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W elcome to the SubGravity Defender CCR, an expedition grade 
closed circuit rebreather (CCR) designed and tested to perform 
in the most demanding underwater environments. Combining 

years of research and development with the latest in CCR diving tech-
nology, the SubGravity Defender CCR is proven to be ready for anything.

This section wil l  discuss:
 ■ How to Use this Manual
 ■ Topics Covered in this Manual

How to Use this Manual
This manual is designed as reference material to supplement training 
with a qualif ied, active teaching status, instructor in the proper use and 
care of your Defender CCR. It is not  intended to replace your qualifying 
dive training agency’s rebreather diving instructional materials, nor does 
it cover all  crit ical aspects of rebreather diving in general. This manual 
will cover the specific components and procedures for set up, breakdown, 
cleaning and maintenance of your Defender CCR, while providing tips 
for practical application.

DEFENDER CCR USER MANUAL
INTRODUCTION
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This manual is to be used in conjunction with the SubGravity SG-1 
Electronics user manual, as well as the user manual for your secon-
dary PO2 monitor. The most current versions can be found in the 
downloads section of ccr.sub-gravity.com. Attempting to dive the 
Defender CCR without reading and understanding this user manual, 
the SG-1 User manual and the user manual for the secondary PO2 
monitor can result in serious injury or death.

It  is extremely impor tant that you read this manual in its entirety and 
understand the content and practical application to diving the SubGravity 
Defender CCR prior to use. If you are unsure of any information included 
in this text, please consult with your SubGravity Defender CCR Instructor 
or directly with SubGravity.

Throughout the text, you wil l  see a section tit led, “Impor tant Considera-
tions for Practical Application” and “Quick Review”. These sections have 
been added to highlight crit ical information for the practical use of the 
Defender CCR and to test the retention of this information af ter reading. 

While thumbing through the manual, consider questions related to the 
headings and what the topic entails. Also, read the topics covered in 
each section and the important considerations for practical application. 
Doing so wil l  help you wrap your mind around the content you are about 
to cover.

Once that is complete, star t back at the front of the manual and read 
page-by-page, looking for the answers to the questions you considered 
earlier. As you f ind those answers, take a moment to consider the ans-
wers and how it applies to diving the SubGravity Defender CCR. This wil l 
help you remember the information for future use.

http://www.ccr.sub-gravity.com


DEFENDER CCR

3

When you are f inished reading a section, feel free to go back and thumb 
through that section along with the notes you took while reading. This 
is another simple step to help you remember the information provided 
so it can be applied later.

When viewing this document, you can use the search function of your 
PDF viewer to quickly f ind the specif ic information you are looking for. 

Topics Covered in this Manual
This manual wil l  cover technical information as it relates to the compo-
nents, set up, breakdown, and maintenance of the SubGravity Defender 
CCR including:

 ■ Definitions
 ■ Inherent Risks Associated with Diving a Rebreather
 ■ Components
 ■ Assembly
 ■ Breakdown and Cleaning
 ■ General Care and Maintenance
 ■ Appendix
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T hroughout this manual,  there wil l  be a variety of terms that a 
prospective or new rebreather diver may not be familiar with. This 
section wil l  define these terms as they relate to this manual, as 

well as define the warning, caution, and notice symbols listed throughout 
this text.

This section wil l  discuss:
 ■ Terms
 ■ Warnings, Caution, and Notice Symbols

Terms
 ■ Automatic Diluent Valve (ADV): Valve which automatically adds di-

luent gas when negative pressure is inside of the breathing loop (upon 
descent or when too much gas is vented from the loop, for example)

 ■ Bailout: Open circuit SCUBA used as redundancy while diving a re-
breather.

 ■ Bailout Valve (BOV): Rebreather mouthpiece which incorporates an 
open circuit regulator. When the breathing loop is closed, the open 
circuit regulator is activated.

 ■ Calibration: Process used to align the oxygen sensor’s mill ivolt out-
put with a known PO2.

 ■ Closed Circuit Rebreather (CCR): Self-contained underwater brea-

CHAPTER 1
DEFINITIONS
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thing apparatus which recirculates the diver’s breathing gas, removing 
carbon dioxide, and replenishing the metabolized oxygen.

 ■ Cell Cartridge: Removable cell carrier that houses the oxygen sen-
sors.

 ■ Carbon Dioxide (CO2): The byproduct of oxygen metabolism in the 
body.

 ■ CO2 Absorbent (Sorb): Chemical used in the scrubber which removes 
carbon dioxide from the breathing loop.

 ■ Counterlungs: Flexible containers incorporated into the breathing 
loop which allow the diver to inhale and exhale.

 ■ Head: CCR electronics component which houses the cell  car tridge, 
oxygen injection solenoid and handset and HUD connections.

 ■ Heads Up Display (HUD): Display mounted to the rebreather mou-
thpiece which indicates the status of the breathing loop via flashing 
LEDs.

 ■ Loop: Internal volume of the CCR comprised of the mouthpiece, brea-
thing hoses, counterlungs, scrubber canister, and head.

 ■ Manual Addition Valve (MAV): Valves that allow the diver to manually 
add gas (oxygen or diluent) to the breathing loop.

 ■ Millivolt (mV): Unit of measure equal to one thousandth of a volt. 
Mill ivolts are used to measure the amount of current generated by 
an oxygen sensor.

 ■ Open Circuit (OC): Self-contained underwater breathing apparatus 
which inhaled gas is supplied from a high-pressure cyl inder via a 
demand regulator.  The diver’s exhaled breath is exhaled into the 
ambient atmosphere.

 ■ Oxygen Sensors (cells): Electro-galvanic fuel cell which generates 
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an electric current when exposed to oxygen, used for sensing the PO2 
in the breathing loop.

 ■ PPO2/PO2: Par tial pressure of oxygen; the concentration of oxygen 
in a breathing gas. PO2 is determined by the fraction of oxygen in the 
gas and the absolute pressure exer ted on the gas (PPO2 = fraction of 
oxygen x absolute pressure).

 ■ Scrubber:  The CCR carbon dioxide scrubber which is f i l led with a 
carbon dioxide absorbent chemical which removes exhaled carbon 
dioxide from the breathing loop.

 ■ Secondary PO2 Monitor (secondary handset): Dive computer that 
is connected to the rebreather as a backup source of PO2 monitoring 
and decompression calculation in case the primary fails.

 ■ Setpoint: User defined target loop PO2.
 ■ SG-1 (primary handset/controller): Exclusive electronics package 

for the SubGravity Defender CCR, incorporating PO2 monitoring, de-
compression calculation and oxygen injection control.

 ■ Solenoid: Valve which injects oxygen into the breathing loop when 
activated by the SG-1 controller.

 ■ Spacer: Scrubber canister inser t which ensures the scrubber mates 
with the head properly.

 ■ T-Piece: Fitting that connects breathing hoses to the counterlung.

Warning, Caution, and Notice Statements
Throughout this manual, there are special warning, caution and notice 
statements that highlight key information that need special attention. 
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These notices are highlighted in the following format:

WARNING statements describe potentially hazardous situations 
which, if not avoided, could result in serious injury or death. Avoid 
these situations under any circumstances.

CAUTION indicates a hazardous situation which, if not avoided, 
could result in minor or moderate injury.

NOTICE statements are used to notify the user of information regar-
ding installation, operation, maintenance, performance, general 
tips that are important, or statements describing a procedure or 
situation that might cause damage to the device but is unrelated 
to physical injury.
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T here are many inherent risks associated with scuba diving and 
diving a rebreather increases some of these risks. It is impor tant 
to understand these risks and how to manage them, discuss them 

with your loved ones, seek proper training from a qualif ied instructor, 
and remain current with your skil ls and knowledge.

This section wil l  discuss:
 ■ Inherent Risks and Management
 ■ Potential Long Term Health Ef fects
 ■ Explaining Risks to Family
 ■ Finding a Trainer
 ■ Remaining Current and Fit to Dive

Inherent Risks and Management
Scuba diving is a fun and exciting recreational activity; however, it does 
carry serious inherent risks that can result in serious injury or death 
if  not managed properly.  These risks include but are not l imited to: 
decompression sickness, oxygen toxicity, hypoxia, hyperoxia, drowning, 
hypercapnia and other CO2 related maladies. While these risks are always 
present while diving a rebreather, they can be managed by receiving 

CHAPTER 2
INHERENT RISKS ASSOCIATED 
WITH DIVING A REBREATHER
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proper training, diving within the l imits of your training and experience, 
using proper written build and pre-dive checklists, following manufactu-
rer guidelines, staying current with your knowledge and skills, remaining 
physically and mentally f it to dive, and seeking fur ther training from a 
qualif ied professional when you are looking to extend the l imits of your 
training and experience or whenever there is an extended period of 
inactivity in your rebreather diving activities. If you do not understand 
and accept these risks, you must not dive the SubGravity Defender CCR.

Potential Long Term Health Effects
At the time of publishing of this manual, there are no long-term stu-
dies available for the long term ef fects of using a rebreather. It is the 
responsibil ity of the diver to inform themselves of the consequences of 
CNS, OTU’s and the ef fect of decompression, and immersion in water.

Explaining Risks to Family
It  is just as impor tant for your loved ones to understand and accept the 
risks associated with diving a rebreather. Have an honest discussion 
explaining the risks involved, and be sure that your loved ones accept 
these risks and the potential consequences which can include serious 
injury or death. There is no dive wor th letting down your friends and 
family, and if they are not wil l ing to accept the consequences of your 
diving activities, you should not dive the Defender CCR.

Finding a Trainer
Choosing an instructor to conduct your SubGravity Defender CCR training 
is as impor tant as choosing the correct rebreather for you. Your training 
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should be a challenging yet fun and rewarding experience, and choosing 
a trainer wil l  play a large par t in the quality of your experience. It  is 
important to choose a SubGravity approved instructor from the instructor 
l isting on the SubGravity website: ccr.sub-gravity.com/training. SubGra-
vity ensures their factory recognized instructors are in active teaching 
status with their respective training organizations. Verif ication of an 
instructor’s status on the SubGravity Defender CCR can be obtained by 
submitting a request for a verif ication letter to SubGravity directly.

Only SubGravity approved instructors are authorized to conduct 
SubGravity Defender CCR training.  If your instructor is not listed 
as an approved SubGravity Instructor (ccr.sub-gravity.com/training), 
please contact SubGravity directly for verification of factory autho-
rization. Receiving training from an instructor not authorized by 
SubGravity may result in omitted critical safety information or skill 
development, which could lead to serious injury or death.

Remaining Current and Fit to Dive
Remaining physically and mentally f it to dive is crit ical for your safety 
in the water. While annual physicals are an excellent way to have your 
f itness assessed by a medical professional, it is also essential to assess 
your physical and mental readiness prior to every dive. If  i t  doesn’t 
feel right, it  is not right. No dive is wor th your l ife, and you should feel 
comfor table terminating any dive at any time for any reason. Af ter any 
extended period of rebreather diving inactivity, it  is impor tant to seek 
refresher training from a qualif ied professional,  and take it  slow for 
the f irst few dives while building your skil ls and comfor t level back up 
gradually.

http://www.ccr.sub-gravity.com/training
http://www.ccr.sub-gravity.com/training
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Summary
While diving a rebreather is a fun and excit ing activity,  i t  does pose 
inherent risks that cannot be avoided entirely. It is your responsibil ity 
to understand and accept these risks, share these risks with your loved 
ones, and be wil l ing to accept the responsibil ity of keeping current and 
f it to dive prior to diving the SubGravity Defender CCR. If you or your 
family members are not will ing to accept these risks and responsibilities, 
you should not  dive the SubGravity Defender CCR.
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T his chapter wil l  cover the individual components of the SubGra-
vity Defender CCR, including a detailed description of each com-
ponent, it’s function, and how it f its into the overall design and 

function of the Defender CCR. Because the Defender CCR is a flexible 
platform that allows many configuration options, not all  components in 
this section may be installed on your unit, and some components may 
appear slightly dif ferent than yours. The images in this section are to 
be used for reference only, and are not an exact representation of every 
SubGravity Defender CCR produced.

This section wil l  discuss:
 ■ Canister
 ■ Harness, Backplate and Buoyancy Compensation Wing 
 ■ Cylinders
 ■ Oxygen and Diluent Regulator First Stages
 ■ Gas Manifold Blocks
 ■ Hoses
 ■ Head
 ■ Breathing Hoses
 ■ T-Pieces
 ■ Counterlungs
 ■ ADV

CHAPTER 3
COMPONENTS 



DEFENDER CCR

13

 ■ MAV
 ■ Mouthpiece and BOV
 ■ HUD Holder

Important Considerations for Practical Application
 ■ Several Defender CCR components such as the canister, wing, cylin-

ders and counterlungs have multiple options to choose from based 
on user preference and need.

 ■ Some components, such as the T-pieces, may have multiple purposes 
depending on the options installed.

 ■ SubGravity Defender CCR divers have a choice between backmounted   
counter lungs (BMCL) and over the shoulder counter lungs (OTSCL), 
both of which have distinct advantages.

 ■ The head of the SubGravity Defender CCR houses many impor tant 
components, however it’s overall design creates a very simple user 
inter face with each of these components.

 ■ The standard mouthpiece on the SubGravity Defender CCR is the 
Shrimp bailout valve (BOV), which of fers easy one handed operation 
to switch between closed circuit and open circuit bailout.

