. Sensors should be checked
periodically in 100% Oxygen.

Water and corrosion on the sensor jack plug may give false PO 2 readings.
Seawater may dry leaving a deposit on the jack connectors and the sensor
membrane. Always leave the sensor jack locking ring finger tight on the
sensor socket. If you suspect corrosion, unscrew the jack plugs  from
the sensors and clean the plug on the end of the cable with a cloth
and/or white vinegar.

Check the sensor membrane. A certain amount of moisture will always
appear on and around the sensors. If you suspect excessive water has
made contact with the sensor faces, rinse with fresh water. Remove
excess water carefully with a paper tissue and leave to dry in a warm area.
If the jack socket on the sensor is wet the sensor may be damaged as the
electronics inside the sensor will also be wet. Wash out with f resh water
and leave to dry out in a warm area. If all the salt is removed corrosion
may be prevented.

Upon reassembly, check the calibration of the sensors before diving ,
by flushing the loop with air .
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The mixing ration for Virkon× is one 50g sachet will make 5 litres of
disinfecting solution. Parts should be soaked for between 5 and 10 minutes.

Tap water is a suitable temperature for use with the solution. Do not use
with water above 50 degrees centigrade.

The use of any other disinfectant may damage the
component parts of the rebreather , in particular the

mushroom valves.

Disinfecting
To avoid the chance of infection, as a minimum the breathing hoses and
mouthpiece should be cleaned with fresh water after a dive.

The recommended disinfectant product for the SENTINEL is Virkon×.

Any disinfectant used must be;

Virucidal
Fungicidal
Bactericidal
Turberculocidal
Fast acting
Biodegradable

Items to be disinfected are;

 The mouthpiece and hoses
 The counter-lung
 The canister tube and all its` internal components

Basic disinfecting can be conducted by making up a solution in the correct
quantities and soaking or wiping the part with the solution. Rinsing
instructions are included with the Virkon× handling instructions.

Please make sure you read the safety information on Virkon× before using,
this can be found at http://www.day-impex.co.uk/virkon_powder.pdf .

http://www.day-impex.co.uk/virkon_powder.pdf
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CO2 absorbent storage
Once a CO2 canister has been packed it should remain so. Do not attempt
to remove absorbent from a part used canister and dry, refurbish or re -
pack the absorbent in any way.

After a dive and providing the absorbent canister remains in a sealed state
(i.e. within a closed LSS loop) i t may be used again until the limit of the
absorbent timer is reached. Storage for more than 24 hours is not
recommended and used absorbent or absorbent removed from the
canister should be discarded.

Handling Absorbent
CO2 absorbent may cause burns to eyes and skin. First aid treatment is as
follows;

1. Inhalation
a. Remove from exposure. Seek medical attention.

2. Skin
a. Drench with clean water and seek medical attention if skin

becomes inflamed.
3. Eyes

a. Irrigate thoroughly with clean water. Seek medical att ention.
4. Ingestion

a. Wash out mouth thoroughly with clean water or a mildly acidic
drink. Seek medical attention.

Always fill canisters in a well -ventilated environment. Avoid contact with
eyes and skin.

Repairing a counterlung
In the unlikely event of major counter-lung damage it will need to be
returned to the factory for repair, especially if a seam becomes damaged.



Sentinel Manual V2.2g July 09.doc127

Safety Design Criteria
Functional Safety as set out in IEC 61508 and related safety issues have
been of particular importance in designing the SENTINEL LSS. Of
particular relevance has been the considerable diver input on types of
failure and user error within LSS systems, both in the mechanical and
control systems. From this direct hands -on information, safety systems
within the SENTINEL are higher than on any other current LSS. On top of
this, safety design has been the driving force behind the SENTINEL, to be
as forgiving as possible to diver error, and to component failures. From this
point of view, this section includes safety considerations that the
manufacturers have employed to provide the safest, most intuitive and
user-friendly LSS currently commercially available.

The safety concept of the SENTINEL LSS is to ensure that no single
failure of electrical or electronic or programmable electronic device or
system will cause failure of the complete system.

From this concept and scope definition, the following hazards and
associated risks have been analysed. The manufacturer`s analysis has
highlighted the following areas where the electronic and software systems
affect the operation of the system:

Item Description
1 Solenoid valve operation
2 PO2 sensor operation
3 Main electronics hardware
4 Main electronics software
5 Primary Display
6 Cable interconnect systems
7 Batteries

These items have been analysed with particular relevance to known LSS
failure scenarios listed below:

Item Description
1 O2 addition valve stays open causing extremely high PO 2.

This causes diver to convulse.
2 No O2 addition due to valve failed shut. This causes

gradual reduction in PO2, and eventually blackout.
3 HP O2 not turned on
4 HP diluent not turned on
5 CO2 canister stack time exceeded
6 Battery Failure
7 Cable breakage
8 Electronics flooding

From this, the following table of failure and error scenarios summarises the
analysis.
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Table of Safety and Functionality safety failure modes

Item Part Function Failure Mode Solution
1.1 Solenoid

valve
Add O2 to
breathing loop

Jammed open
by dirt in HP
gas

HP O2 high flow rate. General
Alarm advised to diver on HUD,
vibration motor and primary display.
The rear O2 display/advises a
buddy of alarm and PO2. Diver can
then manually turn off gas using O 2
isolation valve.

