
                                                                     Sentinel Manual: March 20081

This manual, specifications and features of the SENTINEL LSS are
proprietary and copyright Closed Circuit Research Ltd, 200 8.

This document cannot be copied or distributed without the prior agreement
and authorization from Closed Circuit Research Ltd.

All information contained is subject to change. Contact the manufacturer
for the latest information. www.ccrb.co.uk

The SENTINEL LSS is manufactured in the UK by Closed Circuit
Research Ltd. Unit 12. Black Hill Rd West. Holton Heath Industrial Estate.

Poole. Dorset 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.

www.ccrb.co.uk


CE Manual V2.2b Apr 08.doc2

SENTINEL Underwater Closed Circuit
Life-Support System (LSS) Manual
Contents

Warnings ................................ ................................ ................................ .............7
Lubricants................................ ................................ ................................ ..........7

Rebreather Life-Support System (LSS) survival ................................ ..............9
LSS Fundamentals ................................ ................................ ............................ 10

The Resistive Work of Breathing-Resistive Effort ................................ ............10
The Hydrostatic WOB................................ ................................ ...................... 11
Absorbent duration ................................ ................................ .......................... 11
Oxygen control system ................................ ................................ .................... 12
Myths................................ ................................ ................................ ...............12
Rebreather Testing................................ ................................ .......................... 13
CO2 Monitoring ................................ ................................ ................................ 15
Summary ................................ ................................ ................................ .........16

Bailout/cylinder Configurations ................................ ................................ .......17
Unit Layout ................................ ................................ ................................ ........18
Mechanical Features ................................ ................................ ......................... 21

Harness/BCD ................................ ................................ ................................ ..21
Counterlung................................ ................................ ................................ .....21
Cylinders ................................ ................................ ................................ .........21
Outer Case ................................ ................................ ................................ ......21
Travel Mode ................................ ................................ ................................ ....21
Over-pressure Valve ................................ ................................ ....................... 21
Bail-out Valve (BOV) ................................ ................................ ....................... 22
Backup PO2 Display ................................ ................................ ....................... 22
Intelligent Backup Display ................................ ................................ ...............22
CO2 Filter Systems ................................ ................................ ......................... 22

Basic Disassembly ................................ ................................ ........................... 23
The Counter lung................................ ................................ ............................. 25
Pressure pipe work ................................ ................................ .......................... 26
Flow Cone and Oxygen Sensors ................................ ................................ .....27
Mouthpiece and hoses ................................ ................................ .................... 29
Gas Blocks ................................ ................................ ................................ ......31
Over Pressure Valve/Water Removal Valv e................................ .................... 31
Post shipping set-up................................ ................................ ........................ 32
Finding leaks ................................ ................................ ................................ ...33
Negative tests................................ ................................ ................................ ..33
Immersion tests ................................ ................................ ............................... 33
Adjusting the stainless steel LP fittings ................................ ........................... 34
Weighting ................................ ................................ ................................ ........34
Harness Positioning ................................ ................................ ........................ 35
Bailout cylinders and off -board gas ................................ ................................ .35



Sentinel Manual: March 2008-03-043

Pre-dive set-up ................................ ................................ ................................ ..36
Filling the gas supply cylinders ................................ ................................ ........36
Gas endurance ................................ ................................ ................................ 36
Filling the absorbent canister ................................ ................................ ...........37
Canister Duration ................................ ................................ ............................ 37

Checking/Assembling the Mouthpiece ................................ ........................... 39
Battery type and charging ................................ ................................ ................40
Check-And-Dive µ  Integrated Life Support ................................ ..................... 42
Pre-Dive Checks................................ ................................ ................................ 44

Full system check with oxygen sensor calibration ................................ ...........45
Full system check without calibration ................................ .............................. 45
Reduced Pre-Dive checks ................................ ................................ ...............45

Pre Breathe................................ ................................ ................................ ........46
Auto Calibration ................................ ................................ ................................ 48

Manual calibration of oxygen cells ................................ ................................ ...49
Summary of do`s and don`ts of cell calibration ................................ ................51

Canister Duration Meter ................................ ................................ ................... 53
Temperature profile monitor (TPM) ................................ ................................ .53
O2 injection Canister Duration Meter ................................ .............................. 56

Operation and interaction of Temperature profiler and O2 injection CDM
................................ ................................ ................................ ................ 57

Auto turn-on ................................ ................................ ................................ ......60
Valve over inject and no inject ................................ ................................ 61

Sensor polling ................................ ................................ ................................ ...62
HUD and Colour Screen ................................ ................................ ................... 63

Detailed Alarm conditions ................................ ................................ ....... 64
New User Interface Screens ................................ ................................ ............70

Dive screens ................................ ................................ ........................... 70
Surface dry screen filter display ................................ .............................. 71
Screen and menu navigation ................................ ................................ ..73
Dive options screen ................................ ................................ ................ 73

Bailout and gas configuration ................................ ................................ .........75
Level 1................................ ................................ ................................ .............75
Level 2................................ ................................ ................................ .............75
Level 3................................ ................................ ................................ .............75

Setpoint configuration ................................ ................................ ...................... 76
Auto Setpoint ................................ ................................ ................................ ...77
Setpoint changes and ascents & descents ................................ ...................... 78

Dynamic reserve ................................ ................................ ............................... 79
Bailout and Dive abort ................................ ................................ ...................... 79
Maximum operating depth ................................ ................................ ...............80
No Stop Calculator ................................ ................................ ............................ 81
Internet reprogramming ................................ ................................ ................... 81