Canister
The term “canister” refers to the main body of the Defender 
CCR, and is of ten called the “can” for shor t. The canister 
functions as the mounting point for all  components of the 
rebreather, including cylinders, gas blocks, head, harness 
and wing,in addtion to the counterlungs and breathing loop.  
Housed inside the canister is the carbon dioxide scrubber 
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and water trap. There are two canister sizes available for the Defender 
CCR and it is also available in either marine grade aluminum or Delrin. 
The expedition canister measures 460 mm/18.1 in tall,  where the travel 
canister measures 370 mm / 14.6 in.

 ■ Carbon Dioxide (CO2) Scrubber: The Defender CCR uti l izes a radial 
scrubber that is available in several dif ferent sizes based on the ca-
nister size chosen. The gas flows down the outside of the scrubber 
and passes in to the center column and up into the head of the rebrea-
ther. While the full  expe-
dition canister can util ize 
any of the available op-
tions by mating it with the 
correct sized spacer, the 
travel canister is l imited 
to the 4.4 lb. or 5.5 lb. 
scrubber options.

The Defender CCR utilizes a user-packed, radial CO2 scrubber. Only 
SubGravity approved CO2 absorbents should be used, and factory-
stated maximum scrubber durations must NEVER be exceeded or 
extended. Exceeding factory stated scrubber durations will lead to 
serious injury or death.

 ■ Water Trap: The water trap is built into the bottom of the 
canister, sitting just below the scrubber. This water trap 
collects excess condensation in the canister, and acts as 
a secondary water trap from any water ingress from the 
loop not collected in the exhale counterlung.
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The Defender CCR has multiple sized scrubbers. The overall height 
remains the same by using the correct spacer with the scrubber to 
ensure the scrubber seals to the head. Failure to use the correct 
spacer may result in serious injury or death.

Harness, Backplate and Buoyancy Compensating Wing
Divers have the option of mounting any solid 
backplate and harness onto the canister that 
they choose, the type is up to diver prefe-
rence. SubGravity of fers several specially de-
signed buoyancy compensating wing options 
for the Defender CCR, and the size and shape 
chosen by the diver is based on l if t require-
ments and personal preference.

Consult with your factory approved instructor, or directly with SubGravity 
for any questions or concerns. Failure to maintain positive buoyancy at 
the sur face with the Defender CCR in a fully f looded state can result in 
serious injury or death.
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Unlike traditional open circuit scuba gear, it is possible for the 
Defender CCR breathing loop to flood, causing the rebreather to 
quickly become negatively buoyant. It is the responsibility of the 
user to ensure that the Defender CCR is never configured in such 
a way that it is not possible for the chosen buoyancy device (wing) 
to support the fully flooded negative buoyancy of the unit plus any 
diver-added non-ditchable weights, and still provide enough positive 
buoyancy at the surface to keep the users head comfortably above 
the water.

Cylinders
The SubGravity Defender CCR’s open architecture allows for a wide va-
riety of cylinder and valve options. While just about any size and type of 
cylinder and valve can be used on the unit, the standard configuration 
as recommended by SubGravity is as follows:

 ■ Cylinders:
 - The expedition canister can uti l ize both 2 and 3-l iter steel or  alu-

minum cylinders. However, the most common configuration is the 3 
l iter/23 cu f t. high pressure steel, or 3 l iter/19 cu f t. aluminum cylin-
der.
 - The travel canister is also capable of uti l izing both 2 and 3-l iter 

steel or aluminum cylinders. However, due to its small size, the 2  
l iter/15 cu f t. high pressure steel or 2 liter/13 cu f t. aluminum   
cylinders are of ten preferred.

 ■ Valves: Like cylinders, the SubGravity Defender CCR can accommodate 
many valve options including standard right and lef t hand valves, 
inline valves, and a variety of others. However, for optimal valve handle 
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orientation (for ease of manipulation by the diver while wearing the 
unit) and hose routing, standard right and lef t hand valves are pre-
ferred.  
 - The oxygen cylinder should be f itted with a lef t-hand valve, with 
the valve opening oriented so it faces the diver’s back when mounted 
to the canister, on the diver’s right side.
 -  The d i luent  cy l inder 
should  be f i t ted  wi th  a 
r ight-hand valve,  with the 
valve opening oriented so it 
faces the diver’s back when 
mounted to the canister on 
the divers lef t side.

 ■ Metalsub Cylinder Brackets: The Defender CCR Utilizes Metalsub brac-
kets to mount the oxygen and diluent cylinders to the canister.  To 
install the Metalsub brackets, slide the cylinder into the hose clamps 
on the bracket and tighten with a flat-head screwdriver or size 5/16” 
nut driver, ensuring the tank valves are positioned correctly before 
tightening all the way. Most divers prefer to mount the brackets as 
close to the tank valve as possible, which then positions the tank 
higher up on the diver’s back for improved weight distribution. Sub-
Gravity of fers two sizes of Metalsub brackets:
 -  “Standard” Metalsub brackets are compatible with other same 
size Metalsub brackets in the marketplace.
 -  “Shor t” or “Travel” Metalsub brackets are made specif ically to 
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minimize the weight and size of the Mini / Travel Defender CCR canis-
ter as well as position the valves higher so the valves and first stages 
do not sit too low.

The two different size Metalsub cylinder brackets (“standard” and 
“short”) are not interchangeable. The female and male parts of the 
bracket must be of the same size in order to secure properly.

Oxygen and Diluent Regulator First Stages
The Defender CCR is supplied with the user’s choice of either Dive Rite 
or Apeks f irst stages for the oxygen and di luent supplies. The main 
consideration for these regulators is the oxygen service rating for the 
oxygen side, as well as ensuring the oxygen regulator is tuned to the 
correct intermediate pressure for optimal oxygen injection per formance.  
The operating range of the solenoid is between 0 and 17 bar (0 and 
245psi), however the recommended first stage intermediate pressure is 
10 bar/145 psi. The oxygen f irst stage MUST be f itted with an overpres-
sure valve to avoid hose rupture in the event of a high-pressure seat 
failure.

The Defender CCR uses cylinders, “high” and “low” pressure hoses, 
pressure gauges and other devices which will contain pure oxygen 
at high pressure when in operation. The user must maintain all 
parts of the Defender CCR that can come into contact with high-
pressure oxygen as well as oxygen ready components. This includes 
scheduled servicing and using factory approved oxygen-compatible 
lubricants on any part of the gas delivery systems that will come 
into contact with high-pressure oxygen. Failure to do so can cause 
fire or explosion and lead to serious injury or death. 
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Gas Manifold Blocks
Low pressure oxygen and diluent distribution is handled by chrome plated 
manifold blocks. There are multiple configuration options for these ma-
nifolds with dif fering numbers of por ts. 
The manifolds are easily changeable to 
meet the users’ needs and preference. 
The standard configuration is an Oxygen 
manifold with 6 (3 on top) LP por ts and a 
Diluent manifold with 7 (4 on top) por ts. 
It is critical that diluent and oxygen sup-
plies are routed to the correct manifold 
blocks, your Defender CCR instructor wil l  assist you with the proper 
orientation and hose routing when setting up your unit for the f irst time.

Hoses
The SubGravity Defender CCR is supplied with high per formance high 
and low pressure hoses. While most of these hoses come from the fac-
tory installed on the unit, it is the end user’s responsibil ity to check and 
ensure each f itt ing is suf f iciently tightened prior to use. The standard 
hoses included with the Defender CCR are:

 ■ MAVs: 22” BC
 ■ MAVs to T-piece: 11” Reg
 ■ ADV: 15” Reg
 ■ Wing: 24” BC
 ■ 1st stage to Manifold

- Standard can: 11” Reg
- Travel can: 9” Reg
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 ■ Manifold to Solenoid: 11” Reg
 ■ SPGs: 34” HP 
 ■ BOV: 30” Reg

The above hose lengths are optimized for use with a SubGravity 
CCR wing, which allows the diver to streamline the hose routing 
and placement.

Head
The SubGravity Defender CCR head could be considered the “brain” of 
the rebreather. This is where the SG-1 electronics connect to both the 
oxygen sensors and O2 injection solenoid, which enables the unit to 
both monitor and maintain the PO2 in the breathing loop. While the head 
houses some very impor tant components, the user inter face with these 
components is very simple. For more information on the SG-1 electro-
nics, reference the most up to date SubGravity SG-1 electronics manual 
which can be located at ccr.sub-gravity.com/downloads.

 ■ Bayonet canister connection: The bayo-
net style head connection eliminates 
the need for bulky latches to secure 
the head to the canister, aiding in both 
streamlining and security. Due to the 
design of this bayonet connection, it is 
impossible for the head to unintentio-
nally become unsecured while unde-
rwater (when properly installed). The 

http://www.ccr.sub-gravity.com/downloads
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locking ring and canister both feature distinctive red markings that 
l ine up as a visual reference when the head has been installed and 
locked correctly.

 ■ O2 solenoid: The Defender CCR uses a stainless steel Jaska solenoid 
for oxygen injection, located in the exhale side of the head. This pla-
cement of the O2 solenoid reduces PO2 spikes when oxygen is injected 
because the oxygen is injected before the gas passes through the 
scrubber. As the gas passes through the scrubber canister, i t  has 
ample time to mix before reaching the oxygen sensors giving you a 
more accurate reading of the gas that wil l  be entering the inhale 
counterlung.

 ■ Cell cartridge: The cell cartridge is de-
signed to be easily removable; making 
cell removal, drying in-between dives 
and replacement quick and ef f icient.

 ■ Breathing hose f itt ings: All  breathing 
hoses feature bayonet style Click-Lock 
connections on both the head and mouthpiece connections, making 
hose removal and replacement quick and easy.

 ■ Primary handset, secondary handset, and HUD connections: All  elec-
tronics connections to the head are via 316 stainless steel water-tight 
connections tested to 300 meters, which allow in-the-f ield removal, 
replacement, and service of all  external electronic components.

 ■ SG-1 Electronics: Please reference the SG-1 electronics manual avai-
lable for download at ccr.sub-gravity.com/downloads. 

 ■ Secondary PO2 Monitoring Device: The user has several options regar-
ding which secondary handset they would l ike installed on their unit.  

http://www.ccr.sub-gravity.com/downloads
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Whichever option they choose, will  be wired as a redundant PO2 moni-
tor that can read all three O2 sensors. For more information, see the 
user manual of the par ticular secondary PO2 monitoring devices used.

Breathing Hoses
Defender CCR divers have several 
breathing hose options available.  
The unit comes standard with cor-
rugated rubber hoses,  avai lable 
in 28 cm/11 in and 33 cm/13 in 
lengths. Smooth-bore Cooper hoses 
are also available in 28 cm/11 in 
and 33 cm/13 in lengths. Typical 
configuration puts 11 inch hoses 
on top (Head to T-Piece), and 13 
inch hoses on the bottom (T-Piece 
to Mouthpiece), however this can also be customized to accommodate a 
wide range of divers. The breathing hose f itt ings at the head and mou-
thpiece feature Click-Lock connections, simplifying hose removal and 
replacement.

These f itt ings are keyed specif ically for the exhale and inhale side, so 
hoses cannot be accidentally f itted onto the incorrect side of the loop.
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T-Pieces
The SubGravity  Defender CCR’s T-
pieces are designed to f i t  several 
functions. Their primary function is to 
connect the breathing hoses to the in-
halation and exhalation counterlung. 
The unique shape of the T-pieces of-
fers several benefits, primarily aiding 
in the comfortable routing of the brea-
thing hoses without creating kinks in 
the hoses.

The T-pieces also aid in forming water traps in 
the counterlungs. As you can see in the image 
below, the inside of the T-piece is sectioned 
into two halves. This creates a dam in the T-
piece, directing water down into the counter-
lung instead of f lowing through the loop and 
into the canister.

Counterlungs
Both back mounted counterlungs (BMCL) and over the shoulder counter-
lungs (OTSCL) are available options on the Defender CCR. Each configu-
ration of fers distinct advantages, and the choice is up to the individual 
diver’s preference.
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BMCL: The back mounted counterlungs option of fers a very clean overall 
profi le and uncluttered chest area, as the counterlungs sit comfor tably 
out of the way, behind the diver’s back. The unique counterlung design 
keeps the counterlungs extremely close to the diver’s lungs, which de-
creases the hydrostatic work of breathing substantially when compared 
to traditional back mounted counterlungs in almost any position. The 
overpressure valve is also loca-
ted at the bottom right of the 
exhale counterlung, which aids 
in removing excess water from 
the counterlung as needed. The 
T-piece is installed on the top of 
the counterlung, resting on top 
of the diver’s shoulder and the 
manual  addi t ion va lves  are 
plumbed directly into the T-piece 
ly ing f lat  against  the diver’s 
torso.

OTSCL: The SubGravity Defender CCR’s over the shoulder counterlung is 
an excellent option for divers who do not mind the additional equipment 
residing on the diver’s chest. Because the OTSCLs do not mount behind 
the backplate, they are a bit faster to breakdown in-between days of 
diving. The T-piece mounts to the top of the counterlung again, however 
the counterlungs themselves have a plunger-style ADV incorporated, as 
well as the manual addition valves.  So no additional plumbing is required 
into the T-pieces. The overpressure valve is located towards the bottom 
of the exhale counterlung, which aids in removing excess water from the 
counterlung as needed.
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Automatic Diluent Valve (ADV)
The automatic di luent valve comes standard on al l  units f i tted with 
OTSCLs, and is an option available on BMCL units.