1.2 Solenoid
valve

Add O2 to
breathing loop

Jammed closed
by mechanical
failure

Reduction in PO2 cell readings. PO2
Alarm advised to diver on HUD,
vibration motor and primary display.
Diver can then manually add O 2
using manual O2 addition valve.
The rear O2 display/advises a
buddy of alarm and PO2.

1.3 Solenoid
valve

Add O2 to
breathing loop

Software error
causes
software to
continually add
oxygen.

Electronic hardware uses charged
capacitor to fire valve. This charging
is interlocked so that when firing,
the charging circuit is removed.
Therefore the valve can only fire
electrically for a maximum of 2
seconds.

1.4 Solenoid
valve

Add O2 to
breathing loop

Water ingress/
flooding of
main
electronics.

Electronic hardware uses charged
capacitor to fire valve. This charging
is interlocked so that when firing,
the charging circuit is removed.
Therefore the valve can only fire
electrically for a maximum of 2
seconds.

1.5 Solenoid
valve

Add O2 to
breathing loop

Cable failure Electronic system monitors a
feedback signal from the solenoid.
In case of cable break, electronic
circuit will detect failure to receive
the signal. Valve Alarm advised to
diver on HUD, vibration motor and
primary display. The rear O 2
display/advises a buddy of alarm
and PO2.

2.1 Main
electronics

Software and
hardware to
operate
automatic
oxygen
addition,
decompression
software and
user control
interface

Software crash Watchdog system will restart
electronics. Default operation
values suitable for basic operation.
HUD and primary display functions
will be lost while unit reboots. D iver
should use Backup display device.
However, diver should abort dive,
using Backup display for po2
information. Auto O2 addition should
be turned off using isolation valve.
Manual addition of O2 should be
used.
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Item Part Function Failure Mode Solution
3.1 Primary

display
User interface
for viewing and
inputting data.

Cable break,
Primary display
flooded.

Water ingress inhibited from entering
main electronics by potted cable
junction box at bottom of main
electronics. HUD continues to give
diver PO2, Decompression, Valve fire
and general alarm information. Backup
display continues to give PO 2
readings.

4.1 HUD 4 LED user
interface to view
status of: PO2,
Decompression,
Valve fire and
general alarm

Cable break Primary display continues to operate
independently of HUD. All lines are
buffered and cannot cause failure of
overall system in either short circuit or
open circuit failure scenarios. The rear
O2 display/advises a buddy of alarm
and PO2.

5.1 Main
Battery

Supplies power
to valve control
system and
Main electronics
software circuit
board.

Failure of main
battery

Before failure, low battery warning on
HUD and primary display will be
shown. On main battery failure, the
HUD and main electronics software
system will continue to operate.
However, the valve will not fire. Low
Battery Alarm advised to diver on
HUD, vibration motor and primary
display. The rear O2 display/advises a
buddy of alarm and PO2. The system
should then be controlled using the
manual O2 addition valve. The Backup
display should be used to check
primary display readings are still
correct.

6.1 Reserve
Battery

Supplies power
to Main
electronics
software circuit
board if main
battery fails.

Failure of
reserve battery

If Main battery is operational, then all
systems will continue. If main battery
also failed, then main system will fail
completely. Backup secondary display
system will continue to operate as it
has a further independent battery.

7.1 PO2 cells 3 oxygen po2
cells provide
oxygen partial
pressure signal
to main
electronics and
Backup
electronics

Failure of
single cell

Software logic disables any single cell
that is out of range compared to the
readings of the other two. Backup
display shows all readings. Backup
display also shows mV reading to
check actual level independently of
calibration factors. Bad cell Alarm
advised to diver on HUD, vibration
motor and primary display. Backup
system is passively fed from PO 2 cells.
Failure of buffering electronics to main
electronics will not disable Backup
display readings.
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Item Part Function Failure Mode Solution
7.2 PO2 cells 3 oxygen po2

cells provide
oxygen partial
pressure signal
to main
electronics and
Backup
electronics

Failure of two
cells

Software logic disables any cells
below or above operational range.
Backup display shows all readings.
Backup display also shows mV
reading to check actual level
independently of calibration factors.
Feature in diving screen allows
diluent flush PO2 level check to
determine which cells are following
correct reading of diluent PO 2 at
current depth. Bad cell Alarm
advised to diver on HUD, vibration
motor and primary display.

7.3 PO2 cells 3 oxygen po2
cells provide
oxygen partial
pressure signal
to main
electronics and
Backup
electronics

Failure of three
cells

Primary and Backup systems w ill
fail to show correct PO2. However,
an option of a fourth cell allows a
further independent PO2 measuring
device to be used.

