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U.S. Navy 1987 Tests Of 51 Regulators
--Including Cold Water Tests And Test Of 1980 Models

In September, 1987, the United States Navy Ex-
perimental Diver Unit released the results of its man-
ned and unmanned tests of commercially available
regulators. The Mavy not only tested regulators
under standard diving conditions, but also tested
several regulators under simulated cold water condi-
fions.

Undercurrent has edited and condensed the 1987
U.5. MWavy tests into a usable form for owr
subscribers. In addition we have added the results of
1980 tests, since many divers still dive with older
regulators and will find it useful to compare them
with newer models.

THE BASIC 1987 TESTS

The U.S. Navy Experimental Dive Unit tested the
breathing resistance and work of breathing of 51
commercially available regulators produced or
distribured in the United States by 19 manufacturers.
The regulators tested were purchased from various
commercial distributors. Only on¢ complete
regulator of cach model was purchased.

Each regulator was calibrated to the manufac-
turers’ specifications for first stage static pressure
(the pressure measured at the mouthpiece of the se-
cond stage when the air is turned on at the tank), the
intermediate pressure (the pressure measured in the
hose of the air delivered from the firse stage to the se-
cond stage) and the second stage cracking pressures
{the cffort required to start the flow upon
inhalation}.

Years ago breething resistance (i.e., peak
respiratory pressure on inhalation and exhalation) at
a moderate work rate (40 EMV, a measurement of
respiratory volume in liters per minute) was vsed as
the primary specification for regulator evaluation,
and these criteria still form the basis of the military
specifications.

In the late 1970's the Mavy determined that

breathing resistance did not provide as complete a
definition of total regulator performance as did
“work of breathing.”' While peak pressures on two
different regulators may be identical, the actual
respiratory work required from the diver can be
significantly different. In addition, how “‘hard™ or
“easy" a regulator breathes is a direct function of
whether the diver has to maintain the peak inhalation
and exhalaton pressure for the entire cycle.
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So, in 1980 more refined standards were
developed. These standards require that under
specific conditions — a depth of 132 fsw (feet of sea
water), a supply pressure of 1000 psi, and a
moderately heavy work rate (62.5 RMV, ie.,
respiratory volume in liters per minute) =- the max-
imum respiratory work of breathing level for a
regulator should not exceeded 0.14 kg.m/1.

Regulators meeting these standards in 1980 were
considered “‘superior’’ performance regulators and
were authorized for Navy use to a maximum depth of
130 fzw.

The 1987 U.5. Navy standards modily only one
variable; the standard has been changed from 132 to



87 Legend: Regulators which met or exceeded the 1986 upgraded work of hreathing requirement up Lo 198
fsw, a moderately heavy work rate, and 1000 psi supply pressure.
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These chars represent the results of [EBIJ]I.I.M 1ests Froan 1ighl 1o entreme workloads, delined by the Mavy as ranging [rom 22,5

RMV (respirgtory minute volume in liters per minute) to 90 RMY. The supply prewsure i 1000 psi and the depths range from 33 feet
of s¢a water o 198 faw, A solid circle { @ ) indicates the regulator’s performance was acceprable. A semicircle | @ ) indicates the
regulater's performance was marginal, An empty circle { O ) indicates the regulatar’s perfarmance was unacceprable,

198 fsw because Mavy divers today work to 190 leet
on scuba.

Test Procedures

All test regulators were calibrared to manufac
turers’ specifications. Manufacturers’ representatives
were invited to observe the testing of their regulators,
and they monitored and assisted in calibrations.
Upon completion of testing, six regulators from the
group were selected at random for separate evalua-
ticns (o confirm  repeatability of data. These
regulators were bench tested and recalibrated to the
specifications of the original evaluation. From these
sin regulators, 10 separate and complete breathing
resistance evaluations were conducted.

Far the purpose of understanding the USN resulrs,
the most important of the parameters is the so-called
work of breathing, which was controlled as follows:

Breathing  Tidal EMY Simulated Diver’s
Rate Volume Work Rale

15 BPM 1.5 Liters 22.5 Light

20 BPM 2.0 Liters 400  Moderate

25 BPM 2.5 Liters  62.5  Moderately Heavy
30 BPM 2.5 Liters  75.0  Heavy

30 BPM 3.0 Liters 90.0  Extreme

Tast Resulls

Regulator performance was analyzed and data ob-
tained at several supply pressures, RMVs and depths
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1987 GROUP B: Regulators which mel or exceeded the same requiremcnis as Group A, but
only up to a depth of 132 faw,
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up to the point at which breathing resistance became
EXCessive.