BMCL: The ADV designed for use on the BMCLs is built into the inhale 
T-piece, and functions very similar to a standard open circuit regulator 
second stage. As the loop volume decreases, the diaphragm is pulled 
in towards the interior of the T-piece, activating the ADV and adding 
diluent to the loop. When activated, this reduces the l ikelihood of the 
diver needing to manually add diluent upon a descent as the internal 
volume of the available breathing gas in the loop decreases.

OTSCL: On OTSCL equipped units, the ADV is a plunger style that is built 
directly into the inhale counterlung. Instead of using a diaphragm like 
the BMCL version, this ADV has a plunger built into the counterlung that 
activates the ADV and injects gas when the counterlung collapses.

Manual Addition Valves (MAV)
The Defender CCR has two options available for manual addition valves 
(MAVs), based on whether the user has chosen back mounted or over the 
shoulder counterlungs. Both options allow the user to inject on-board 
diluent and oxygen into the loop manually, as well as plumb in of f-board 
gas as needed.

BMCL: The BMCL MAVs are plumbed directly into the inhale (di luent 
MAV) and exhale (oxygen MAV) T-pieces via low pressure hoses. The MAV 
buttons are routed to sit on the divers lef t (diluent) and right (oxygen) 
shoulder harness, where they can be accessed readily.
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Both MAV buttons incorporate tacti le reference to assist the diver in 
identifying the oxygen and diluent button to reduce the l ikelihood of 
injecting the wrong gas unintentionally. The oxygen button has a small 
nipple in the middle of it,  whereas the diluent has a small indent. 

OTSCL: Defender CCRs equipped 
with OTSCLs have the MAVs built 
directly into the CLs. These MAVs 
are very similar to dry suit inflation 
valves, and are simply a LP infla-
tor that is plumbed directly into the 
counterlung.

Mouthpiece and BOV
The Defender CCR comes standard with the simple, streamlined and 
robust Shrimp Bailout Valve (BOV). The Shrimp BOV incorporates a ball 
valve for simple and ef f icient one handed operation and switching from 
closed circuit to open circuit.  When the knob 
on the BOV is in the ver tical position, the loop 
is closed to the ambient environment and the 
mouthpiece is in open circuit mode (the diver 
is breathing open circuit gas directly from the 
BOV). While in open circuit mode, it is important 
to note that the loop is also closed from lef t to 
right, meaning gas wil l  not circulate around the loop in this position. 
When the knob is in the horizontal position, the loop is in closed circuit 
mode and the loop is open to the ambient environment if the mouthpiece 
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is not in the diver’s mouth. At all  t imes the knob must be switched to 
either fully open or fully closed. Any intermediate position of the knob 
will  allow water to enter the loop through the mouthpiece.

The Shr imp BOV a lso incorporates one way 
(mushroom) valves to direct the flow of gas from 
the diver’s lef t to right, ensuring exhaled gas is not 
re-breathed prior to passing through the scrubber 
canister.

It is extremely important that the mushroom valves are checked 
prior to every dive,and they are confirmed to be in proper working 
order and gas is flowing in the correct direction (diver’s left to right). 
Failure to do so can cause serious injury or death.

HUD Holder
The SG-1 electronics’ heads-up display (HUD) is mounted to the mou-
thpiece using the provided HUD holder. The large ring of the HUD hol-
der locks in place around either the inhale or exhale breathing hose 
connector (determined by diver preference regarding which side of the 
mouthpiece they prefer the HUD mounted on), and is secured with an 
O-ring. The HUD simply clips into place by pressing into the “C” ring on 
top of the HUD holder.

Summary
The SubGravity Defender CCR is a flexible platform, which allows the 
users to configure the unit to best suit their needs. While your unit is 
configured one way, it  is impor tant that you understand the dif ferent 
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options available in case you decide to make configuration changes 
down the road. If you have any questions regarding the options available, 
discuss these options with your factory-approved instructor or directly 
with SubGravity.

Quick Review
 ■ What size canister options are available for the Defender CCR, and 

what scrubber options f it in each?
 ■ What are all  of the functions of the T-pieces?
 ■ List the advantages of each of the counterlung options available for 

the SubGravity Defender CCR.
 ■ Are the primary and secondary handsets permanently wired to the 

head, or can they be removed for in-f ield replacement?
 ■ How would you switch the mouthpiece from closed circuit to open 

circuit?
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T he SubGravity Defender CCR has been designed from the ground 
up to be simple and intuitive to prepare for use. Even though it’s 
assembly may be simpler than other rebreathers on the market, 

great care must be taken when preparing the Defender CCR for a dive. 

This chapter wil l  discuss the assembly and preparation of the unit, 
including:

 ■ General Assembly Considerations
 ■ Proper Use of Assembly Checklists
 ■ Scrubber Packing
 ■ Canister Assembly
 ■ Cylinder Assembly
 ■ Scrubber Installation
 ■ Head Assembly and Oxygen Sensor Installation
 ■ Primary and Secondary Handset Setup
 ■ Calibration (with Calibration Kit)
 ■ Install Wing, Harness, and Counterlungs onto the Canister
 ■ Breathing Loop Assembly
 ■ Calibration (without Calibration Kit)
 ■ Loop Integrity Checks
 ■ High Pressure Leak Checks

CHAPTER 4
ASSEMBLY 
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Important Considerations for Practical Application
 ■ Cleanliness and proper lubrication of all  sealing sur faces is crit ical 

for maintaining loop integrity.
 ■ Properly used and executed checklists are proven to save l ives, as-

sembly and functionality checklists must be used to prepare your 
Defender CCR prior to diving.

 ■ Incorrect scrubber packing and installation can result in inadequate 
scrubber performance and possible CO2 bypass, causing serious injury 
or death. Great care needs to be taken while packing and install ing 
the Defender CCR scrubber.

 ■ Debris and roll ing or pinching of an O-ring when install ing breathing 
hoses can cause a leak in the breathing loop.

 ■ Sensor calibration can be conducted using the calibration kit or wit-
hout, however whether it is uti l ized or not wil l  determine where in the 
assembly process calibration wil l  take place.

 ■ Loop integrity (positive and negative) and high pressure system leak 
checks can detect and isolate leaks and are an essential component 
of the assembly process and must be conducted every time  the loop 
is assembled.

General Assembly Considerations
I t  is of ten said that most rebreather accidents star t long before the 
diver enters the water, many times in the unit assembly. Ensuring your 
Defender CCR is set up properly is vital to your safety, and this is no 
time to be distracted or rushed. Always make sure you have plenty of 
time to assemble your unit so you wil l  not be tempted to skip steps to 
get out the door or meet the boat. Find a clean and quiet area, turn of f 
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any distractions and focus on the task at hand; your l ife depends on it. 
 ■ Cleanliness: The location you choose to assemble your rebreather 

should be free from contaminants. Dust, dir t, sand, pet hair, etc. can 
all wreak havoc on your rebreather’s sealing sur faces and mushroom 
valves.

 ■ Cleaning and lubricating sealing sur faces: All sealing sur faces should 
be clean of any debris, and all O-rings gently lubricated. A common 
mistake amongst divers is to apply too much lube to O-rings. Lubri-
cant attracts debris, and over lubricating can result in buildup on the 
sealing sur faces. This buildup can of ten cause leaks and much frus-
tration. To properly lubricate an O-ring, remove it from the component 
and clean both the O-ring and the sealing sur face it contacts. Add a 
small dab of lubricant to your f inger and gently massage the lubricant 
onto the O-ring. The O-ring should be slightly shiny in appearance, but 
no excess lubricant should be visible. A lubricated O-ring should not 
be placed on any sur face where it may come into contact with debris.  

Use only Tribolube 71 brand lubricant for all components requiring 
lubrication.

While squeezing opposite sides of an O-ring, slide both sides in the 
same direction or gently“pinch” it. This will create a protrusion of 
the O-ring on the side then you can grab with your fingers to roll 
it out of the groove. If necessary, the tapered end of a plastic Zip 
Tie can be used to help pull an O-ring up and out from its groove. 
Avoid using any hard, sharp object (eg. steel O-ring pick) as it has 
the potential to damage the sealing surface. 

 ■ Sorb Dust: While sorb is a crit ical component of your rebreather sys-
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tem, the f ine dust it creates can be harmful if inhaled and becomes 
caustic when wet. Be cautious to clean any excess sorb dust from 
your canister and loop prior to assembling the unit.

 ■ “Wrench tight” vs. “f inger tight”: All  metal to metal connections such 
as high and low pressure hose f itt ings are required to be “wrench 
tight”, meaning a properly sized wrench should be used to snug up 
the fitting. Any plastic f ittings, such as T-piece to counterlung fittings, 
should be tightened by hand only. All  metal to plastic f itt ings, such 
as the MAV to T-piece right angle connection, are not designed to be 
removed on a regular basis. If these f itt ings need to be removed, it 
is extremely impor tant that they are not  over tightened, as this can 
weaken the plastic threads, causing permanent damage.

 ■ Gas analysis:  I t  is solely the user’s responsibi l i ty to analyze and 
properly label all  gasses. There is no excuse for not analyzing your 
oxygen, diluent and bailout prior to preparing your rebreather for a 
dive. Analyze your gas immediately before preparing the unit, and/or 
anytime your cylinders have been lef t out of your supervision. If there 
is ever any doubt about what’s in a cylinder, analyze it.

NEVER dive a rebreather that has not been properly assembled or 
has known failures. This will lead to serious injury or death.

Proper Use of Assembly Checklists
Diligent use and proper implementation of checklists has proven to re-
duce errors causing fatal accidents in many fields, ranging from aviation 
to operating rooms. The proper use of assembly checklists is essential 
for any rebreather diver, brand new or instructor trainer. Failure to use 
a written checklist to assemble your Defender CCR can cause serious 
injury or death.
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While using any checklist can help reduce errors in assembly, a properly 
designed and implemented checklist wil l  be far more ef fective and is 
more l ikely to be uti l ized consistently.  SubGravity has created 2 ver-
sions of the assembly checklist, one for use with the calibration kit, and 
one for use without. It is imperative that you use the correct checklist 
based on your unit’s configuration, and that you use it every time the 
rebreather is prepared for a dive. These checklists do not go into detail 
on each step, but point out crit ical steps to help reduce the l ikelihood 
of incorrect assembly. For a complete description of each step, use this 
manual as a supplemental reference until you are comfor table using the 
checklist alone.

If a unit fails any step in the checklist, do not move forward with 
unit assembly.  Stop and resolve the issue prior to moving on.  Never 
dive a rebreather that has failed any portion of the build and pre-
dive checklist without fixing the problem first.

Scrubber Packing

Packing the scrubber of your rebreather is a crit ical step to assembling 
your Defender CCR. Doing so incorrectly can result in serious injury or 
death, and great care should be taken when doing so.

It is possible that, for any number of reasons including but not 
limited to: channeling, ambient temperature, exhausted, damaged, 
inappropriately stored, or (for any other reason), inert scrubber 
material, the reaction required to absorb CO2 will not occur as 
expected, and a toxic, and possibly fatal level of CO2 within the 
breathing loop can result.
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The Defender CCR and SG-1 do not include any technology or other 
device which can detect or warn of potentially dangerous levels of 
carbon dioxide (CO2) within the breathing loop. 

The CO2 absorbent used in the scrubber is caustic, alkaline material. 
Take appropriate steps to protect yourself from direct dust inha-
lation and skin contact. Furthermore, a compromised breathing 
loop can lead to water contact with the CO2 absorbent chemical, 
causing a “caustic cocktail” (caustic liquid). This could lead to severe 
chemical burns and if inhaled, possible drowning. Proper handling 
procedures, assembly, pre-dive checks, dive techniques, and main-
tenance mitigate this risk.

Consult manufacturer instructions for use and Material Safety Data 
Sheets for further safety recommendations for these materials.

You must carefully follow all instructor and manufacturer recommenda-
tions for use and handling of CO2 absorbent within your scrubber, never 
use a CO2 absorbent if you cannot verify its abil ity for CO2 absorption 
and carefully pack the radial scrubber and complete the functionality 
checklist ( including the pre-breathe) prior to each dive, as you were 
taught in your training course. Failure to do so can lead to serious injury 
or death.

Follow the steps outlined in this section of the SubGravity Defender CCR 
manual for best scrubber per formance:

 ■ Always f i l l  your scrubber in a well -venti lated area or outside, on a 
hard and flat sur face.
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 ■ Only use SubGravity approved CO2 absorbent (Intersorb 812, or Sofno-
l ime 797) to f i l l  your scrubber.

 ■ Remove the scrubber l id by pushing the bayonet ring down and tur-
ning counter-clockwise. You should now be able to pull the l id of f the 
scrubber by pull ing evenly on two opposing sides of the l id.

 ■ Carefully inspect the O-rings located on the l id, clean and lubricate 
as necessary.

 ■ Block the scrubber center column by placing something over it,  such 
as a golf ball or the cap from your sorb tub. The goal is to block sorb 
from fall ing into the center column as you f i l l .