7.4 PO2
buffering
pcb

Amplifies PO2
cell reading to
send to Main
electronics.
Resistor only
passive buffer
for cells to
Backup

Failure of
electronic
circuitry, or
cable breakage
from Centre
Section to main
electronics

Bad cell Alarm advised to diver on
HUD, vibration motor and primary
display. Backup system is passively
fed from PO2 cells. Backup display
will continue to operate. Failure of
buffering electronics to main
electronics will not disable Backup
display readings.

8.1 Backup
display

Provides
calibrated PO2
display and raw
mV display

Failure of
electronic
circuitry, or
cable breakage
from Centre
Section to
Backup display

Backup display will fail. Main
electronics system will continue to
operate and show PO2. PO2 cells
are buffered before leaving the
Centre Section, so that any cable
failure, either open circuit or short
circuit will not cause failure of other
parts of the system.

9.1 High
pressure
O2

High pressure
O2 cylinder
sensor

HP O2 not
turned on

Low O2 HP warning. Low HP Alarm
advised to diver on HUD, vibration
motor and primary display.

9.2 High
pressure
Diluent

High pressure
Diluent cylinder
sensor

HP Diluent not
turned on

Low Diluent HP warning. Low HP
Alarm advised to diver on HUD,
vibration motor and primary display.

9.3 High
pressure
O2

High pressure
O2 cylinder
sensor

HP hose failure Low HP warning or high usage rate.
HP Alarm advised to diver on HUD,
vibration motor and primary display.

9.4 High
pressure
O2

High pressure
Diluent cylinder
sensor

HP hose failure Low HP warning or high usage rate.
HP Alarm advised to diver on HUD,
vibration motor and primary display.

10.1 CO2
canister
stack time

Absorbs CO2
from exhaled
gas

Usage time
exceeded

Software timer alarm ¯  Canister
duration Alarm advised to diver on
HUD, vibration motor and primary
display.
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Item Part Function Failure Mode Solution
11.1 Rear O2

display and
Alarms
indicator

Displays PO2
and 4 Alarm
LEDs to buddy

Primary and
Hud systems
fail, or diver
does not act on
alarm

The rear O2 and Alarm display
gives information to the divers
buddy on correct system operation.
The buddy can see PO 2 and
Alarms, so can check on the diver
should any problem be spotted by
the buddy rather than the diver.

12.1 Complete
System

Run LSS User forgets to
turn unit on
before diving

Wet contact automatically turns unit
on when entering water

12.2 Complete
System

Run LSS User forgets to
turn unit on
before going in
chamber

Depth sensor checks current
external pressure every minute. If
the pressure is above 1.6 bar, the
unit will turn on automatically.

From the analysis, there is only a single control function that the software
performs:

 Fire solenoid when the PO2 is below the required setpoint

All other tasks are subordinate to this and essentially do not directly
perform functions absolutely necessary to the LSS.

From a user perspective however, there is desire to have increased
functionality, for example, to control the set point during the dive and prior
to diving.

Also from an ease of use point of view, other functions such as
decompression algorithm, dive profile downloading etc.. have been
incorporated into the software design.

Safety information has been added to the SENTINEL LSS by monitoring
other external parameters and building software and hardware systems
that give as much clear information as possible to the diver that the rest of
the support hardware, such as high pressure cylinders, is ope rating
correctly. The incorporation of automatic devices run by the software to for
instance turn on the high-pressure cylinder if the user forgets, could be
incorporated. However, this would create a level of complexity and price
far above that currently expected by divers, so we are instead promoting
the ethos ¯  Keep It Simple.

Therefore, although functional safety system interlocks in the purist
interpretation of the ISO standard could be far more extensive, we at this
stage have used the sensor informa tion and software analysis to alert the
diver, rather than directly control devices and systems in the LSS. This is
considered a safer approach than over complicated expensive failure
interlocks that could themselves cause dangerous scenarios in case of
failure.
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Programmable Systems
The programmable systems in the SENTINEL LSS have been developed
with reference to the management control and product design
requirements of ISO technical reference documents ¯  ISO/IEC 12207 and
IEC 60300-3-6/60300-2.

The in-house procedures have taken the programmable systems design
and overall product design to levels of user performance, maintainability
and reliability never previously available in a LSS product.

Furthermore, coupled with the mechanical aspects of the LSS system
design, the SENTINEL can be operated independently of the electronics
and software system in the event of catastrophic failure of the main
electronics control system.

From an overall design perspective, the SENTINEL ha s used the
Dependability design issues of the ISO standards in all aspects of the
product design, including mechanical, electronic hardware and software.

The Dependability programme has ensured that revisions to software and
associated electronics systems have been developed in a controlled loop
of planning, design, implementation and testing.

At each software level stage, extensive testing involving bench testing,
user dry testing and finally diver trials are conducted to ensure a quality
level commensurate with the needs of divers.