Twao regulator models, the Sea Sport Zepher
ZR-01 and the Tekna 2100BX, displayed specific in-
halation characteristics that prohibited the obpective
analysis and accurate data reduction of breathing
pressure and work of breathing. Rather than publish
inaccurate or feulty data, these results are not
included, but they were evaluated under cold water
conditions.

By circumstance, Poseidon pre- 1986 models were
supplied by Parkway, while Poseidon 1986 models
were supplied by Pos Dive.

The AGA Divator MK 1L full face mask, vsed by
the U.8. Navy when through-water communications
are required, was evaluated combined with another
manufacturer’s first stage regulators as a spsfemn,

From the analysis of the data and subsequent
grouping of performance levels in relation to
established criteria, five performance levels were
identified. They are presented alphabetically within
those performance levels,

Group A. Regulators which mel or exceeded the
1987 upgraded work of breathing requirement np to
198 FSW, a moderately heavy work raie, and 1000
psl supply pressure.

1. AGA Divator MK 11 FFM with U.S. Divers
Roval SL first stage regulator.
2. AGA Divator MK 11 breathing valve with

AlLA mouthpece and U5, Lhvers Royal
SL firse stage.

3. Poseidon Cyklon 5000 (distributed by Pos
Dive, Poszidon 1986 model)

4, Poseidon Odin (distributed by Pos Dive,
Poseidon 1985 model)

5. Poseidon Thor (distributed by Pos Dive,
Paseidon 1986 model)

6. Scubapro MK X/G-250

7. U.5, Divers Conshelf 5E-2

8, U.5. Divers Pro Diver

Group B. Regulators which met or exceeded the
same requirements as Group A, but only up fo a
depth of 132 FSW.

. AGA Divater MK 1l (FFM) complete with
first and second siages with AGA cvlinders,
. AGA Divator MK 1T (FFM) used with 1.5.
Divers Conshelf XIV first stape.
. Dacor Pacer XL 950
. Dacor Pacer XLE 360
. Oceanic Omega 11 Max Flow
. Poseidon Cyklon 300 (1986 model
distribuied by Pos Dive)
. Scubapro MK X/T3-3(X)
. Sherwood Magnum 11 SRB-3300
9, U.S5. Divers Conshell 21
Group C. Regulators which meel or exceed
military specifications for breathing resistance, but
do not meel the superior performance slandards up



1987 GROUP C

Regulators which meet or ax
ceed military specifications for
breathing resistance, bul do not
meet the performance slandards
up to 132 fsw in Group B,
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to 132 fsw in Group B. 5. Scubapro MK X/Air II (NOTE: A

1. Dacor Pacer Aero 950 A
2. International Divers Inc Super Star 11
3. Nemrod Saturn 300 Pro
4. Ocean Dynamics RB-3000
5. Dceanic Omega 11
6. Parkways Atlas
7. Poseidon Cyklon 300 (pre 1986 model
distributed by Parkways)
B. Poseidon Cyklon Maximum [T (pre 1986
model distributed by Parkways)
9. P'ro Sub Max Air 1
10. Pro Sub Pro Air 1
11. Scubapro MK 1[L/High Performance
12. Scubapro ME TX/Air 1
13. Scubapro MK 1X/Ralanced Adjustable
14. Scubapre MK 1X/High Performance
15. Scubapro ME X/ Adjustable
16, Scubapro MK X/Air 1
17. Scubapro MK X/Balanced Adjustable
18, Scubapro ME X/High Performance
19, Sea Pro FSDS-50
20. Sea Quest AMF ME 12-111
21. Sherwoeod Brut SEB-2100
22. Sherwood Magnum Blizzard SRB-3200
23. Sportsways X-2
24. Sportsways X-3
25, Tabata TR-100
26. U.5. Divers Conshelf XIV

Group D, Regulators which did mot meet the
military specifications for breathing resistance
estahlished in Group C.

Cressi Sub Galaxie 105

Cressi Sub Polaris 1V
International Divers Inc. Siar L1
Memrod Saturn 300

o L0

L¥. ]

buoyancy compensator inflator/mouth-
plece rot @ primary regulator.)
6. Sea Pro FSDS-10

Group E. Regulators that could not be objectively
evaloated by breathing resistance vs depth and work
of breathing vs depth due to second stage inhalation
pressure patterns incompatible with data analysis
syslems.