 ■ Fil l  the scrubber approximately one-third full .
 ■ Keeping the scrubber level, gently tap the sides 3-5 times to settle 

the sorb pellets. 
 ■ Fil l  the scrubber approximately two-thirds full .
 ■ Repeat the tapping procedure.
 ■ Fil l  the scrubber up to the f i l l  l ine on the inner side of the top white 

ring.
 ■ Install scrubber l id and begin the tapping procedure again, you may 

need to hold the lid in place and gently tap the scrubber on the ground 
until  the you can turn the bayonet ring clockwise, locking it in place.  

 ■ Visually inspect that the sorb has not settled below the f i l l  l ine. If 
you can see any space below the f i l l  l ine, the sorb has settled below 
the minimum fil l  level and wil l  need to be topped of f to prevent CO2 
bypass.

 ■ Turn scrubber upside down and gently shake out any loose sorb that 
had fallen into the center column. Listen carefully, you should not 
hear any sorb “rattl ing” inside the scrubber.
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 ■ If  any rattl ing is heard, you wil l  need to remove the scrubber l id and 
add more sorb, repeating the tapping procedure.

 ■ If  a long transit over rough terrain is expected, it is advised that you 
check that the scrubber is f i l led suf ficiently when reaching the des-
tination as settl ing can occur.

Canister Assembly
Much of the Defender CCR canister wil l  typically not be broken down 
in-between dives. Components such as the tank brackets, oxygen, and 
diluent f irst stages, and gas manifold blocks will  typically remain intact.  
However, the diver is responsible for knowing how to adjust and verify 
proper function of these items.

 ■ Tank brackets: The tank brackets are held in place using marine grade 
stainless steel hose clamps, and can be removed and adjusted using 
a 5/16” nut driver or a flathead screwdriver. Also, held in place by 
these hose clamps, is the backplate adapter used to mount the canis-
ter to the backplate and wing.

 ■ Gas manifold blocks: The gas manifold blocks are bolted to the mani-
fold mounting bracket when using the standard backplate adapter, or 
held in place using bungee when using the travel backplate adapter 
(to save weight). The manifolds wil l  typically not need to be removed 
or adjusted.

 ■ Oxygen and diluent f irst stages: The regulator f irst stages for the 
oxygen and diluent cylinders are held in place by the high and low 
pressure hoses. These hoses are typically routed per the image shown 
in chapter 4. As a reminder, these hoses need to be checked to ensure 
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they are tightened suf ficiently. Anytime the regulators are not atta-
ched to the cylinders, make sure the DIN caps are in place to prevent 
contaminants from entering the f irst stages. Water and debris can 
damage the oxygen injection solenoid, or contaminate your gas deli-
very systems if they enter the regulator f irst stages.

Cylinder Assembly
Cylinder valves should be installed per cylinder and valve 
manufacturer specif ications. The tank brackets are ins-
talled using the supplied hose clamps which can be secu-
red and adjusted using either a size 5/16” nut driver or 
a flathead screwdriver. Many divers wil l  angle the valves 
slightly forward to make them easier to manipulate while 
diving.

Refer to the cylinder and valve manufacture for more information 
on proper use, filling, maintenance and inspection of high pressure 
cylinders and valves.

Filling the cylinders may be subject to specific safety regulations 
and must be carried out by a trained, qualified person.

Scrubber Installation
After your scrubber is packed, installing it into the 
canister is straight forward. However, incorrect 
installation can result in a crit ical fai lure that 
wil l  l ikely not be caught in any pre-dive checks 
and could lead to hypercapnia. The most crucial 
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element being that the correct spacer is used for the canister and scrub-
ber combination you are using and that it is installed in the canister. 
If the spacer is not installed or a spacer which is too shor t is installed 
in the canister, the scrubber wil l  not mate with the head correctly and 
exhaled gas will bypass the scrubber entirely. If the scrubber is installed 
incorrectly, the warning label inside the canister wil l  be visible notifying 
you of the error.

Using the incorrect scrubber / spacer combination will lead to scrub-
ber bypass which may result in serious injury or death.

Head Assembly and Oxygen Sensor Installation
Handsets:

 ■ If  the primary handset, secondary handset, and HUD cables have not 
yet been connected to the head, carefully inser t the cable into the 
f itt ing and screw the connector in place. While these connections 
were designed to be removed and reconnected, you want to check the 
O-rings frequently and be cautious not to damage them when instal-
l ing the cables. The cable should slide into place ef for tlessly. If  you 
feel resistance, the O-ring may have become caught or rolled, and 
you should remove it and try again. If you continue to feel resistance, 
apply a small amount of lubricant to the cable-end f itt ing O-ring and 
try again.

 ■ Once all cables are connected, turn both handsets on, they should 
read 0.00 millivolts for all 3 sensors (provided there are no O2 sensors 
installed) and the HUD should activate. You should also hear the O2 
solenoid “click” every few seconds.
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 ■ Check the battery voltage on both handsets and verify it is suf f icient 
for your planned dive (refer to SG-1 manual and secondary handset 
manufacturer’s manual for specif ications on battery voltage require-
ments).

Cell Car tidge:
 ■ Check the expiration date on your oxygen sensors and verify they are 

within service range (12 months af ter installation or 15 months af ter 
manufacture, whichever comes first).

 ■ T h r e a d  t h e  ox y g e n  s e n s o r s  i n to  t h e  c e l l  c a r t r i d g e .

 ■ Carefully connect the molex connectors from the cell  car tridge to 
each oxygen sensor.

 ■ Slide the cell car tridge into in the head and press f irmly until  you feel 
it lock in place.

 ■ Install the cell car tridge cover by pressing it into place and turning 
a quar ter turn.

Failure to re-install the cell cartridge cover will result in 100% scrub-
ber bypass and serious injury or death.

 ■ Check both the primary and secondary handsets and check the mil-
l ivolt readings of the sensors. They should all  be reading between 9 
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and 14 mill ivolts (at sea level -  see the current SG-1 manual for more 
notes on using your Defender CCR at elevations above sea level). If  a 
sensor is outside of that range, it wil l  need to be replaced.

Primary and Secondary Handset Setup
Reference the SG-1 electronics manual and secondary handset manufac-
turer’s manual for specif ics on configuring the primary and secondary 
handsets. Program the diluent, oxygen, and bailout gasses and confi-
gure both handsets per your personal preferences. The most current 
versions of these user manuals can be found in the downloads section 
of ccr.sub-gravity.com.

Calibration (using calibration kit, if not using calibration 
kit, calibration will take place after assembling the loop)
While it is not necessary to re-calibrate the unit prior to every day of 
diving, it  is absolutely neces-
sary to check the calibration to 
verify it is accurate. The Sub-
Gravity Defender calibration kit 
is a great tool that simplif ies 
this process, while only using 
a small amount of oxygen.

 ■ Beg in  by  ins ta l l ing  the 
oxygen calibration plug into the bottom of the cell car tridge cover.

 ■ Install the calibration over-pressure valve into the inhale breathing 
hose por t.

 ■ Connect the oxygen LP hose from an analyzed oxygen source (onboard 

http://www.ccr.sub-gravity.com
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O2 supply, or other) and crack the valve open.
 ■ Flush the head with oxygen until  you see the mill ivolt readings stabi-

l ize on both handsets.
 ■ Check the calibration on the handsets to see if it  is accurate (i .e., if 

at sea level calibrating with 100% oxygen, all  sensors should read 
1.0 PO2). If  not, follow the calibration instructions found in the SG-1 
electronics manual and secondary handset manufacturer’s manual.

Install Wing, Harness, and Counterlungs onto the Canister
The Defender’s buoyancy compensating wing, backplate, harness and 
counterlungs are all  mounted directly to the canister of the rebreather 
via the backplate adapter. It is easiest to install these components with 
the canister laying down on its back.

 ■ Begin by placing the wing in position by inser ting the bolts from the 
backplate adapter through the grommets in the wing. Which grom-
mets used is a personal preference, however the lower the wing is 
mounted on the unit the more l if t wil l  be placed towards the bottom 
where many rebreather divers feel they need it most.

 ■ If using BMCLs, those will go on next. The BMCL’s will be mounted with 
the openings facing the canister, so when the tops are folded forward 
the T-piece f itt ings wil l  be on top of the counterlungs. Again, the 
grommets chosen are based on personal preference and you should 
try dif ferent positions and choose one that is most comfor table. The 
lower the counterlungs are mounted on the canister, the fur ther back 
on your shoulders the T-pieces wil l  lay.

 ■ Next, the backplate wil l  be mounted on the canister, and everything 
held sandwiched in place with the wing nuts provided. If using BMCLs, 
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secure the top of the counterlungs to the harness using the Velcro 
retaining straps as shown.

 ■ I f  using OTSCLs, these wil l  mount on the harness using the Velcro 
straps on the backside of the counterlungs, along with the plastic 
quick release buckle at the top of the counterlungs.

Breathing Loop Assembly
The breathing loop is assembled by install ing the head on the canister, 
and then connecting the breathing hoses to the head, T-pieces, and 
mouthpiece, and install ing the T-pieces on the counterlungs.

To install the head on the canister:
 ■ Place the head on the top of the canister so it l ines up straight with 

the rest of the unit. Press down firmly on the center of the head, you 
should feel a “click” as the cell cover mates with the scrubber canister.

 ■ Press down evenly with two hands on the outside edge of the locking 
ring on the head and turn clockwise until the ring locks in place (about 
an eighth of a turn). You wil l  feel the locking ring snap firmly into the 
locked position.

 ■ Inspect the back of the canister and head, you should see that the 
red dots on the head and canister l ine up. If the red dots do not l ine 
up, the head is not installed correctly.

 ■ Install the oxygen feed line onto the right-angle f itt ing on the top of 
the head. This f itt ing should be wrench tight.

Next, you wil l  want to ensure the breathing hoses are securely fastened 
to the T-pieces.
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 ■ Check the hose clamps holding the breathing hoses in place on the 
T-pieces, if  they are loose at all ,  snug them up with a size ¼” nut 
driver or flathead screwdriver.

Install the T-pieces on the counterlungs:
 ■ Verify the T-piece O-rings are clean and properly lubricated and the 

counterlung opening is also properly cleaned and free of debris.
 ■ Slide the counterlung anti-collapse tubing (only required with BMCL) 

into the counterlung.
 ■ Push the T-piece evenly into the counterlung opening, being cautious 

to not force it if  there is resistance. If you feel resistance, it is pos-
sible an O-ring has rolled or been pinched and it will not seal properly.

 ■ Begin threading the T-piece nut into the counterlung a few turns. This 
should be smooth and easy, if  any amount of force is necessary, you 
may be cross threading the nut and permanently damaging the T-piece 
and counterlung f itt ing.

 ■ Push the T-piece fur ther into counterlung f itt ing, and continue threa-
ding the nut. Repeat this process unti l  the nut is secured on the 
counterlung. Do not over tighten these f itt ings.

If using BMCLs, you wil l  now need to install the MAVs on the T-pieces
 ■ Thread the low-pressure hose f itt ings from the diluent and oxygen 

MAVs onto the inhale and exhale T-piece’s right angle low pressure 
fittings respectively and tighten with a wrench. If lef t f inger tight, this 
f itt ing can come loose prematurely while under pressure.

 ■ Route and secure the MAV low pressure hoses to the harness so the 
MAV rests in a position that is comfor table, convenient and easy to 
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access.
 ■ If the Defender CCR is fitted with an ADV, you will also need to connect 

the ADV low pressure feed hose to the ADV.

Install the breathing hoses to the head:
 ■ Inspect, clean and lubricate the bayonet f itt ings and O-rings as nee-

ded.
 ■ Carefully push the hose end of the bayonet f itt ing into the head, this 

should be unrestricted. If any resistance is felt,  the O-ring may have 
rolled or been pinched. Remove the hose and inspect the O-ring and 
f itt ings for debris and proper lubrication and re-install the hose.

 ■ Once the hose is inser ted into the f itt ing, push the bayonet f itt ing in 
towards the fitting and turn clockwise until you hear an audible “click”, 
indicating the hose is locked in place. The white spring activated but-
ton should pop into the lock position preventing the connector from 
turning until  it  is depressed.

 ■ Rotate the hoses to the desired position for optimal loop comfor t.

Install mouthpiece
 ■ Prior to install ing the mouthpiece, always conduct a flow direction 

test by placing the mouthpiece in your 
mouth and switching it  to closed circuit 
mode (lever in horizontal position). Place 
your hand over the exhale side creating a 
seal and exhale normally into the mouth-
piece, you should not be able to exhale and 
you should not hear gas leaking out of the 
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inhale mushroom valve. Repeat the process for the inhale side, except 
you wil l  now inhale normally through the mouthpiece You should not 
be able to inhale, nor hear gas leaking in through the exhale mushroom 
valve.

If the mouthpiece fails the flow direction test, STOP and replace 
the mushroom valves per replacement instructions found in Chap-
ter 7 of this manual before moving forward with the unit set up. 
Properly working mushroom valves are critical to the operation of 
the CCR. Failure to ensure proper operation of the mushroom valves 
located in the mouthpiece will lead to a CO2 build up and serious 
injury or death.

 ■ Install breathing hoses on the mouthpiece following the same steps 
as head assembly.

 ■ Route the BOV low pressure feed hose to your preference and attach 
it to the BOV LP hose f itt ing. This f itt ing should be carefully snugged.