The design and testing are conducted within a management framework
that provides direct control over the software and product development
process. This ensures that requirements and specification changes are
understood by all parties, and tested extensively by the software and diver
development teams before being put into a release for third party divers.

The software, hardware and mechanical systems have been developed
using a small team of highly experienced staff. Manufa cturing and
prototyping tasks have been sub -contracted out to third party specialised
manufacturers. Critical parts such as PCB assembly are subcontracted to
firms with ISO9000 QA certification. Off the shelf parts are supplied by
ISO9000 certified companies. The SENTINEL Manufacturer is currently
undergoing ISO9000 certification.

Key to the SENTINEL development has been testing and design feedback,
to develop the requirements beyond that of the original design criteria.
Unlike many current software projec ts in the IT domain, the SENTINEL
specification was not fully realised until testing and development of new
ideas had been carried out. Diver input from use of previously existing
product defined some of the improvements that would be important to a
new design. However, testing and then further refinements of these ideas
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were developed over a period of time. Thus the full specification has grown
with the product design implementation, and this has been managed within
a Dependability Programme.
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Software Implementation
The processes within the software architecture of the SENTINEL have
been summarised in the diagram below:

PPo2
Setpoint

Valve
Control

Alarm
conditions

PO2
sensor
inputs

HP
sensor
inputs Diving/

Surface
Mode

Status and valve
drive control

checking.
Sensor reading.

Interrupt Driven
system

Depth
sensor

Battery
Status

HUD
Display

Sleep mode
System
wakeup
checks Main

Display

Rear
O2 and

HUD
Display

Background
Analysis of Status
to drive Displays/
Alarms and Diving

operational
modes

User Menu /
Mode and
operational

configuration
Parameters

Vibration
Alarm

Decompression
Algorithm

Watchdog
Timer

User
Switches

Wet
contacts



Sentinel Manual V2.2g July 09.doc135

Software Processes
The items in yellow are given the highest priority in softw are to ensure the
unit is on and able to drive the solenoid valve, independently of other
menu and user operation functions. In accordance with the Dependability
programme, the software systems have been developed to maintain
operational separation of the control and status systems from the
background tasks. Main control systems such as valve firing are achieved
using an interrupt based timing system. Below is an interrupt priority table,
showing some of the main tasks with the highest priority tasks at the  top.

Priority Tasks
1 Valve Firing, Status checking, Alarm driving
2 Analog to digital input conversion
3 Action changes from user
4 Display updates
5 Decompression Algorithm update
6 Telemetry functions

The operation of these functions has unde rgone significant bench testing.
Over 10,000 hours bench test time has been performed testing overall
reliability, functionality and endurance. At each stage this has been
followed up with extensive dry user trials, testing the functionality and
robustness of the software systems to different user knowledge and
operating idiosyncrasies. This has then been followed up with underwater
trials, incorporating divers with different knowledge and operational
requirements. Feedback from these tests has then gone in to design
reviews. These are then implemented, and the trialling and testing
processes repeated.

Further unmanned chamber trials have been performed to optimise system
operations in a controlled environment, to ensure and improve all
functionality of the system, including software control systems.

These reviews are also analysed using FMECA, resulting in a rigorous
analysis and design review specification.

Coupled with this, the core of the main electronics processing is achieved
using the software and hardware used in the Delta P VR3 dive computer,
which has over 4000 users and over 500,000 accumulated dive hours
performed using it.
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Vision Test
Your eyesight must be checked before using the SENTINEL LSS.

Wearing your normal diving mask can you read  all the characters from
40cm (16 inches) away.
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Glossary of Terms

Term Description
HP High Pressure gas circuit (232 bar)
O2 Oxygen
CO2 Carbon Dioxide
He Helium
Dil Diluent ¯  Gas used to dilute

oxygen in breathing loop
Canister The container for the CO 2

absorbent
Electronics head The top section of the LSS that

houses the electronics and where
the counterlung attached

Gas block The unit which manually bypasses
the automatic gas addition system
and provides an input for external
gases

OPV The balanced over pressure valve
found in the removable base of the
unit

LP circuit The low pressure (10 bar) gas
circuit

Isolator/shut-off The ADV and solenoid gas shut -
offs

ADV Automatic diluent addition valve
Solenoid The oxygen solenoid
PO2 / PO2 / PP Partial Pressure of Oxygen
OTU Oxygen Toxicity Unit
MOD Maximum Operating Depth
M Meters
Ft Feet
mV Milli-volt
V Volt
HUD Heads Up Display
Backup/Secondary Separate oxygen display, separate

from the main electronics
Bar Measurement of Pressure in SI

units
mBar Milli-bar
PSI Measurement of Pressure in

imperial units Pounds per square
inch

LED Light Emitting Diode ¯
semiconductor device that gives
out light. Can be different colours.
Very reliable compared to light
bulbs.
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LCD Liquid Crystal display
IC Integrated circuit
VLSI Very Large Scale integration ¯

used to describe very large ICs.
PIN Personal Identification Number
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Warranty
The SENTINEL is warranted for the first owner for 12 months from date of
purchase

Conditions:

All warranty work must be authorised by VR Technology Ltd.  Before
returning the apparatus for any reason, please telephone the factory for
advice.  If it is deemed a factory repair is required the apparatus should be
returned, postage and insurance paid, with a copy of the purchase receipt,
directly to the factory or dealer.