1. Sea Sport Zepher ZR-01
2. Tekna 2100 BX

Conciusions

From these evaluations, the USN has identified
cight reliable regulators for operational use to 198
fsw. The new performance criteria are a narural pro-
gression of the 1980 standards from 132 fsw to 198
fsw. These performance achievements are directly at-
tributable 10 manufacturers” improvements in the
design and aperation of commercially available open
circuit regulators.

Additionally it should be noted that the establish-
ment of performance criteria at 198 FSW is solely a
MNavy requirement and is not an endorsement that
casual dives be conducted to such depahs.

While cight regulators/systems met the upgraded
1987 NMEDU performance requirement, regulators
that meet or exceed the 1980 standards are considered
to he safe and effective. The 1987 MEDLU perfor
mance criteria at 198 FSW was specifically designed
to identify the highest performance equipmeni
available.

Unmanned breathing resistance and work of
breathing evaluation, although considered to be a
severe test of regulator performance, is not a
lifecyele/mechanical failure study.



1987 GROUP D: Regulators which did net meet the specifications lor breathing resistance
in Group C, as well as USN performance standards.
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1987 TESTS WITH LOWERED SUPPLY
PRESSURE

The spring/valve mechanism of most second stage
regulators is designed to function with minimum in-
halation effort when supplied with 125 to 150 psi
from the first stage. Upon inhalation, this pressure
drops as the air flows from the first Lo the second
stage., As a diver descends and increases his work
rate, the increased flow from the first stage 1o the se
cond stage causes the pressure to drop and the initial
selting o increase dramatically. Consequently, the
second stage may no longer receive air ar a pressure
and volume sufficiently high to meet the diver's in-
halation demands, 50 the diver must increase his in-
halation effort. Depending upon the regulator, some
combination of low psi, high work rate, and depth
make it difficull or even impossible for the diver 1o
hreathe air from the tank, even though some air re-
mains. This phenomenon begins to increase when the
supply pressure to the first stage is below 500 psi and
can have serious implications for the diver at 300 psi,

At a moderately heavy work rate, a depth of 99
feer and 300 psi supply pressure, some regulalors
showed a substantial drop in performance, while
others maintained relatively strong performance at
even higher work rates. In practice that low perfor-
mance ¢can mean that a diver low on air -- with 300 psi
or less -- at 99 feet of depth, emploving a moderately
heavy work rate due (o 8 current Or even (o panie in-
duced heavy breathing, may have difficulty getting
air,

The MNavy tested each of the regulators at a supply
pressure of 300 psi. Although it provided no writlen

evaluation of the rests, it did provide performance
charts which Undercurrent has interpreted.

Those regulators which performed exceptionally
well at low supply pressures included:

. AGA Divaror 11 with USD Conshelf X1V
. AGA Divaror 1T with USD Roval SL.

. Oceanic Omega [1 Maxflo

. Posmdon Odin distributed by Pos Dive
. Scubapro MK 1X/Bal Adj

. Scubapro MK IX/HP

. Scubapro MK X/D3000)

. Scubapro MK X/G250

. Scubapro MK X/Bal Adj

10, Scubapro MK X/HP

11. US Divers Conshelf X1V

12. US Divers Conshelf 21

13, US Divers Conshelf SE 2

14, US Divers Pro Diver

= . R I

Those regulators which failed to meet breathing
resistance standards with only 300 psi and a
moderately heavy work rate include:

1. Cressi Sub Galaxie 105

2. Cressi Sub Polaris LY

3. Poseidon Cyklon 300 (distributed by Pos

Dive)

4, Poseidon Thor (distributed by Pos Dive)
5. Pro Sub Max Air 1

6. Scubapro MK X/AIR 11

7. Sea Pro FSDS-10

8. Sharwood Brut SEB 2100

9, Sherwood Magnum Blizzard
10. Sherwood Magnum 11

1987 MANNED OPEN WATER TESTING

NEDU conducted manned human open water

studies on 11 commercially available regulators. Dur-



ing the evaluation 156 dives were conducted 1o a
maximum depth of 130 fsw. Diver-subjects com-
pleted a regulator questionnaire and entered ap-
propriate remarks on the conclusion of each dive.

FPhysical Characrenstics

Divers rated regelators from not guite adeguale 1o
good. Totzl averaging, however, indicated regulators
performed at an adequate or good level.

Highest scores went Lo the U.S. Divers Conshelf
SE-2 and Pro Diver with the AGA Divator MK I
breathing valve with AGA mouthpiece and U5,
Divers Royal 5L first stage following closely. Lowest
marks were assigned to Sea Spornt Zepher £R-01.