Calibration (without calibration kit)
While it is not necessary to re-calibrate the unit prior to every day of 
diving, it is absolutely necessary to check  the calibration to verify it is 
accurate. The SubGravity Defender calibration kit is a great tool that 
speeds up this process while only using a small amount of oxygen. Howe-
ver, if  you do not have the calibration kit on hand, you can follow these 
steps to calibrate the unit.

 ■ With the loop fully assembled, put the mouthpiece in your mouth and 
switch the BOV to closed circuit mode and inhale through your mouth 
and exhale through your nose repeatedly until you can no longer inhale 
then close the mouth piece, initiating a “negative” on the loop.

 ■ Manually inject oxygen into the loop until  the counterlungs are com-
pletely full  ( initiating a “positive”).
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 ■ Repeat the above steps two more times to completely flush the loop 
with oxygen, depleting the loop of diluent completely.

 ■ Check the calibration on the handsets to see if it  is accurate (i .e., if 
at sea level calibrating with 100% oxygen, all  sensors should read 
1.0 PO2). If  not, follow the calibration instructions found in the SG-1 
electronics manual and secondary handset manufacturer’s manual.

Loop Integrity Checks
Once the loop has been assembled, you wil l  need to check for leaks by 
conducting positive and negative pressure tests.

Negative pressure test:
 ■ Verify the diluent and oxygen cylinders are turned of f and any excess 

pressure has been bled out of the l ines by pressing the MAV buttons 
until  gas stops injecting (if either cylinder is lef t on, the unit could 
inject gas through the ADV or oxygen solenoid, creating a false failure 
of the negative pressure check).

 ■ Place the mouthpiece in your mouth and switch the BOV to closed 
circuit mode.

 ■ Inhale through the mouthpiece and exhale through your nose repea-
tedly until  you can no longer inhale, and close the mouthpiece.

 ■ The counterlungs should collapse, and the breathing hoses contract. 
Watch the hoses closely for a minimum  of 60 seconds, if they begin 
to “relax” at all  and the loop drops quickly, it  could be an indication 
that gas is leaking into the loop somewhere. This would indicate that 
while submerged, water would ingress into the loop. If equipped with 
an ADV, you can also watch the ADV diaphragm. When a negative pres-
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sure exists, the diaphragm will  be pulled in or collapsed. If the unit 
fails the negative pressure test, the diaphragm will  relax outwards.

 ■ When you open the mouthpiece, you should hear an obvious sound 
of the rush of gas going back into the loop and the breathing hoses 
and counterlungs wil l  relax. Again, if  equipped with an ADV the ADV 
diaphragm will  relax outwards.

 ■ If your visual inspection is inconclusive, you can use your rebreather’s 
primary or secondary handsets as a loop pressure gauge to verify 
the loop’s integrity.  Because the electronics mil l ivolt readings are 
based on par tial pressure of oxygen in the system, the readings wil l 
react to positive and negative pressure in the loop. Turn on a handset 
and monitor the mill ivolt readings as you conduct another negative 
pressure check. As soon as you pull the negative, you should see the 
mill ivolt readings drop slightly as pressure inside the loop decreases.  
If the mill ivolts begin to rise and stabil ize at the original reading, this 
indicates a leak in the loop.

 ■ I f  a leak is found by conducting the negative pressure test, check 
all hose f itt ings (both breathing hoses and low pressure hoses) and 
counterlung over-pressure valve for debris and proper lubrication, 
re-assemble the loop and conduct another negative pressure check.

 ■ Once the unit passes the negative pressure check, you can move 
forward with the next step.

Positive pressure check
 ■ Verify the oxygen cylinder is turned of f and any excess pressure has 

been bled out of the l ines by pressing the MAV buttons unti l  gas 
stops injecting (if either cylinder is lef t on, the unit could inject gas 
through the oxygen solenoid, which could hide evidence of a leak in 
the breathing loop).
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 ■ I f  using OTSCLs with an adjustable OPV, ensure it  is in the closed 
position.

 ■ Place mouthpiece in your mouth and switch the BOV to closed circuit 
mode.

 ■ Inhale through your nose and exhale into the loop repeatedly unti l 
you can no longer exhale OR inject diluent into the loop via the MAV 
until  the overpressure valve in the exhale counterlung vents.

 ■ Close the mouth piece from closed circuit to open circuit mode to 
close of f the loop. 

 ■ The counterlungs should be visibly “ful l” and the breathing hoses 
expanded. Watch the hoses and counterlungs closely for a minimum 
of 60 seconds. If they begin to deflate, this indicates a leak in the 
breathing loop.

 ■ If your visual inspection is inconclusive, you can use your rebreather’s 
primary or secondary handsets as a loop pressure gauge to verify 
the loop’s integrity.  Because the electronics mil l ivolt readings are 
based on par tial pressure of oxygen in the system, the readings wil l 
react to positive and negative pressure in the loop. Turn on a handset 
and monitor the mill ivolt readings as you conduct another positive 
pressure check. As soon as you inflate the loop, you should see the 
mill ivolt readings increase slightly as pressure increases in the loop.  
If  the mill ivolts begin to fall  and stabil ize at the original reading, this 
indicates a leak in the loop.

 ■ I f  a leak is found by conducting the posit ive pressure test,  check 
all hose f itt ings (both breathing hoses and low pressure hoses) and 
counterlung over-pressure valve for debris and proper lubrication, 
re-assemble the loop and conduct another positive pressure check.
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 ■ Once the unit passes the posit ive pressure check, you can move 
forward with the next step in your unit assembly.

If, for any reason, any seal in the loop must be broken prior to diving 
(eg. to change a oxygen sensor or check the scrubber after travel), 
positive and negative pressure checks must be conducted again to 
verify loop integrity.

High Pressure Leak Checks
High pressure leak checks are vital to catching leaks in the oxygen and 
di luent high and low pressure hoses, and can avoid frustrating last 
minute repairs at the dive site or abor ted dives from fai led in-water 
bubble checks.

 ■ Ensure the primary handset is turned of f, or the PO2 in the loop is 
above the setpoint selected ( if  the solenoid f ires during the high-
pressure leak check it wil l  falsely indicate a failed test).

 ■ Turn on both the oxygen and diluent tank valves, noting the pressure 
reading on the SPGs.

 ■ Turn both cylinders of f and let sit for a minimum  of 60 seconds.
 ■ One at a t ime, turn each cyl inder on while watching the pressure 

gauge. If the SPG needle jumps up, it means gas has leaked out of 
the system somewhere and needs to be f ixed.
Note: Brand new high and low pressure hoses wil l  stretch slightly in 
the f irst few uses.  If  you have brand new hoses installed on your 
Defender CCR, the expansion caused by the hoses stretching may 
create a false fai lure of the high-pressure leak check.  Leave the 
cyl inder valves open for several minutes before shutting them of f 
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and conduct the test several t imes to allow the hoses to stretch out 
slightly before trying to f ind a leak.

 ■ I f  the unit fai ls the high-pressure leak check, inspect all  high and 
low pressure hoses and their f itt ings for leaks. If you cannot f ind the 
leak, spray soapy water on the f itt ings, or submerge the unit in water 
and watch for bubbles.

 ■ Once the unit passes all  high-pressure leak checks, you may move 
on to the next step.

Summary
Proper assembly and preparation are key to successful rebreather diving.  
A missed step or ignored failed check can kil l  you. Take your time, be 
dil igent and cautious when preparing your Defender CCR for use, and 
avoid distractions whenever possible.

Quick Review
 ■ Your unit fails a negative pressure check, what could one potential 

cause be?
 ■ How would you resolve a leaking breathing hose connection?
 ■ What are 3 potential assembly mistakes that could cause CO2 bypass?
 ■ If  using the calibration kit, would you calibrate your sensors before 

or af ter assembling the loop?
 ■ If  you need to remove a breathing hose in-between dives, would you 

need to conduct another round of loop integrity checks?
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A fter diving the Defender CCR, it must be disassembled and clea-
ned properly to extend the unit’s service l ife and to avoid conta-
mination in the breathing loop.

 This chapter wil l  discuss the post-dive breakdown and cleaning proce-
dures including:

 ■ Exterior Rinsing and Cleaning
 ■ Head and Canister Breakdown
 ■ Loop Cleaning and Disinfecting
 ■ Interior Rinsing and Loop Cleaning
 ■ Storage In-between Use

Important Considerations for Practical Application
 ■ Proper rinsing can prevent corrosion along with salt and mineral buil-

dup on external Defender CCR components.
 ■ Condensation and moisture must be cleaned out of the head and 

canister at the completion of every dive day.
 ■ Failure to properly clean and dry the counterlungs and breathing hoses 

can result in bacteria and fungus growth which may cause serious 
health issues.

 ■ Oxygen sensors are susceptible to damage from extreme tempera-
tures and moisture, and should always be stored in a way to prevent 
exposure to these conditions.

CHAPTER 5
BREAKDOWN AND CLEANING



DEFENDER CCR

52

Never use the following products or similar types of products on 
ANY component or surface of the Defender CCR: Products which 
contain alcohol, high concentrations of chlorine, ammonia, gasoline, 
Benzene or any petrochemical-based solvent. In addition, polishes, 
wax, abrasives, home or automotive cleaning products, glues bin-
ding agents, other adhesives, or plastic fillers other than those 
specifically listed in the maintenance and troubleshooting section 
of this manual. 

Exterior Rinsing and Cleaning
Rinsing your SubGravity Defender CCR with clean fresh water immedia-
tely af ter use wil l  help prolong service l ife by preventing corrosion and 
salt and mineral buildup. When possible, dunk the entire rebreather 
into a freshwater rinse tank and agitate for a few minutes to adequa-
tely rinse any salt or contaminated water from the unit. If  a rinse tank 
is not available, a standard garden hose wil l  work as well.  Spray down 
the entire rebreather, focusing extra attention on all hose f itt ings and 
the mouthpiece.

Avoid spraying high pressure water directly on the pressure sensor 
of the primary or secondary PO2 monitoring devices. Doing so may 
damage the pressure sensor rendering it inoperable.

Head and Canister Breakdown
Under normal diving condit ions, i t  is common to have condensation 
buildup inside the canister and head. If  not cleaned af ter use, this 
condensation can accumulate and contribute to corrosion and faulty 
oxygen sensor readings. Even if diving the next day, it is impor tant to 
break the canister and head down and remove any condensation. If the 
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canister is ever flooded, even mildly, the 
water can react with the sorb causing a 
caustic solution that can severely damage 
the inside of the canister and electronics. 
A flooded canister must be cleaned thorou-
ghly as soon as possible to prevent perma-
nent damage.

 ■ Unlock the head from the canis-
ter by applying even pressure 
down on the locking r ing and 
turning counter-clockwise.

 ■ Use the cutout on the backside 
of the head as a handle and pull 
the head straight up and of f of 
the canister. If you have trouble 
removing the head, inflate the loop using the MAVs to create posi-
tive pressure inside the loop, which wil l  push the head up of f of the 
canister. To avoid this dif f iculty in the future, be sure to adequately 
lubricate the main head O-rings along with the O-ring of the cell car-
tridge cover that mates with the scrubber.

 ■ Remove the breathing hoses from the head by pushing the white 
button on the head next to the bayonet f itt ing and turning the f itt ing 
counter clockwise until  it  releases.

 ■ Once the head is removed, remove the cell car tridge cover and pull 
out the cell car tridge and place in a safe dry location. Wipe any excess 
condensation out of the inside of the head using a clean towel. Allow 
the head and cells to dry out completely before re-install ing the cell 
car tridge.
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 ■ Remove the scrubber and spacer from the canister and wipe the excess 
condensation and any loose sorb dust out of the canister.

 ■ Clean excess sorb dust of f al l  components, especially sealing sur-
faces and O-rings. If needed, remove the O-rings and clean with soapy 
water and re-lubricate. Being dil igent with cleaning O-rings and sea-
l ing sur faces each time the unit is broken down will  save time and 
frustration in the future.

 ■ I f  you wil l  be using the optional canister storage l id, immediately 
replace the spacer and scrubber and install  the storage l id on the 
canister. Doing so wil l  reduce the l ikelihood of losing the spacer or 
worse, forgetting to install it  prior to your next dive.

 ■ If  you wil l  not be using the canister storage l id, replace the spacer in 
the canister and seal the scrubber inside an air tight container (Tup-
perware or dry bags work well for this).

Using a quality microfiber towel to clean o-rings and sealing sur-
faces will help reduce the likelihood of inadvertently leaving lint or 
towel fibers behind, possibly causing problems with seals.

Loop Cleaning and Disinfecting
Failure to clean and disinfect your breathing loop may result in bacteria 
and fungus growth, causing serious lung infections. Great care should 
always be taken to properly clean and disinfect your SubGravity Defen-
der CCR’s breathing hoses and counterlungs in-between days of diving.

 ■ Remove breathing hoses from head and mouthpiece and allow the 
moisture to run out of the hoses, several teaspoons of water is expec-
ted in the exhale side of the breathing hose and counterlung af ter 
a dive, and you may f ind some residual condensation in the inhale 
side as well.
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 ■ Remove T-pieces from counterlungs.
 ■ Remove counterlungs from harness.
 ■ Rinse inside of breathing hoses and counterlungs with fresh water.
 ■ Rinse inside of breathing hoses and counter-

lungs with Steremine solution. DO NOT rinse 
with water af ter.