 Misuse, neglect or alteration renders all warranties null and void.
 The use of non VR Technology Ltd. approved accessories is not

recommended and may invalidate your warranty.
 This warranty is not transferable.

Your statutory rights are unaffected.

Exclusions

 The batteries are not covered by the warranty.
 The oxygen sensors are not covered by the warranty, they will need to

be replaced every 12-18 months or sooner depending on the pp02 they
are stored in and the hours of use

 The counter-lung is not covered against puncture.
 Disinfecting with anything than the recommended disinfectant in the

recommended dosages may damage the unit.

All products are sold only on the understanding that only English Law
applies in cases of warranty claims and product liability, regardless of
where the equipment is purchased or where used.
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SENTINEL LSS General Specification

The following is the provisional specification for the production Sentinel .
This is subject to change without prior notice.

General
Maximum tested depths (breathing). 40m, air diluent. 100m Heliox 2 /98.
Maximum tested depth (housings). 130m as per EN14143.
Recommended absorbent. Sofnalime 797 grade.
Year of Manufacture. 2008.
Manufactured standard. EN14143
Operating temperature range.

+4 degrees to + 32 degrees centigrade.
Short term air storage (hours)

-10 degrees to +50 degrees centigrade.
Long term air storage (days)

+5 degrees to +20 degrees centigrade.
Replacement Oxygen Sensors Teledyne R17D

 Breathing loop
 Canister

o Size options:
o Type A.   2.2kg/4.8lb.  Duration = 3 hours to 0.5% CO 2. 40m.

40l/min @1.6l/min CO2. 4 Degrees C.
o Type B & C (solid fill systems) have yet to be specified as and

when they are available.
 Counter lung

o Volume Approximately 4.5ll
o Rear mount single lung configuration
o Material polyurethane

 Gas injection (level dependant)
o O2 Automatic ¯  solenoid valve
o O2 manual ¯  over shoulder injection block with additional

external O2 cylinder input capability with version 3 isolator.
o Diluent Automatic addition
o Diluent Manual addition ¯  over shoulder injection block, with

additional external diluent input capability. Version 3 with isolator.
 Water dump ¯  automatic dump valve
 Over pressure ¯  automatic dump valve
 Hoses High impact resistant rubber

 High pressure
o Diluent cylinder ¯  capacity 2 or 3 litres, 232 Bar, 15 or 20cuft,

3400PSI
o O2 cylinder ¯  capacity 2 litres, 232 Bar, 15cuft, 3400PSI

 Other sizes can be fitted
o DIN fitting

@1.6l
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o Internal small bore 3mm, 1/8ˇ stainless high pressure  piping and
LP hosing

o 20micron oxygen filter to protect solenoid  from debris ingress
o Solid state digital electronic  high pressure sensors to feed

content and usage rate information to main electronics

 Electronics Control and display system
o Central canister

 3x po2 cell pre-processor board in central canister
 Nominal 10mV O2 sensor
 Passive split to Backup/Main electronics
 Active amplification of feed to main electronics

o Primary Display ¯  full control and detailed system setup
 Diluent setup
 PO2 setpoint setup
 Alarms setup
 Log book
 Gas profiles
 Dive plan
 Open circuit bailout
 Simulate
 PC link
 High pressure ¯  O2 and diluent displays
 Sensor calibration and ON/OFF/Auto select of individual

sensors or all
 Summary of system values and alarm status
 Decompression requirements
 Game
 Calendar
 Altitude/Atmospheric pressure
 Main dive screen ¯  depth, time, Total time to surface,

PPo2, Setpoint, Deco graph,
 In water dive profile
 Backlight

o Head Up Display HUD
 See general alarms table

o Backup display system
 Shares PO2 cells in central canister
 Provides total software independent voltmeter and

normalised PO2 readings on LCD digital voltmeter for
individual oxygen cells

 Backlights
 Independent battery-rechargeable lithium
 Lithium Thionyl Chloride battery preferred ¯  approx 40hrs

continuous operation
 20 second on timer to conserve battery
 Low battery warning LED

o Main electronics
 Battery ¯ Primary
 Battery ¯ Backup



Sentinel Manual V2.2g July 09.doc142

 Power sharing available in the event of a cell failure
 Valve drive ¯  proof against single component failure

causing solenoid valve continuous operation. Valve
failsafe normally closed and in-line valve filtration fitted.

 16 bit Microprocessor control system
 Damage to any single external cables will not cause

catastrophic failure of main electronics
 DC to DC converter system to extract maxim um

performance from batteries
o Integrated depth sensor
o Turn on mechanism:

 Primary display reed switch
 Breathing detector
 Depth reading > 1.5metres measured on depth sensor

o In system re-programmability
o Connection to main canister  PO2 sensor
o Full data downloading of all system parameters and data logged

information
o Data record rates are a minimum resolution of 1 0 second.