Breathing Performance

Tatal average scores of subjective responses in-
dicated the highest rating assigned 1o the U.5. Divers
Conshelfl SE-2 and Pro Diver, followed closely by the
AGA Divator MK [T with AGA mouthpiece/U.5.
Diver Royal SL first stage and the Pro MK X/G-250.,
The Sea Sport Zepher ZR-01 was rated at the not-
quite-adeguate level.

General Regularor Function

Overall favorable responses went 1o the AGA
Divator MK [I breathing valve with AGA
mouthpiece/U.5. Divers Rowal 5L first stage,
Scubapro MK X/G-250 and U.5. Divers Conshelf
SE-2 and Pro Divers. The least favorable went to the
Sea Sport Zepher ZR-01,

NOTE: Only one mechanical failure was recorded.

The piston O-ring on the Scubapro MK X first siage
was scored and required replacement. However, the
Sea Sport Zepher ZR-01 pressed-in air channel-way
on the second stage was removed douring the evalua-
tion as it was considered a safety hagard. The
channel-way could easily separate from the second
stage case and possibly become lodged in the diver's
airway.

Conchision:

With the exception of the Sea Sport Zepher ZR-01,
the regulators evaluated in this phased operated at
the adequate or good levels. The Sea Sport Zepher
ZR-01 in normal configuration, with air channel-way
installed, was considered unsafe.

High Scores:

1. AGA Divator ME 11 breathing valve with
AGA mowhpiece/USD Royal SL first stage
2. AGA Divator MK 11 full face mask/USD
Royal SL firs stage
. Scubapro ME X/G-250
4. LS. Divers Conshelf SE-2
5. LS. Divers Pro Diver

Muoderate Scores:

1. Poseidon Cyklon S000

2. Poseidon Odin

1. Poseidon Thor

4. Sherwood Magnum Blizzard
5. Tekna 2100 BX

Law Seores:
1. Bea Spont Zepher ZR-01.

fad

1987 UNMANNED COLD WATER TESTING

The Mavy Experimental Diving Unit conducted un-
manned breathing resistance and cold waler function
evaluations of ten regulators equipped with low
temperature conversion kits or standard first siage
environmental silicon grease injection to ascertain
whether such configurarions negacively affected the
regulators. Units were selected primarily on their
ahility 1o meet the Group A, 198 fsw requirement
although some additional regulators were selected.

Common Cold Weather and Cold Water
Malunctions

Both stages of any regulator can mechanically
malfunction as a resull of cold - which affecis spring
tension, and the flexibility of O-rings and
diaphragms - or moisture — which freezes and forms
ice blocks or aliers mechanical lunctions. Such
failures occur when regulators are exposed fo cold
weather or during diving operations where subsur-
face temperatures are below 37 °F.

Rise in first stage overbortom pressure: Overbot-
1om pressure is the pressure of the air deliverad from

the first stage to the second stage at a given depth (it
is determined by adding the pressure of the delivered
air to the ambient pressure). Im cold water, the
regulator may Tail to reduce high pressure air to
nominal operating low pressures, It's caused by pro-
longed exposure to cold weather so the first slage
component spring and diaphragms hecome more
rigid. This generally leads to a2 pressure increase on
the low pressure side in order 1o balance the effect of
the rigidity and close the high pressure valve sear.
Ultimarely, static overbottom pressure rises above
the specified norm and forces the second stage down-
strcam  valve open, driving the regulator into
freeflow.

First srage exterior freeze while immersed: Both
diaphragm and piston first stages freeze in the open
or closed position due to ice formation on the
regulator spring and within the spring cavity. Water
which enters the spring cavity, via the ambient
pressure reference ports, freezes inside the first stage
during the reduction of high pressure air lo low
pressures. As ice beging tw form, intermediate
préssures rise or drop, and the diaphragm or piston
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can ullimately freaze open or closed.

First siage interior freeze: The high pressure valve
mechanism can freeze open or closed, due 1o
moisture freeze-up inside the first siage. During
reduction of air from high to low pressure,
temperatures drop and the regulator cools; moisture
condenses and freezes on the high pressure valve, its
seat, and other components.

Second stage downstream valve [failure: Second
stage supply valves freeze open or chosed as a resull
of the cold's effect upon moisture that has entered
the second stage.

Preventing Mullunctions

The probability of a malfunction occurring in-
creases as air or water temperature drops. Certain
practices can be adopted to lessen the chance of
mallunclions:

Prior to cold water diving, regulators should be
fully servized and checked for proper function. First
stages should be modified with cold water conversion
kits or silicon grease injection,

Supply air should be as dry as possible o prevent
internal first siage freeze up and to reduce the pro-
bability that the second stage valve of other low
pressure devices (e.g. dry suit inflator, buoyancy
compensation inflators) will freeze.