 ■ Hang breathing hoses and counterlungs to 
dry. It is extremely impor tant the all compo-
nents of the breathing loop are completely 
dry before being stored, as damp environ-
ments are breeding grounds for bacteria and 
fungus.

 ■ Rinse the mouthpiece with fresh water.

Consult manufacturer instructions for use and Material Safety Data 
Sheets for further safety recommendations for these materials.

Never attempt to clean your Defender CCR, or any part of your 
rebreather in a machine dishwasher or any other type of device 
that utilizes high pressure jets of cold, warm or hot water.

Never use the following products or similar types of products on ANY 
component or sur face of the Defender CCR:

 ■ Products which contain alcohol, high concentrations of chlorine, am-
monia, gasoline, Benzene or any petrochemical-based solvent.

 ■ Polishes, wax, abrasives, home or automotive cleaning products, glues, 
binding agents, other adhesives or plastic f i l lers other than those 
specif ically l isted in this manual.
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Storage In-between Use
Whether you will  be diving the next day, or not for another month, proper 
storage of your SubGravity Defender CCR is essential.

 ■ In-between days of diving: If  you wil l  be diving your Defender CCR 
within 24 hours, you may store the unit broken down and lef t open 
to dry. Make sure the scrubber is sealed in an air tight container or 
inside the canister with the storage l id in place.

 ■ If  storing your unit for more than 24 hours: Wait until  all  components 
are completely dry. You may choose to par tially re-assemble the loop 
and reinstall the counterlungs so the unit is closer to fully assembled 
when it comes time to dive again; or you can store the unit in a hard 
case in your gear locker. Either way, the most crit ical point is that 
the interior of the breathing loop has been cleaned and is completely 
dry prior to storing. Depending on your location and where the unit is 
stored, it may be a good idea to seal the ends of the breathing hoses 
and counterlungs with wads of paper towel or other means in order 
to keep unwanted critters from making your breathing loop their nest.  

 ■ Oxygen sensor storage: Oxygen sensors are fragile components that 
are susceptible to damage from extreme temperatures and moisture.  
Always remove your cell car tridge and store in a cool and dry envi-
ronment.

Store above 50C or 122F on an intermittent basis only; Do not allow 
sensors to freeze; Do not store sensors in atmospheres devoid of 
all oxygen.
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Summary
While the Defender CCR breakdown, cleaning and storage procedures 
are simple, they are extremely impor tant for extending the service l ife 
of your rebreather as well as avoiding loop contamination.

Quick Review
 ■ What are two methods for removing salt and mineral deposits from 

the exterior of you Defender CCR?
 ■ How of ten should condensation and moisture be cleaned out of the 

inside of the canister and head?
 ■ How much moisture should you leave inside the breathing hoses and 

counterlung when storing?
 ■ What type of environment should your oxygen sensors be stored in?
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G eneral care and maintenance is vital to keeping your Defender 
CCR in optimal working condition. Maintaining your rebreather 
appropriately will  both extend its service life and increase relia-

bil ity in the water.

This section wil l  discuss...
 ■ Recommended Service Intervals
 ■ Canister Care and Maintenance
 ■ Oxygen Sensor Care and Maintenance
 ■ Electronics Care and Maintenance
 ■ Mouthpiece Care and Maintenance
 ■ Breathing Loop Care and Maintenance
 ■ High and Low Pressure Hose Care and Maintenance
 ■ Recommended Spare Par ts Kit

Important Considerations for Practical Application
 ■ Oxygen sensor per formance should be carefully monitored throughout 

its service l ife.
 ■ Several factors l imit the service l ife of an oxygen sensor, all  of which 

need to be tracked and monitored.

CHAPTER 6
GENERAL CARE AND 
MAINTENANCE
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 ■ The Shrimp BOV requires regular service by the user to maintain pro-
per operation.

 ■ Spare par ts kits are available for purchase directly from SubGravity 
and SubGravity dealers. Having these par ts on hand can be the dif-
ference between cancell ing the dive and needing a few extra minutes 
to set up.

 ■ Regular factory service is required to maintain proper operation of 
non-user serviceable components.

Recommended Service Intervals

ALL SERVICE INTERVALS BELOW ARE REQUIRED MINIMUMS. USERS 
SHOULD COMPLETE THE DEFENDER CCR EQUIPMENT INSPECTION 
CHECKLIST PRIOR TO EACH DIVE TO ENSURE THAT ALL COMPO-
NENTS ARE IN WORKING CONDITION AND SAFE TO DIVE. 

Item Service Interval Notes
First Stages Annual service Qualified technician, as 

recommended by f irst 
stage manufacturer.

Annual O-ring Kit Annual service User
Factory Service Every three years SubGravity service cen-

ter
Solenoid Every two years SubGravity service cen-

ter
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ADV (BMCL) Annual service SubGravity service cen-
ter

90-degree adapters Annual service User
Low pressure shut of f 
valve (ADV)

Annual service User

ADV (OTSCL) Annual service User
MAV (DIL) Annual service User
MAV (O2) Annual service SubGravity service cen-

ter
LP & HP hose O-rings Annual replacement User
E l e c t r i c a l  c o n t a c t s 
(molex, banana plugs, 
cell  car tridge connec-
tors,  cable and head 
connections)

Annual inspection and 
cleaning

User

Oxygen Sensors Annual  rep lacement 
(minimum)

User

BOV Ball Valve Lubr icat ion ever y  3 
months

User

BOV Annual service SubGravity service cen-
ter

BOV Mushroom Valves Annual replacement User
Cylinders As per local regulations 

require
As per local regulations 
require cer tif ied hy-
drostatic testing, VIP or 
O2 clean service center
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LP & HP Diluent hoses A n n u a l  i n s p e c t i o n , 
replacement ever y 5 
years

User

LP & HP O2 hoses Annual  inspect ion & 
oxygen cleaning. Repla-
cement every 5 years

SubGravity service cen-
ter

SPGs Annual inspection, re-
placement as neces-
sary

User

Breathing loop hoses Annual inspection, re-
placement as neces-
sary

User

Canister Care and Maintenance
The canister is very robust and does not need much in terms of long-
term care. Over t ime, you may star t to see a buildup of sorb dust or 
l ight corrosion inside the canister or on the scrubber. A rag with warm 
soapy water is suf f icient for cleaning most of the canister and scrubber 
components, however a diluted white vinegar solution and an old tooth-
brush can be used to clean up excessive buildup on stubborn aluminum 
or steel par ts. Always complete a f inal rinse with fresh water to remove 
the soapy water and/or vinegar.

Oxygen Sensor Care and Maintenance
As explained in the previous chapter, oxygen sensors are fragile compo-
nents and they must be carefully maintained. This does not mean that 



DEFENDER CCR

62

they need to be meticulously cleaned but they must be stored correctly 
and their per formance closely monitored.

 ■ Storage: Always store sensors in a cool dry place away from extreme 
temperatures (hot or cold). Avoid transpor ting sensors in a way that 
wil l  subject them to shock, as this can easily damage the sensor.

 ■ Monitoring: A rebreather diver must monitor their cells regularly. When 
setting up your unit, track mill ivolt readings in both air and oxygen. 
An expiring sensor wil l  of ten show a sudden drop mill ivolt output that 
wil l  be noticed if you have been keeping track. While this sensor may 
be within tolerance and calibrate just f ine, it is on its way out and 
should be replaced immediately. You should also check that your cells 
are per forming linearly on a regular basis, and track this per formance 
as well.  Cell checkers help with this, as they allow you to check the 
cell’s per formance above 1 atmosphere to identify non-l inear beha-
vior at a PO2 above 1.0.

 ■ Replacement: Do not use an oxygen sensor beyond any of the following 
l imits (whichever occurs f irst):
-  15 months af ter manufacture date.
- 12 months af ter installation date.
- Af ter manufacturer’s “do not use af ter” date.
- Cell shows signs of deterioration (sudden drop of f in mill ivolt rea 
 dings, slow response time, non-linear output, etc.).
-  Cell has been physically damaged (dropped, flooded etc.).

Always acclimate sensors to ambient air (remove from sealed pac-
kaging) for a minimum of 24 hours before calibration or use.
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Electronics Care and Maintenance
Refer to the latest SG-1 electronics manual and secondary handset’s 
manufacturer’s manual for information on maintaining the handsets and 
HUD. The stainless steel cable connections should be cleaned regularly, 
and the O-rings properly cared for and lubricated. If there is noticeable 
deterioration in the O-rings, replace them prior to use.

Mouthpiece Care and Maintenance
The Shrimp BOV will require regular user serviceable maintenance inclu-
ding lubrication and mushroom valve replacement.

 ■ Lubrication: Every three months or whenever the ball  valve opera-
tion feels “stif f”. In order to maintain a one-handed operation on the 
shrimp BOV it is impor tant to keep it well lubricated. Typically, when 
the operation becomes stif f it  is time for an overhaul including clea-
ning and re-lubricating. However, in-between overhauls, it is possible 
to per form a simple lubrication to the ball valve assembly. Without 
complete disassembly of the BOV the easiest access to lubricating 
the ball valve is found by removing the mushroom valve assemblies. 
To maintain the Shrimp BOV, go through the following steps:
 - Remove the 4 screws attaching the mouthpiece plate onto the BOV. 
 - With the 4 screws removed pull the mouthpiece plate of f of the 

BOV body. There is one O-ring sealing this piece to the body. 
 - With the plate removed and the BOV in closed circuit position you 

wil l  be able to f it your f inger inside the BOV to push the mushroom 
valve holders out of the BOV.
 - With the mushroom valve holders out of the BOV, place the BOV 

in the open circuit position and gently grease the ball valve through 
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the inhale and exhale openings to the BOV. As you open and close 
the BOV the grease placed on the ball valve wil l  transfer to the cor-
responding O-rings allowing a smooth one handed operation. Replace 
the mushroom valve holder assemblies taking care to maintain a lef t 
to right flow of gas.
 - Af ter complete re-assembly, be sure to per form a flow check on 

the BOV.

 ■ Mushroom valve replacement: Annual or whenever a valve fails the 
flow direction test. To replace the mushroom valves, go through the 
following steps:
 - Remove breathing hoses from mouthpiece.
 - Use an O-ring pick or needle nose pliers to carefully pull mushroom 

valve cage out of the BOV.
 - Pull mushroom valve out of cage.
 - Inspect, clean and lubricate the mushroom valve cage as necessary.

 - Install new mushroom valve by carefully pushing the nipple through 
the hole in the center of the cage and pull ing through from the other 
side.
 - Re-install the mushroom valve cages and verify f low direction by 

conducting flow direction test.
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It is possible to install the mushroom valves backwards, which would 
reverse the direction of gas flow through the Defender CCR.  Take 
special care when re-installing the mushroom valves and conduct 
a flow direction test to verify correct assembly and that gas flows 
from divers left to divers right.

Breathing Loop Care and Maintenance
Regular cleaning and proper storage of the SubGravity Defender CCR 
breathing hoses and counterlungs is essentially all  the maintenance 
required. Inspect all  hoses regularly, including squeezing the hose 
every couple of inches to assess whether the hose exhibits the same 
degree of flex. Any indication of a change in the resistance while 
squeezing along the length of the hose could indicate a potential pro-
blem. Do not clean out the inside of any hose with a detergent. Use 
warm water and a mild soap, and dry in a ventilated room. As with all 
sealing sur faces and O-rings, you wil l  want to regularly inspect the T-
pieces and bayonet f itt ings for debris and proper lubrication. You wil l 
also want to inspect the counterlung over-pressure valve periodically 
for proper function, and remove and clean as necessary.

High and Low Pressure Hose Care and Maintenance
All low and high pressure hoses have a l imited service-l ife irrespective 
of the external appearance. If there is any sign of gas-flow restriction 
in the regulator assembly, the diver should stop using the regulator 
immediately. A careful inspection of the regulator and the hose should 
be per formed.
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Recommended Spare Parts Kit
SubGravity of fers pre-packaged spare par ts kits for the Defender CCR 
containing replacement O-rings for all  components of the Defender CCR 
except the internal BOV and regulator f irst stage components.

Summary
Keeping up with general maintenance and servicing wil l  not only extend 
the service l ife of your Defender CCR, it also reduces the l ikelihood of 
encountering issues in the assembly process and in the water.

Quick Review
 ■ What can be used to clean excess corrosion and sorb buildup from 

the canister?
 ■ When should an oxygen sensor be replaced?
 ■ How of ten does the Shrimp BOV need to be lubricated?
 ■ What can happen if you fail  to replace a leaking mushroom valve?
 ■ How of ten does your Defender CCR need to be returned to a service 

center for factory servicing?
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T he Appendix of this manual is a quick reference for impor tant 
information regarding Defender CCR setup, use, and technical 
specif ications.

The following pages include:
 ■ Checklists
 ■ 3 Hs Dril ls
 ■ Technical Specif ications
 ■ Limitations on Use
 ■ General Warnings/Cautions/Notices

DEFENDER CCR MANUAL
APPENDIX



 ■ Pack Scrubber (or note re-

maining scrubber duration if 

already packed)

 ■ Assemble Canister

 ■ Assemble Cylinders

 □ Analyze and label oxygen and di-

luent cylinders

 □ Install cylinders on canister

 ■ Install Scrubber

 □ Ensure spacer is properly installed

 ■ Assemble Head

 □ Connect handset cables to the head

 □ Turn on handsets and check battery 

voltage and verify sufficient charge

 □ Check expiration date on oxygen 

sensors and verify within service 

range

 □ Install sensors into cell car tridge

 □ Install cell car tridge into head

 □ Check sensor mv readings are wit-

hin range (9-14mv)

 ■ Configure Handsets (reference 

SG-1 electronics and secon-

dary handset user manual)

 □ Set diluent and bailout gases

Defender CCR Assembly Checklist with Calibration Kit
This checklist should be util ized whenever assembling the Defender CCR for use. 