 Solenoid Valve
o 1.5 watt, 12 volt
o 15bar+ rated

 Mechanics
o 4 point harness system
o Integral weight system
o Integral BCD
o Steel backplate system
o Plastic covers

 Breathing performance
 The LSS meets EN14143 in all of the breathing performance test

criteria with the exception of;

Test Excess
1. Pitch +90 (75l/min) 40m, air. 2.3mb inhale/4.4mb exhale
2. Pitch +0 (75l/min) 40m, air . 7.7mb exhale
3. Pitch +90 (75l/min) 100m Heliox 1.21mb exhale
4. Hydrostatic -90 and +180 4mb and 13mb respectively
The hydrostatic error is to be expected of a back mounted counterlung
design and can be compensated for by the diver by adjusting the loop
volume. The +90/0 errors (1,2) are discussed in the canister design detail
within this manual.

This rebreather has been tested to a maximum of 100m with
a Heliox diluent as per EN14143.

The pressure housings have been tested to 130m as per EN14143.
While the rebreather may continue to function and provide depth/time, PO2

and decompression information past this depth,
the structural integrity cannot be guaranteed.

 Use outside of these parameters increases risk of personal injury.
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Shipping
The SENTINEL requires an export license if shipped out of the country of
use whether new or second hand.

There is an exception to this for perso nal use detailed in DTI guidance
Section 8A 002q, which allows the export for personal use when
accompanied by the user. For the latest information on this contact
http://www.dti.gov.uk/export.control/

Individual countries will have their own export requirements and it is up to
the user to investigate these.

http://www.dti.gov.uk/export.control/
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Notes.
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SENTINEL LSS

Electronic Bailout Scenario Chart
Failure mode Loop Primary Backup Sensor status Solenoid

fire
PO2/FO2
display

Action Deco will
follow

None Usable loop All sensors
OK

All sensors
OK

Y,Y,Y Y On-board PO2
+ screen saver

None. Stay on
LSS

On-board, 3
sensor
driven PO2

Bad sensor
connection
between
sensors and
main electronics

Usable loop All sensors in
error

All sensors
OK

Switch
sensors to;
D,D,D

N Fixed Po2
display (fixed
setpoint) plus
screen saver

Set fixed
setpoint on
Primary and
use manual
addition and
backup display.
Stay on LSS

Fixed
setpoint in
on-board
computer

Bad sensor (s).
2 max.

Usable loop Some
sensors OK

Some
sensors
working

Computer will
disable (N)
rogue sensors

Y On-board PO2
+ screen saver

None. Stay on
LSS

On-board
computer will
follow
remaining
sensors

Bad sensor (s).
2 max.

Usable loop Some
sensors OK

Some
sensors
working

Switch bad
sensors (2) to
D

Y On-board PO2
+ screen saver

None. Stay on
LSS

On-board
computer will
follow
remaining
sensors

Water
ingress/High
CO2

Unusable loop All sensors in
error

All sensors in
error

Irrelevant N FO2 + oxygen
sensors are
visible on O2
screen.

Switch
computer to
open circuit and
bailout.

On-board
Open circuit
computer
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Notes
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 ProLink PC Download software

ProLink SENTINEL Download PC Software Manual



Sentinel Manual V2.2g July 09.doc148

Getting Started
Follow the steps of section 2 and 3 to make sure you have all the basic
software, hardware and configuration setup correctly.

PIN numbers, Software and Hardware
Follow the steps below to ensure you have all software and hardware
needed to download your SENTINEL dives to your PC.

PIN number for your SENTINEL to enable dive downloading. This is an
option, and is purchased from Closed Circuit Research. You need your
Serial Number to give to the LSS support staff. A payment is also required.
They will then give you the PIN number to unlock your SENTINEL
downloading capabilities.

The Hardware interface has to be installed properly according to the
instructions supplied with the unit. There is a driver supplied on the
installation disc that needs to be installed for the device to work properly.
See the Installing Hardware driver section.

Download and install the latest ProLink software from the
www.CCRB.co.uk web site. Or, if you have a disc with the ProLink
software, insert the disc now. This may be the same disc as that with the
Hardware device driver on. (For existing users, backup any already
downloaded dives from your C:\Program_Files\LSS\PC_OurobRel1\old to
another directory before uninstalling any existing ProLink software.)

The software will only run on PCs operating under the Windows XP
operating system.

Once you have done all of the above, yo u have all the software and
hardware needed to connect your SENTINEL to the PC. Check through
the next steps to see all the steps required to put the SENTINEL into the
correct mode for downloading.

www.CCRB.co.uk
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If Run the ProLink software now. Follow the on scr een tips that appear at
start-up to ensure all steps have been completed.