Regulators, especially the second stages, should be
drv. Thev should be kept warm as long as possible
prior to diving, and have as little exposure as possible
to harsh cold surface environments. If snowing, se
cond stages should be covered to prevent entrance of
maoisiure,

Once exposed to cold surface conditions,
regulators should not be breathed or exhaled into;
nor should they be purged for more than one sécond
while on the surface.

If possible, the diver should enter the water by tak-
ing a deep breath, then placing the regulator in the
mouth, After entering, exhale and breathe normally
with the regulator, keeping it submerged at all times.
This is important where surface temperatures are
lower than the ambient water. (This method keeps
the regulator from flooding during entrance and pro
hibits excess water moisture from entering the second
stage.)

While submerged, breathe normally, and aved ex-
treme work conditions which demand high air Nows
through the regulator. High flows will cool the valve
mechanisms and produce condensation. Again avoid
prolonged purging of the second stage; if equipped
with dry suit inflation or buoyancy compensalion
devices, inflate them with short bursts of ar.

If the regulator is removed and flooded, attempt to
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clear the regulator with exhaled air rather than purg-
ing. If purging is necessary, again avoid any prolong-
ed bursts of air.

With these in mind, the NEDU rested
regularors, modified for cold water as follows.

en

The Regulators:

AGA Divator MK IT Breathing Valve with AGA
Mowthpiece/U.S. Divers Royal SL First Stage was
evaluated withou! the full face mask. The AGA MK
I1 breathing valve (sccond stage) undergoes no
maodifications for cold water conditioning. The ULS,
Divers Royal SL first stage is modified with a low
lemperature conversion kit (U.S, Divers part no.
IN22-75) consisting of a cotlon-backed diaphragm
and generic first stage fittings and an antifreeze li-
quid is used.

Paoseidon: Cykion 5000, Odin and Thor second
stages undergo no cold water modification. The first
stage is modified by a standard conversion kit (part
number Poseidon 1286) consisting of a rubber an-
tifreeze cap and two plastic locking straps. The first
stage spring cavity is filled with a nontoxic antifreszs
liguid, such as silicon ar ethy] alcohol.

Scubapro MK X/G-250 firse and second stages
undergo no modification for cold water condition
ing, except for the injection of environmental silicon
{Scubapro part nuraber 41-035-000) into the standard
silicon protection environmental cap.

Sea Sport Zepher ZR-01 first and second stages
undergo no modification for cold water condition-
ing, except for the injection of environmental silicon
in the first stage piston/spring cavity.

Sherwood Magnum Blizzerd SRE 3200 first and
sccond stages are designed for cold warer use and
undergo no modification or silicon injection.

Tekma 2100 BX first and second stages undergo no
modification for cold water, except for the injection
of environmental silicon into che first stage piston/
SPring cavity.

LS. Divers Conshelf SE-2 second stage undergoes
no modification for cold water. The first stage is
modified with the emplacement of a low temperature
conversion kit, USD part No. 1076-75.

L8, Divers Pro Diver second stage undergoes no
maodification for cold water conditioning. The first
stape “ Royal 51" is modified in identical manner zs
described under the AGA Divator MK [ breathing
valve with AGA mouthpiece equipped with U5,
Divers SL first stape.

The Tests
Evaluation of U.S. Divers Cotlon-Backed and
Nylon-Backed Main First Stage Diaphragms

An evaluagion of U.S. Divers cotton-backed vs.
nylon-backed main first stage diaphragms used in the
“UISD Conshelf XIV" first stage regulator was con-

10

ducted 1o determine the effects thal these diaphragms
had on first stage regulator static overbottom
pressures once exposed o freezing conditions.

After being frozen for a minimum of 12 hours,
each diaphragm was tested for flexibility by placing it
edgewise on a counter wp and compressing it by in-
duex Mnger pressure 1o the point of Nexing. The nylon-
backed diaphragms became very rigid and reguired
significant index finger pressure o flex. Cotton-
backed diaphragms were far less rigid than nylon
units, requiring significantly less index finger
pressure o flex.