CE Manual V2.2b Apr 08.doc4

Mandatory Diving Skills ................................ ................................ ................... 82
Leak testing ................................ ................................ ................................ .....82
Calibration ................................ ................................ ................................ .......82
Harness Adjustment ................................ ................................ ........................ 82
Buoyancy Control ................................ ................................ ............................ 82
Open circuit bailout ................................ ................................ .......................... 82
Manual flight ................................ ................................ ................................ ....82
Oxygen solenoid and ADV failure modes ................................ ........................ 83
Oxygen/diluent flow rate demonstrations - Level 2 & 3 ................................ ....83
Diluent flushes ................................ ................................ ................................ .83
Flood Recovery ................................ ................................ ............................... 84
Bailout and ascents ................................ ................................ ......................... 84
Oxygen sensor isolation ................................ ................................ ..................85
Off-board gas selection ................................ ................................ ................... 85

Electronic bailouts ................................ ................................ ............................ 85
Progressive dive by dive training. ................................ ................................ ...86
In-water skills ................................ ................................ ................................ ....87

Diving Safety Guidelines ................................ ................................ ......... 87
SENTINEL General Description and Background ................................ ..........94

History ................................ ................................ ................................ .............94
Overview of closed circuit LSS components ................................ .................... 97
Improvements incorporated in SENTINEL ................................ ...................... 97

SENTINEL Mechanical Systems ................................ ................................ ......99
Design Criteria................................ ................................ ................................ .99

Reliability ................................ ................................ ................................ 99
Breathing Performance and Pathways ................................ ................... 99
Simplicity of Operation ................................ ................................ .......... 101
Modularity and Flexibility in operation ................................ ................... 101

SENTINEL Electronics and Computer systems ................................ ...........102
Design Criteria................................ ................................ ............................... 103

1. Safety/Reliability ................................ ................................ ............... 103
2. Redundancy................................ ................................ ...................... 103
3. Maintenance / Serviceability ................................ ............................. 103
4. Modularity ................................ ................................ ......................... 103
Upgradeability ................................ ................................ ....................... 104
Reprogram-ability and PC interface ................................ ...................... 104

Software and Electronics key functional points ................................ .............105
Main sub-systems ................................ ................................ ......................... 106

Failsafe of oxygen addition valve ................................ ................................ ..112
Oxygen sensor care ................................ ................................ ...................... 114
Disinfecting................................ ................................ ................................ ....115
CO2 absorbent storage ................................ ................................ ..................116
Repairing a counterlung ................................ ................................ ................116

Safety Design Criteria ................................ ................................ ..................... 117
Programmable Systems ................................ ................................ .................122

Software Implementation ................................ ................................ ...... 124
Software Processes ................................ ................................ .............. 125



Sentinel Manual: March 2008-03-045

Vision Test ................................ ................................ ................................ .......126
Glossary of Terms ................................ ................................ .......................... 127
Warranty ................................ ................................ ................................ ..........129
SENTINEL LSS General Specification ................................ ........................... 130
Shipping ................................ ................................ ................................ ..........132
Shipping ................................ ................................ ................................ ..........133
Electronic Bailout Scenario Chart ................................ ................................ .135
ProLink PC Download software ................................ ................................ .....137
PIN numbers, Software and Hardware ................................ .......................... 138
Downloading Dives ................................ ................................ ......................... 140
Extra ProLink connection features ................................ ................................ 141
Finding the com port number of the USB hardware interface .................... 143
Dive List ................................ ................................ ................................ ...........145
Dive Profile ................................ ................................ ................................ ......146
Dive Details................................ ................................ ................................ ......148
Main ProLink Menu Screen ................................ ................................ ............149
Importing Dives from Pocket PC ................................ ................................ ...150
Error Messages ................................ ................................ ............................... 152

For additional information on dive computer
functionality please see the enclosed VR3 dive
computer manual.



CE Manual V2.2b Apr 08.doc6

Using this manual
Quick references (Hyperlinks) to o ther areas of the electronic manual are
highlighted 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 do wn.

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

Failure to adhere to them
may cause injury or death.
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It is vital that correct, recognized training is undertaken prior to
using this equipment. Such agencies include IANTD, TDI and
others that have submitted approved training documentation

are acceptable.

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 suitable open circuit
bailout carried at all times in line wit h your training agencies¿

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 l imited 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 Closed Circuit Research 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 cylinder. 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 volume for the planned dive as

per your training agency recommendations.

If in doubt, bailout!!!
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LSS Fundamentals

It has become increasing apparent in recent 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 m is-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 restrictions 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 ¨OK  ̀ on the surface may well not at 40m on an air diluent.
Counterlung position and shape also affect the peak pressures
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 orienta tions
(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 energ y expended also small, however the
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 ¨feel` 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 co unter 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 this and any minimal
hydrostatic WOB can still mean the unit has a highly restive breathing
circuit and hence has a laboured breathing ¨feel`.

In summary a rebreathers WOB can only be quantified under a range of
hydrostatic (rotating) positions with additional 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 insula te 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, CO 2 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 inaccurate 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% eff icient in
15m to 49% efficient in 40m. The 15m duration was 3 hours while the 40m
duration was 1 hour and 50 minutes.

The ¨saving 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 decompressio n 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 the 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 supplemented by the diver,
this minimum should not generate the upper or lower test limits specified.

Myths
In addition to and as a result of the above there is the issue of ¨diver
abuse`, in particular with canister duration rules. This mainly occurs
because of a lack of understanding and information. Common myths seem
to be;

1. ¨If I use all my canister duration I can just scrape the top off the
absorbent and add a bit and get more time`.
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2. ¨When I have used up all the time on the absorbent I can just dry it out
and use it again`.

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

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

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

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

duration`.
9. ¨If 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 divi ng 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 tested. 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 ¨feel` of the
circuit. Small peaks and troughs at each end are the effect of the opening
of the mushroom valves. The area inside t he 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.

This test is conducted at a range of flow rates, depths and gas densities.
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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.