The ProLink PC software will then scan for which port it detects the
signature from the SENTINEL. As you can see, all stages in the above
processes must have been performed correct ly to achieve a connection.
This can initially be a complicated process if unfamiliar with USB interface
devices, but once done, is easily repeatable.

Once connected, the word Connected appears in the PCLink screen of the
ProLink PC software. A list of d ives in the SENTINEL will then
automatically be shown. See the next section for downloading dives. See
section 1 for trouble shooting connection problems.
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Downloading Dives

Once all the above steps have been completed, the dives can th en be
downloaded from the SENTINEL to the PC. Three options are available
from the PC Link screen on the ProLink software. Download Latest dives
only, Download All dives, and Download selected dives. To select a dive
click it in the dive list.

Prior to downloading dives, the Dive name can be typed in on the PC Link
screen in the Dive Name text box. It is advisable to use a name that
relates to where that dive was done. The number of the dive will be
appended to the dive name. Dive 1 in the list is the lat est dive.

Download All Dives. This gets all dives from the SENTINEL, even if you
have already downloaded them, and adds them all to the dives. Thus you
will get dives repeated in the dive list. However, it is an easy way to put all
dives into the dive list when using the link for the first time.

Download Latest dives only. This option only downloads dives that are not
already in the dive list database. The software checks the start time of
each dive in the SENTINEL against dives in the database. If that  start time
already exists, then it marks the dive yellow indicating it is already in the
database and does not need downloading. The "Download Latest dives
only" downloads dives with start times not in the database. This is normally
the easiest way to add dives to the dive list database.

Download Selected dives. This allows individual dives to be selected,
whether old or new dives, and puts them into the dive list database. Dives
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already in the database will not be overwritten. All dives will be added to
the end of the database.

Extra ProLink connection features
From the PCLink screen, other parameters can be edited and uploaded to
the SENTINEL. These are activated by clicking on the icons at the bottom
section of the screen.

Data record interval setting . The interval at which
the SENTINEL records data can be adjusted. The longer the interval, the
more dive hours of data will be recorded before it starts to be over written.
However, the shorter the interval, the better will be the resolution of events
during the dive. 10seconds in the default setting. To change the value,
type in a new interval into the text box inside the Send Record Interval icon.
Then Click the icon to send this new data. The Get Record interval icon is
used to read the current interval from the SENTINEL.

The Pin send icon  allows new PIN numbers to be sent to the
SENTINEL. This is a quick update method, but performs the same task as
manually entering the PIN number directly on the SENTINEL PIN menu
option.

Once a valid PIN number has been sent to the SENTINEL, you can revise
the Personal details that appear on the turn on screen in the SENTINEL

using the  icon. Again, this can be done from the SENTINEL PIN
screen, but this is a quicker method.

The Screen Saver  and Book Send  options are not
available at this time for SENTINEL users.

The  icon is not available for SENTINEL users at this time.

The  icon will force the SENTINEL out of PCLink, and put it into the
Turn On screen.
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The  icon will bring up the Gas Blend screen.  At present, only gas
settings can be uploaded to the SENTINEL.
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Finding the com port number of the USB hardware interface
Click the Windows Start button at the bottom left of the screen.
Click the Control Panel option, normally on the right side of the Start
screen. If not, click run, and type "control" into the open command box.
From Windows Control Panel, click the System icon. From the System
screen, choose the Hardware Tab. From the Hardware Tab, click Device
manager. From Device Manager, dou ble click the Ports section. When
Ports is opened out, if the hardware is installed and plugged in correctly, it
will show a device with the name CP2101. This is the Hardware InfraRed
interface device for the SENTINEL. The comport number is shown in the
description.

The com port number has to be within 1 to 16. If not, it can be changed:
double click the CP2101 port name. A properties screen is now shown.
Click on the "Port Settings" Tab. Click the Advanced button. The com port
number is shown at the bottom left, and can be changed by choosing a
different com number from the pull down list. If all the com numbers bellow
16 have "(in use) against them, it means they have already been allocated.
This has probably occurred due to multiple plugging in and o ut of hardware
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interface adaptors, and Windows allocating a new number each time. If
you are sure that a number being shown as "in use", is actually not in use,
then you can reallocate the device to that number. WARNING, this can
upset other software and devices, so be careful and knowledgeable before
performing this change. If in doubt, read Windows operating system
reference books to fully understand what you are doing.
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Dive List
The Dive List allows you to choose which dive to open. It also gives a
summary of each dive. Click on a dive to see the Dive Summary data in
the left hand middle pane.

Double click on a dive to open it.

A dive can be deleted by first selecting it with a click, then pressing the
delete button.

If you get an error message "System cannot open Dive - Dive contains
errors", then the downloaded dive data has got corrupt data in it. This can
happen most commonly if the hardwire link was on the border line of
receiving good signals data from the SENTINEL. In this situation,
sometimes the data is good, and sometimes corrupt. The easiest way
though this, is to delete the corrupt dive from the dive list database. Then
re-download the dive again from the SENTINEL. The dive list shows dives
with errors in red.
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Dive Profile

The dive profile screen allows all the recorded parameters and signals to
be displayed. Measured signals can be shown as a graph, eg depth, po2
etc..
Any Alarms at a specific data point are shown at the bottom left pane. You
can jump from one Alarm to the next by c licking the Next Alarm hyperlink.
This pane can also show the dives active at the start of the dive.