For the static pressure (the pressure measured at
the mouthpiece cof the second stage when the air is
warned on) test, four U.S. Divers Conshelt X1V first
stages {Lwo with collon-backed diaphragms and 1wo
with n¥lon) were prepared with cold waler conver-
sion kits, set 1o manufacturers’ specifications, and
instrumented o monitor first siage intermediate
pressure, All four were then frozen for a minimum of
12 hours, then tested for intermediate stanc pressure.
They were warmed 1o room temperaturs and checked
again,

U.S. Diver's Conshell XIV first stage slalic
pressures of all wnits equipped with nylon
diaphragms greatly exceeded manufacturers' present
slatic pressure of 145 psi. Readings recorded were
187, 197, 220 and 230 psi,

First stage static pressures of units equipped with
cotlon-backed diaphragms, although exceeding the
presel static pressure af 145 psi, remained consistent -
lv close to that value. Readings recorded were 147,
150, 150 and 157 psi.

The test results clearly indicated that the eotton-
backed diaphragm became far less rigid than nvlon-
backed umits and had far less elfect in raising Lhe
Conshelf XTIV first stage static overballom pressure
above present pressures for regulators exposed 10
cold enviromments. Pressures recorded from nylon
units would have been more than sufficient 1o im-
mediately over-drive a dynamically balanced second
stage demand valve into freeflow.

Low Temperature Work of Breathing Evalualion

In all cases, the use of low lemperature conversion
kits for diaphragm or silicon injection for pision first
stages, reduced the performance of the regulator
when tested ar 70°F. As depth and EMV levels in
creased, regulators equipped for cold water had in-
halation resistance and work of breathing values
higher in comparison to thelr normal configuration.
The Scubapro MK X/G-250, a first stage piston
regulator, was affected less than those regulators
equipped with diaphragm first stages. No further in-
crease in work of breathing was noted when con-
verted regulators were subsequentdy tested in the
freezing environment.

The 1987 performance goal of moderately heavy



work at 1000 psi supply pressure and depths up tof
198 FSW was attained by the AGA Divator ME 11
with AGA mouthpiece/USD Roval 5L first stages
and the Scubapro MK X/G-250,

The geal could not be attained by Poseidon
Cyklon 3000, Poszidon Odin, Poseidon Thor, U.5.
Divers Conshell SE2 and U.S. Divers Pro Diver.
However, in all cases exhalation/inhalation values
were well within the established values of the 1980
Military Specifications.

Cold Water Function Evaluations

All test regulators were equipped with applicable
cold water conversion or silicon injection, calibrated
to manufacturers' specifications, and frozen for 12
hours at 0°F. They were then tested for one hour or
uniil malfunciion occurred. IF malfunction occurred,
the regulator was removed and inspected. Ten
separate evaluations were scheduled o provide a
stalistical data base,

Although a number af (¢3! pArAMEIErs WEre con-
trolled, only a one needs mentioning here: breathing
rate — 20 BPM; tidal volume - 2.0; RMY -- 40.0 {or
the equivalent of a moderale work rate).

AGA Divator MK I, Breathing Valve with AGA
Mouthprece/USD Royal SL First Stage: Three muns
were completed without a malfunction. One run was
completed, although 12 minutes into the evaluation a
minor freeflow came {rom the second slage and con-
tinued throughouw: the evaluation.

Initial first stage overbottom pressure afler freez-
ing: preser pressure was 135 psiy recorded pressures
156, 176, 172, and 180 psi. First stage infermediale
pressure control during one-hour immersion: the
first stage intermediate overbollom pressures rose
from 139 to 153 psi maximum and dropoed from 117
to 112 psi minimum,

Aralvsis; Despite severe exierior first stage freez
ing, the regulator controlled first slage pressure
satisfactorily. Work of breathing did not vary from
previcus nonfreezing analysis. The cause of minor
freeflow could not be identified.

Poseidon Cyklon 5000: Four runs were completed
successiully. Tna fifth run the regulator initially free-

Mlowed when supplied with high pressure air. Upon
dunking, the freeflow stopped, 50 the evaluation was
continued. At 30 minutes freeflow began in the se-
cond stage and increased s0 much the st was siop-
ped.

Imitial first stage overbottom pressure afler freez-
ing: Preset pressure was 108 psi; recorded pressure
160, 161, 172, 174, 183 psi. First stage intermediate
pressure control during one-hour immersion: The
first stage intermediate overbottom pressures rose
from 156 to 171 psi maximum, and dropped from
135 10 112 psi minimum,.

Analysis: Despite exterior {reezing on both stages,
the regulator conirolled first stage pressures satisfac-
torily, Work of breathing did not vary from previous
nonfrecring analysis, FreeNow at second stage was
caused by ice lormation between the link/ejector
sleeve prohibiting second slage low pressure valve
pistan from Mully scating.