For detailed instructions for each step, reference chapter 5 of the SubGravity De-

fender CCR User Manual.

 ■ Calibrate/Verify Calibration 

on Handsets

 □ Install the oxygen calibration plug 

into the bottom of the cell cartridge 

cover.

 □ Install the calibration over-pressure 

valve into the inhale breathing hose 

port.

 □ Connect the oxygen LP hose from 

an analyzed oxygen source (onboard 

O2 supply, or other verified oxygen 

source) and crack the valve open.

 □ Flush the head with oxygen until you 

see the millivolt readings stabilize on 

both handsets.

 □ Check the calibration on the hand-

sets to see if it is accurate (i.e., if 

at sea level calibrating with 100% 

oxygen, all sensors should read 1.0 

PO2). If not, follow the calibration ins-

tructions found in the SG-1 electro-

nics manual and secondary handset 

manufacturer’s manual.

DEFENDER CCR CHECKLIST



 ■ Install Wing, Harness, and 

Counterlungs onto the Canister

 ■ Assemble Breathing Loop

 □ Install head on the canister- verify 

red dots l ine up

 □ Install the oxygen feed line 

 □ Install breathing hoses on T-pieces

 □ Install T-pieces on counterlungs

 □ Connect MAV hoses to T-pieces 

(BMCL only)

 □ Connect ADV feed hose to ADV (if 

equipped)

 □ Connect LP quick connects to MAVs

 □ Install breathing hoses on head

 □ Conduct flow direction test

 □ Install mouthpiece

 □ Connect BOV LP feed hose

 ■ Conduct Negative Pressure 

Check

 □ Verify diluent and oxygen cylinders 

are of f

 □ Pull negative on the loop and close 

mouthpiece

 □ Wait 60 seconds and verify suc-

cessful check

 ■ Conduct Positive Pressure 

Check

 □ Verify diluent and oxygen cylinders 

are off

 □ Add gas to the loop until OPV vents

 □ Wait 60 seconds and verify success-

ful check

 ■ Conduct High Pressure Leak 

Checks

 □ Ensure the primary handset is tur-

ned off

 □ Turn on both the oxygen and diluent 

tank valves, noting the pressure rea-

ding on the SPGs.

 □ Turn both cylinders off and let sit for 

a minimum of 60 seconds.  

 □ One at a time, turn each cylinder on 

while watching the pressure gauge, 

verify successful check

If  not diving immediately, verify 
PO2 in the loop is above .4 and the 
mouthpiece is closed.  Shut down 
handset and cylinders, and bleed 
any pressure out of the system.

If diving immediately, proceed to 
predive checks.

DEFENDER CCR CHECKLIST



 ■ Pack Scrubber (or note re-

maining scrubber duration if 

already packed)

 ■ Assemble Canister

 ■ Assemble Cylinders

 □ Analyze and label oxygen and di-

luent cylinders

 □ Install cylinders on canister

 ■ Install Scrubber

 □ Ensure spacer is properly installed

 ■ Assemble Head

 □ Connect handset cables to the head

 □ Turn on handsets and check battery 

voltage and verify sufficient charge

 □ Check expiration date on oxygen 

sensors and verify within service 

range

 □ Install sensors into cell car tridge

 □ Install cell car tridge into head

 □ Check sensor mv readings are wit-

hin range (9-14mv)

 ■ Configure Handsets (reference 

SG-1 electronics and secon-

dary handset user manual)

 □ Set diluent and bailout gases

Defender CCR Assembly Checklist without Calibration Kit
This checklist should be util ized whenever assembling the Defender CCR for use. 

For detailed instructions for each step, reference chapter 5 of the Defender CCR 

User Manual.

 ■ Install Wing, Harness, and 

Counterlungs onto the Canister

 ■ Assemble Breathing Loop

 □ Install head on the canister- verify 

red dots line up

 □ Install the oxygen feed line 

 □ Install breathing hoses on T-pieces

 □ Install T-pieces on counterlungs

 □ Connect MAV hoses to T-pieces 

(BMCL only)

 □ Connect ADV feed hose to ADV (if 

equipped)

 □ Connect LP quick connects to MAVs

 □ Install breathing hoses on head

 □ Conduct flow direction test

 □ Install mouthpiece

 □ Connect BOV LP feed hose

 ■ Conduct Negative Pressure 

Check

 □ Verify diluent and oxygen cylinders 

are of f

 □ Pull negative on the loop and close 

mouthpiece

 □ Wait 60 seconds and verify suc-

cessful check

DEFENDER CCR CHECKLIST



 ■ Conduct Positive Pressure 

Check

 □ Verify diluent and oxygen cylinders 

are off

 □ Add gas to the loop until OPV vents

 □ Wait 60 seconds and verify success-

ful check

 ■ Calibration (without calibra-

tion kit)

 □ Flush loop with oxygen 3 times.  

 □ Check the calibration on the hand-

sets to see if it is accurate (i.e., if 

at sea level calibrating with 100% 

oxygen, all sensors should read 1.0 

PO2).  If not, follow the calibration 

instructions found in the SG-1 and 

secondary handset manufacturer’s 

manual.

 ■ Conduct High Pressure Leak 

Checks

 □ Ensure the primary handset is tur-

ned off

 □ Turn on both the oxygen and diluent 

tank valves, noting the pressure rea-

ding on the SPGs.

 □ Turn both cylinders off and let sit for 

a minimum of 60 seconds.  

 □ One at a time, turn each cylinder on 

while watching the pressure gauge, 

verify successful check

If  not diving immediately, verify 
PO2 in the loop is above .4 and the 
mouthpiece is closed.  Shut down 
handset and cylinders, and bleed 
any pressure out of the system.

If diving immediately, proceed to 
predive checks.
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 ■ Mushroom Valve Check

 ■ Check Remaining Scrubber Du-

ration

 □ Re-pack scrubber if needed

 □ Reset stack t imer to appropriate 

time

 ■ Install Analyzed + Labeled Gas 

Cylinders

 ■ Negative Pressure Test (hold 

for a minimum of 1 minute)

 □ Open BOV 

 □ Inhale from BOV in CC mode, ex-

haling through nose until  counter-

lungs are fully collapsed 

 □ Close BOV 

 □ Allow to sit  for one minute (mini-

mum); watch for sigwns of leaks. 

 ■ Positive Pressure Test (hold 

for a minimum of 1 minute)

 □ Close OPV 

 □ Fil l  loop fully until  OPV vents 

 □ Allow to sit for one minute, watch 

for signs of leaks 

 □ Open BOV to re lease pressure, 

close BOV

Defender CCR Detailed Functionality Checklist
To be competed each dive day, af ter having completed the full  assembly checklist.

 ■ Diluent & Oxygen System Leak 

Test (hold for a minimum of 30 

seconds)

 □ Open diluent & oxygen cylinders 

slowly allowing hoses to pressurize, 

close valves

 □ Watch pressure gauges for pressure 

lost for a min-imum of 30 sec

 □ Open diluent & oxygen cylinders

 ■ Turn On SG-1 & Secondary

 □ Change to MANUAL (M) Setpoint

 ■ Flush Loop with Oxygen (3 

times)

 □ Close BOV 

 □ Fill loop with oxygen

 □ Evacuate loop fully (if equipped, en-

sure ADV is isolated)

 □ Repeat steps B & C, 1 more time

 □ Fill loop with oxygen 

 □ Quickly open and close the BOV to 

bring loop to ambient pressure
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 ■ Check Calibration

 □ Check for appropriate PO2 (conside-

ring altitude)

 □ If needed, perform calibration accor-

ding to user manual

 □ Check mV readings (acceptable: 

40mV or greater in 100% oxygen at 

sea level) 

 ■ Check ADV, BOV, MAV and 

Power Inflator

 □ Inhale from BOV (being cautious if 

using a hypoxic diluent)

 □ Open BOV, inhale from loop unti l 

ADV engages ( i f  equipped),  drop-

ping loop PO2

 □ BCD Inflation + deflation mecha-

nisms & BCD air holding

 □ Confirm Diuentl & O2 MAV function

 ■ Check Solenoid & Wrist Dis-

play Battery

 □ Change SG-1 to LOW setpoint

 □ Solenoid fires, O2 injection verified

 □ Change SG-1 to MANUAL setpoint

 □ Check battery status for both SG-1 

& Secondary

 □ If less than 3.7v, recharge before 

continuing

 ■ Pre-Breathe (5 minutes)

 □ Change SG-1 to LOW setpoint

 □ Block nose and begin breathing from 

the Defender CCR (in a safe location/

position)

 □ Observe setpoint maintenance and 

HUD functions

 □ Pay close attention to how you feel 

as well as how the CCR is functioning 

for a full 5 minutes

If  not diving immediately, verify 
PO2 in the loop is above .4 and the 
mouthpiece is closed.  Shut down 
handset and cylinders, and bleed 
any pressure out of the system.

If diving immediately, proceed to 
predive checks.

DEFENDER CCR CHECKLIST



 ■ Mushroom Valve Check

 ■ Check Remaining Scrubber Du-

ration & Reset Stack Timer if 

needed

 ■ Install Analyzed + Labeled Gas 

Cylinders

 ■ Negative Pressure Test (hold 

for a minimum of 1 minute)

 ■ Positive Pressure Test (hold 

for a minimum of 1 minute

 ■ Diluent & Oxygen System Leak 

Test (hold for a minimum of 30 

seconds)

 ■ Turn On Primary & Secondary

Defender CCR Condensed Functionality Checklist
This is a condensed checklist which can be completed af ter the full  assembly 

checklist. This checklist is intended for experienced rebreather divers only. If 

there are any questions, or you need a more detailed checklist please refer to the 

full  “Defender CCR Functionality Checklist” available on CCR.Sub-Gravity.com.

 ■ Flush Loop with Oxygen (3 

times)

 ■ Check Calibration

 ■ Check ADV, BOV, MAVs and 

Power Inflator

 ■ Check Solenoid & Wrist Dis-

play Battery

 ■ Pre-Breathe (5 minutes)

DEFENDER CCR CHECKLIST

http://www.CCR.Sub-Gravity.com


 ■ Proper weighting?

 ■ HUD and wrist displays on?

 ■ Tank valves open?

 ■ Verify  setpoint and loop 

contents

 ■ Don the Defender CCR

 ■ CCR Pre-Jump Drill

Pre-Dive Checks
After having completed the full  assembly and functionality checklist.

DEFENDER CCR CHECKLIST
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“3 Hs” Drills/Responses
These responses and dril ls are unique to the SubGravity Defender CCR. Dif ferent 

CCR units may have other unit specif ic responses that are not appropriate for the 

Defender. Please also keep in mind that any time a diluent flush is per formed, the 

diver must ensure that the diluent gas is breathable at the current depth.

Hyperoxic (too much PO2)
1. Bailout to BOV
2. Diluent f lush OTSCL - (cross arms, open OPV with lef t hand, push 
diluent manual add button with right hand and flush loop while crushing 
counter lungs with arms) 
3. Diluent flush BMCL - (assume horizontal position, push diluent manual 
add button f irst with lef t hand, pull water dump cord with right hand, 
flush loop momentarily, close dump valve and discontinue pushing the 
diluent button)
4. Check handsets for safe PO2 and if good, go back onto loop
5. Closely monitor PO2

6. If PO2 continues to rise, repeat dil  f lush to lower PO2 as necessary
7. Check to make sure O2 manual add button is not stuck in (rectify if 
necessary)
8. If O2 manual add button is OK, and PO2 continues to rise, shut of f O2 
tank valve
9. Feather O2 tank valve as necessary to maintain safe PO2 and abor t 
dive or alternatively, bailout to BOV and then to of f board bailout and 
abor t dive. 
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Hypoxic (too little PO2) 
1. Bailout to BOV
2. Diluent f lush OTSCL - (cross arms, open OPV with lef t hand, push 
diluent manual add button with right hand and flush loop while crushing 
counter lungs with arms)
3. Diluent flush BMCL - (assume horizontal position, push diluent manual 
add button f irst with lef t hand, pull water dump cord with right hand, 
flush loop momentarily, close dump valve and discontinue pushing the 
dil button)
4. Check handsets for safe PO2 and if good, go back onto loop 
5. Closely monitor PO2 
6. Manually add O2 to loop as necessary to raise PO2 to set point 
7. Closely monitor PO2.
8. If manual add button does not function, check to make sure inflation 
hose is connected properly to O2 manual add button.
9. If manual add button sti l l  does not function, ensure O2 tank valve is 
turned on.
10. Check O2 spg to ensure pressure in O2 tank
11. If insufficient O2 available, bailout to BOV, bailout to off board bailout 
and abor t dive (Note, through this entire process, closely monitor PO2 to 
ensure you have a breathable gas. Repeat diluent flushes as necessary 
or bailout as necessary)

Hypercapnia (too much CO2)
1. Bailout to BOV
2. Bailout to of f board bailout 
3. Abor t Dive
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Technical Specifications

Dimensions H x W x D   70 x 40 x 25 cm

Weight 34,0 kg - Complete unit without soda lime 

and gases - travel weight

21,4 kg - Unit without tanks and soda lime 

- air travel weight

38,9kg - Complete unit ready for dive with 

3L tanks and filled with soda lime

Temperature limits Diving: water temperature above 4°C and 

less than 34°C in accordance with require-

ments of EN14143:2013

Transport: -10°C to +50°C

Storage: +5°C to +25°C

Atmospheric pressure range 800 – 1050mbar

Maximum application depth Max. 30m with Air as diluent

Max. 60m with Trimix 17/50 as diluent

Max. 100m with Trimix 11/75 as diluent

Warning: Dives exceeding a depth of 100m 

significantly increase risks and therefore 

are not reccomended
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CO2 Scrubber Type (standard 8lb): Radial

Soda lime: Approximately 3.6kg (Sofnolime 

797)

Running time: 360 min with dive profile 40 

m (for bottom time up to 40min) OR 300 

min with dive profile at 100 m (for bottom 

time 10min)

Test parameters: Ventilation 40l/min, 1.6l/

min CO2, 4°C water temperature

Diluent for 40 m - Air Diluent for 100 m - 

Trimix 12/65

Soda lime Sofnolime® 797 1-2,5mm, non indicating 

or white to violet indicating manufactured 

by Molecular Products Limited, U.K.