Above the graph area are buttons that allow the dive readings to be
replayed. By clicking the blue arrow, each dive data point is displayed for 2
seconds, then is incremented to the next point. This can be speeded up by
clicking the + button on the left, or slowed down by clicking the ¯  button.

The graph can be zoomed in to by clicking the magnifying glass button.
Once magnified, you can pan left and righ t using the magnifying glass
buttons with a left and right arrow respectively.

When started, the depth and ceiling profiles are automatically displayed.
The traces for different parameters can be turned on and off by clicking the
check boxes in the top left pane. The colour of each trace is indicated by
the colour of the text of each parameter.

Clicking on a point on a trace in the graph first highlights the trace. Click on
a point on the trace again, and the data associated with that point will be
displayed.
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The bar at the top of the graph shows the position of Alarms, Dive Marks
and gas changes. If you click a point on the bar, then the data associated
with that point will be displayed.

Extra dive logbook style details can be added to the database, by choosing
the Info option under the Dive pull down menu. There is also a shortcut
button    .

The screen can be printed for a hard copy reference.
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Dive Details

The dive details screen allows the user to make logbook entries
associated with the dive. These can become a reference for future
recollection of the circumstances and achievements of the dive.

Pictures can be added in by clicking on the Click to load picture panes.
Buddies, Weather, Site and Department can be selected from a pull down
list.

New items can be added to these pull down lists by typing in a new name
in the selection section. This will be saved to the database when the save
option is clicked, or when exiting and using the save now option.

The Notes area is a free form area for  filling in further dive information.

The screen can be printed for a hard copy reference.
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Main ProLink Menu Screen

This screen allows navigation to the other main function screens in ProLink.

It also displays tips that can be very useful when fi rst starting to use the
ProLink software.

The ReProg and ReProg_IR functions are not yet available to users, but in
the future, will allow users to update the SENTINEL with the latest
software versions.
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Importing Dives from Pocket PC

This screen allows dive from a pocket pc to be imported into the ProLink
dive list database. Before starting this screen, the Pocket PC Active Sync
system has to be properly installed on the PC. See the Pocket PC Pro Link
software manual. The Pocket PC also then needs t o be synchronized with
the PC, including the Files option in the synchronization choices. Then
start this window by clicking Link PDA option from the Main ProLink screen.
If this is the first time the PDA has been used with the software, then first
you have to find the divelist.pdb file that the PDA has put onto the PC. This
is usually in the directory:
C:\Documents and Settings\USERNAME\My Documents\Pocket_PC My Documents \

A browse screen is displayed for you to navigate to the directory you have
configured as the synchronization directory for your Pocket PC. Click on
the divelist.pdb file when you have located it. The ProLink software will
then read the file and display the dive contents. Once the file has been
located once, you should not need to locat e it again manually, unless you
change the Pocket Pc synchronization settings.

Once the dive from the Pocket PC are displayed, any dives already in the
ProLink dive list database will be displayed with a yellow background. The
choices for importing dives into the dive list are the same as with the direct
connection to the SENTINEL/VR with PCLink.
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Get All Dives. This gets all dives from the SENTINEL, even if you have
already downloaded them, and adds them all to the dives. Thus you will
get dives repeated in the dive list. However, it is an easy way to put all
dives into the dive list when using the link for the first time.

Get Latest dives only. This option only downloads dives that are not
already in the dive list database. The software checks the star t time of
each dive in the SENTINEL against dives in the database. If that start time
already exists, then it marks the dive yellow indicating it is already in the
database and does not need downloading. The "Download Latest dives
only" downloads dives with start times not in the database. This is normally
the easiest way to add dives to the dive list database.

Get Selected dives. This allows individual dives to be selected, whether
old or new dives, and puts them into the dive list database. Dives alread y
in the database will not be overwritten. All dives will be added to the end of
the database.
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Error Messages

I get a "Run Time— error message
Write down the number of the message.
Write down exactly what was happening when the error message po pped
up. eg opening a dive.
Send this information and the rb.mdb file from your c: \Program
Files\LSS\PC_OurobRel1b\ directory to: pctechsupport@LSSb.co.uk
We will try and fix or respond to the problem within 2 working days or less

I have trouble installing the software on my PC
Write down at what stage you get a problem.
Write down the nature or error number of the problem.
Send this information to: support@vr3.co.uk
We will try and fix or respond to the problem within 2 working days or less

pctechsupport@LSSb.co.uk
support@vr3.co.uk


Sentinel Manual V2.2g July 09.doc163

I can not upload all the configuration data using the remote Gas
Blend screen

At present, only the Gas list data can be uploaded to the SENTINEL.