Poseidon Odin: Four runs were completed suc-
cessfully, On a fifth run the regulator Mreeflowed
when the firsl stage was supplied with high pressure
air. Upon dunking, the frecflow stopped and the test
was continued., One run could not be completed
because the regulator went into unstoppahble severe
freeflow when the first stage was supplied with high
Pressurs air.

Initial first stage averbottom pressure after freez-
ing: Preset pressure was 130 psi; recorded pressures
112, 125, 130, 128, 130 psi. The 112 psi reading coin-
cided with the regulator that initially freeflowed then
stopped. The first stage intermediate pressure rose
from 115 o0 137 psi maximum, and dropped {rom 98
to 78 psi minimum.

Analysis: Despite exterior [reezing on the first
stage, Mirst stage pressure was controlled satisfaciori-
lv. Work of breathing did not vary from previous
nonfreczing analysis. Both freeflow situations were
atiributed 1o the second stage, but the specific
malfunctioning component could not be determined.

Poseidon Thor: Four runs were completed suc-
cessfully.

The initial first stage overboltom pressure after
freczing: Preset pressure was 130 psi; recorded
pressures: 160, 160, 164, 167 psi. The first stage in
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termediate pressures rose from 123 1o 127 psi max-
imum, and minimum values held at approximately
103 psi.

Analysis: Despite severe exterior freezing on the
first stage components, the first stage pressures were
controlled satisfactorily. Work of breathing did not
vary from previous nonfreezing analysis. Mo
malfunctions occurred.

Scubaproe MK X/G-250; Three runs were sue-
cessfully completed. One run was completed despite
a slight freeflow from the second stage which began
12 minutes inro the evaluaron and continued
throughout. On another run the second stage went
into a severe freeffow 3 minules into the evaluation.

Initial first stage overbotiom pressure after fresz-
ing: Preset pressure 118 psi; recorded pressures 138,
146, 117, 141, 142, First stage intermediate contraol
rose from 140 1o 176 psi maximum, and dropped
from 110 to 80 psi minimum,

Anaivsis:  Exterior freezing occcurred on  all
regulators which completed evaluation. First stage
over boltom pressure  consistently  increased
throughout the period of immersion 1o pressures well
bevond the preset value, Cause of the minor malfunc-
tion was attributed to ice forming over the interface
between the demand lever and the poppet valve, The
severe [reellow was caused by substantial ice forming
over the inlerface between the demand lever and pop-
pet valve, keeping the demand lever depressed. Addi-
tionally, ice had formed on the inhalation diaphragm
and the area immediately adjacent to the exhaust
valve,

Sea Sporr Zepher ZR-01: No runs were completed
successfully. During two runs, the second stage im-
mediately went into unstoppable freeflow when the
[irst stage was supplicd with high pressure air. Dur-
ing the third run the second stage wenl into severe
freeflow 10 minures into the evaluation.

Initial first stage overbotlom pressure alter Mreee-
ing: Preset pressure was 150 psi; recorded pressures
al 160, 164 psi. One pressure reading could not be ac-
curately auained. First stage intermediale pressures
were only attainable during the first 10 minwes of
one study. Maximum over bottom pressure rose from
164 (o 174 psi, minimum over bottom held at 138 psi

prioe 1o entering a frecflow condition.

Analvsis: Mo specific cause of the two severe {ree-
flow cases could be identified. During the one test
that resulted in frecflow after 10 minutes of the im-
mersion analysis, ice had formed in the first stage
spring cavity and on the first stage piston O-ring
despite the pressure of silicon grease. In the second
stage, ice had formed on the defector plate and pop-
pet assembly. The rests could not be completed.

Sherwood Magnum Blizzard: Four runs were com-
pleted successfully.

Initial first stage overbotiom pressure after freez-
ing: Preset value was 133; recorded pressure at 130,
130, 133, 133. Regulators initially began the immer-
sion with maximum first stage intermediate pressure
of 142, pressures remained relatively constant
throughout the period only rising briefly to a max-
imum 163 psi. Minimum values remained consistent
throughout, fluctuating between 120 and 115 psi.

Analysis: Despite external freezing on first stage,
the regulator satisfactorily maintained firse siage
pressure, work of breathing did not varv from
previous nonfreezing analvsis,

Tekna 2000 80X One run was completed suc-
cessfully, however, first stage overhoitom pressure
increased dramatically from 137 to 185 psi over the
one-hour period. Fifty minutes into another run, the
second stage commenced 2 minor freeflow. Again
first siage overboltom pressure increased dramatical-
ly over the immersion period to 190 psi. Twelve
minutes into a third evaluation, the second stage
went into severe freeflow.