Back-Mounted Counterlungs Volume: 2 x 4.8 liter

Front-Mounted Counterlungs Volume: 2 x 3 liter

Oxygen Tank Faber cylinder 3 Liter / 3442 psi / 237bar, 

Blue Steel valve DIN 5/8”

Diluent Tank Faber cylinder 3 Liter / 3442 psi / 237bar, 

Blue Steel valve DIN 5/8”
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Gas endurance of the unit

on-board Gases

OXYGEN: 3 liter x 200bar = 600 liter minus 

25% reserve 

=> 450 useable liter

The on-board oxygen supply  will last up 

to 250 minutes at consumption 1.8 liter 

O2 per minute. 

Diluent: 3 liter x 200bar = 600 liter minus 

20% reserve 

=> 480 useable liter

Diluent endurance depends on the max. 

depth and changes of the depth during 

the dive.

Required purity of the gases Air: DIN EN 12021

Oxygen: ≥99.5% (medical oxygen)

Helium: ≥99.999% (UHP 5.0 or higher)

Regulator 1st stage - Oxygen Connection: DIN 5/8”, intermediate pres-

sure: 130 psi / 9.0 bar to 152    psi / 10.5 

bar

Regulator 1st stage - Diluent Connection: DIN 5/8”, intermediate pres-

sure: 130 psi / 9.0 bar to 152    psi / 10.5 

bar

Oxygen control Readings from three oxygen sensors with 

Voting logic (see current version of SG-1 

manual for more information)
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Oxygen sensors 3 galvanic rebreather oxygen sensors 

Type: SG-39-MD (3 pin Molex), M16x1, Si-

gnal Output 8.5-14 mV

(see current version of SG-1 manual for 

more information)

Oxygen Setpoint Range 4 user-definable setpoints, from 0.5 to 1.6 

bar PO2

(see current version of SG-1 manual for 

more information)

Oxygen Alarms Low oxygen: 0.4 bar or less

High oxygen: 1.8 bar or above

(see current version of SG-1 eletronics ma-

nual for more information)

Batteries SG-1 Controller: Internal Li-Ion 3.7V 1.95Ah 

battery

(see current version of SG-1 manual for 

more information)

Secondary PO2 monitor: see manufacturer 

specs
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Limitations on Use

Depth limits
The maximum operating depth for the SubGravity Defender CCR user 
in accordance with the EN 14143:2013 is 100m. Additional maximum 
operating depth l imitations depend on diluent used (considering a set 
point of 1.2, a maximum diluent PO2 of 1.2 BAR at depth and an ideal 
maximum gas density of 5.2 g/L):

Diluent Maximum Depth

Air 30 metres

Trimix 21/35 47 metres

Trimix 17/50 60 metres

Trimix 11/75 100 metres

Temperature Conditions 
The Defender CCR can be used within the water temperatures range 
above 4°C / 39°F and less than 34°C / 93°F. Operation at temperatures 
outside of this range may lead to unreliable function or even injury of 
the diver. The minimal temperature is defined by CO2 scrubber duration 
tests, which is executed at 4°C / 39°F.

CO2 Scrubber Duration Limit (based on standard 8lb radial 
scrubber)
The maximum safe operating period of sorbent is 225 min, determined 
by a test in accordance with EN 14143:2013, during which 1.6 l iters 
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per minute of CO2 were added to the breathing loop with ventilation of 
40 liters per minute, in water of temperature 4°C and 40m depth, while 
the exhaled gas was of temperature 32±4°C with l imit at PCO2 5mBar. 
The sorbent maximum operating duration dif fers depending on the type 
of sorbent, ambient temperature, depth and exer tion rate of the diver. 
Typically, the useable scrubber duration will  range from 300 minutes, in 
deep cold water with a moderate workload, up to 360 minutes, in warm 
water with a low workload.

Work rates
The Defender CCR is intended for use on dives involving low to mode-
rate work rates (normal activities in recreational and technical diving). 
It is also capable of sustaining a diver operating at higher work rates, 
however the diver needs to calculate a signif icant reduction in scrubber 
duration, due to related CO2 production. Also, with a higher work rate, 
the diver must take into consideration increased oxygen consumption. 
Additionally, the diver needs to take into account that a higher work rate 
may have an impact on decompression as well as oxygen toxicity thres-
holds. Cer tain additional safety margins should be added. Each diver is 
dif ferent and reacts dif ferently to gas stresses. Consequently, it  is not 
possible to calculate 100% accurate gas loading and decompression 
information.
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General Warnings/Cautions/Notices

This user manual does not, nor is it intended to contain any infor-
mation needed to safely dive with any type of SCUBA apparatus. 
It is designed simply as a guide for the proper setup, operation, 
maintenance, and field service of the SUBGRAVITY DEFENDER CCR 
only. It does NOT take the place of a recognized, and SubGravity 
approved training agency diver training course or its associated 
training manual(s) and materials. This manual cannot be used as a 
guide for any other type of Self Contained Underwater Breathing 
Apparatus (SCUBA). 

Diving rebreathers in frigid water requires special equipment, trai-
ning, and preparation to prevent possible injury or death. Closed 
circuit rebreathers present unique variables to cold water diving 
that are not a factor in open circuit diving in the same temperatures. 
Cold water diving is beyond the scope of this manual. There are 
many variables not listed here. It is essential and the responsibility 
of the diver to be aware of all issues. The diver must know how to 
best prepare their equipment and how to best prepare themselves 
for the cold water environment. The diver must obtain further trai-
ning beyond standard CCR training or open circuit ice diver certi-
fication alone.

Cold water issues include the following:
 ■ Changes in temperature may lead to expansion and contraction of 

CO2 absorbent material possibly leading to channeling.
 ■ Decreases in temperature ef fect the ef f iciency of the scrubber. 
 ■ Sensors are sensitive to extreme temperatures. Storage of Oxygen 

Sensors below 32° F (0°C) or above 100° F (37.8°C) can damage or 
greatly shor ten the l ife of the sensor.

 ■ Mushroom valves may freeze open or closed if condensation is allowed 
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to cool. Always per form mushroom valve checks and pre-breathe the 
unit before entering the water and before any subsequent dives. The 
diver should warm and visually inspect the mushroom valves between 
dives.

 ■ Use of the manual addition valves should be l imited to shor t bursts 
of less than 1 or 2 seconds at a time. Prolonged valve activation may 
cause freezing of the mechanism in frigid waters due to adiabatic 
cooling.



SubGravity Limitation of Liability

WITH THE PURCHASE AND OR USE OF THE SUBGRAVITY DEFENDER CLOSED CIRCUIT REBREATHER (CCR), 
YOU HEREBY AGREE TO THE FOLLOWING exclusions and limitations of SubGravity’s liability to you. 

YOU AGREE AND UNDERSTAND THAT REBREATHER DIVING IS A HIGH RISK, POSSIBLY LIFE-THREATENING 
ACTIVITY AND THE USE OF THE SUBGRAVITY DEFENDER CCR IS IN NO WAY A SUBSTITUTE FOR PROPER 
REBREATHER TRAINING AND CERTIFICATION AND THE USE OF COMMON SENSE WHILE DIVING. 

Because of the number of variables and the varying degrees to which they may affect individuals enga-
ged in rebreather diving, SubGravity DOES NOT GUARANTEE THAT USE OF THIS PRODUCT WILL PREVENT 
DECOMPRESSION SICKNESS, HYPOXIA, HYPEROXIA, HYPERCAPNIA, NARCOSIS, OTHER HYPERBARIC INJU-
RIES, DROWNING, BAROTRAUMA OR ANY OTHER CONDITION OR INJURY INCURRED WHILE USING THIS 
PRODUCT.

These influencing variables may include, but are not limited to, dehydration, obesity, age, old injuries, or 
other physical conditions on the part of the diver, or environmental extremes of heat or cold, or poor trai-
ning, or diving practices, any of which may promote the onset of decompression sickness or other harmful 
effects.

The SubGravity SG-1 electronics, in conjunction with the Defender CCR was tested according to relevant 
normatives EN13319 and EN250 and was EVALUATED in numerous test dives. However, THERE MAY still 
BE ERRORS in the Software, THAT WERE NOT IDENTIFIED yet and that may lead to malfunctions of the 
SG-1 electronics and Defender CCR. THEREFORE, SubGravity REQUIRES users always carry and use a 
secondary PO2 monitor and decompression computer, along with a redundant breathing supply. 

Additionally, SUBGRAVITY also DOES NOT GUARANTEE the function of consumables used in the Rebrea-
ther including the oxygen cells and CO2 scrubber even when used within the manufacturer’s recommen-
dations.  

YOU AGREE THAT YOU UNDERSTAND AND ACCEPT ALL RISKS ASSOCIATED WITH DIVING, AND THAT Sub-
Gravity, its elected and appointed officials, employees, volunteers or others working on behalf of SubGra-
vity are NOT LIABLE TO YOU OR ANY OTHER PERSON, INCLUDING YOUR HEIRS, EXECUTORS OR PERSONAL 
REPRESENTATIVES, FOR ANY LOSS, DAMAGE, COST, EXPENSE OR CLAIM ARISING OUT OF, CAUSED BY 
OR RELATING TO YOUR PERSONAL INJURY OR DEATH WHILE DIVING, EVEN IF YOUR PERSONAL INJURY 
OR DEATH IS CAUSED, IN WHOLE OR IN PART AND DIRECTLY OR INDIRECTLY, BY THE PURCHASE OF THE 
SUBGRAVITY DEFENDER CCR OR YOUR USE THEREOF, OR ARISING FROM BREACH OF THE WARRANTY, 
BREACH OF CONTRACT, NEGLIGENCE, STRICT TORT, OR ANY OTHER LEGAL OR EQUITABLE THEORY, 
EVEN IF SubGravity KNEW, OR SHOULD HAVE KNOWN OF THE LIKELIHOOD OF SUCH DAMAGES, AND 
REGARDLESS OF WHETHER OR NOT THE SUBGRAVITY DEFENDER CCR FUNCTIONED PROPERLY OR WAS 
DEFECTIVE IN ANY WAY. SubGravity SHALL NOT BE LIABLE FOR DELAY IN RENDERING SERVICE UNDER 
THE LIMITED WARRANTY, OR LOSS OF USE DURING THE TIME THE PRODUCT IS BEING REPAIRED.

YOU HEREBY IRREVOCABLY WAIVE AND RELEASE SubGravity, its elected and appointed officials, em-
ployees, volunteers or others working on behalf of SubGravity FROM ANY LIABILITY OR OBLIGATION TO 
YOU OR YOUR HEIRS, EXECUTORS OR PERSONAL REPRESENTATIVES FOR ANY LOSS, DAMAGE, COST, 
EXPENSE OR CLAIM ARISING OUT OF, CAUSED BY OR RELATING TO YOUR PERSONAL INJURY OR DEATH 
WHILE DIVING, EVEN IF YOUR PERSONAL INJURY OR DEATH IS CAUSED, IN WHOLE OR IN PART AND 
DIRECTLY OR INDIRECTLY, BY THE SG-1 OR YOUR USE OF THE SG-1, OR ARISING FROM BREACH OF THE 
WARRANTY, BREACH OF CONTRACT, NEGLIGENCE, STRICT TORT, OR ANY OTHER LEGAL OR EQUITABLE 
THEORY, EVEN IF SubGravity KNEW, OR SHOULD HAVE KNOWN OF THE LIKELIHOOD OF SUCH DAMAGES, 
AND REGARDLESS OF WHETHER OR NOT THE SUBGRAVITY DEFENDER CCR FUNCTIONED PROPERLY OR 
WAS DEFECTIVE IN ANY WAY.

You must read AND ACCEPT the Agreement for all limitations and exclusions of SubGravity’s liability to 
you.
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Summary
This appendix is a valuable quick reference area that Defender CCR 
Divers should always have quick access to. It can be used to print chec-
klists for build and pre-dive use, and review impor tant technical and 
safety information periodically.
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