Presel Dirst stage overbottom pressure after freez-
ing was set at 118 psi; recorded pressures were 119,
121, 127 psi. Afrer one-hour immersion, the first
stage intermediate overbortom pressure rose from
140k 1o 190 psi maximum, and minimum values held
at approximately 115 psi.

Analysic: The firse stage repulator exterior freezing
occurred on all completed evaluations. First stage
overbottom  pressures dramatically increased
throughow the period of immersion. Analysis of the
second stages showed ice formation about pilot valve
stemn. Relative breathing work of Tekna remained
consistent throughow the evajuation.
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U.5. Divers Conshelf 5E-2: One run was com-
pleted without any malfunction. On another run, the
second stage went into slight freeflow at 56 minutes
into the evaluation. First stage overbottom pressure
had consistently risen from 138 psi 10 maximum of
190 psi, then dropped and held at 170 psi. On two
runs, the regulator’s second stage went into severe
free flow at 17 and 22 minutes inio the evaluaiions,
and increased in severity. First stage pressure remain-
ed within normal operating pressures,

The overbotiom pressures after freezing: Preset
pressure was 138; recorded pressures were 156, 145,
148 164 psi. First stage intermediate pressure control
during one-hour immersion: Regulator initially
began the immersion period with a maximum over-
bottom pressure of 140 psi, Pressure varied up to 190
psi but then returned to 170 psi. Minimum values
began at 130 psi and then dropped to 105 psi.

Analysis: First stage exterior icing occurred in all
cases. First stage pressures were often erratic. The
severe Freeflow was caused when ice formed on the
second stage between the horscshoe valve and the
poppet valve, on the inhalation diaphragm, and im-
mediately adiacent to and in the exhaust valve. In the
minor freeflow incident small quantities of ice had
formed on the interface between the horseshoe valve
and the poppel; freeflow was evidently caused by
high overbottom pressure. Work of breathing did not
vary from previous nonfreezing analysis.

U8, Divers Pro Diver: Mo run was completed sue-
cessfully. On three runs the evaluation was stopped
after the regulators went into severe freeflow when
the first stage was supplied with high pressure air.

Initial firat stage overboltom pressure after freez-
ing: Preset pressure was 140 psi. During these three
evaluations accurate first stage pressures could not be
attaincd. The regulators were subsequently
monitored in a static condition, pressures recorded
were al 200, 200, 220 psi. During the first stage in-
termediate pressure control one-hour immersion test,
the overhattom pressure rose (o such an exXtreme as o
immediately overpower the dynamically balanced se-
cond stage valve.

Analysis: Regulator malfunction was directly ar-
tributed 1o high first stage intermediate pressure.

Cold Water Function Discussion

First stage external spring cavity freeze: The cold
water conversion kits used on the diaphragm first
stage regulators proved 1o be totally effective in
preventing first stage exterior freeze of the spring
cavity. No exterior freezes of diaphragm first stage
regulators were recorded. The dry air bleed system on
the Sherwood Magnum Blizzard also proved totally
effective in protecting its first stage from spring cavi-
ty frecee.

Environmental silicon grease proved effective in
preventing spring cavity freezing. However, the ex-
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tecior of the first stage of the Sea Sport Zepher ZR-01
froze when silicon grease was forced out of spring
cavity through the [irst stage ambient sensing ports
by piston action and water entered. The extrusion of
silicon grease is a common problem with piston
regulators. It can be Emited, bul not prohibited, via
the adaptation of smaller ambient sensing ports as
found on the Scubapro MKX environmental stan-
dard silicon protection environmental cap.

First stage interior freeze. Mo occurrence was
recorded.

First stage intermediare pressures immediately
after freezing: Relatively excessive first stage in-
termediate static pressures were recorded with AGA
Divator Il with USD Royal SL first stage and the
1.5, Diver Pro Diver also equipped with the Royal
SL first stage. The AGA breathing valve, a balanced
pilot second stage, never went into freeflow.

However, the USD Pro Diver second stage, a
dynamically balanced downsiream poppet valve,
went inte freeflow on every evaluation. The Roval
SL first stage did have cotton diaphragms installed,
but its performance after freezing was not as con-
trolled as USD Conshell (X1V) first stage used with
the USD SE2. All other first stage regulators’ static
pressures remained near preset standards. The most
precise intermediate stalic pressure control was
demonstrated by the Sherwood Magnum Blizzard.

First stage intermediate pressure control during
oae-hour immersion: Once the breathing machine
was started, all first stage intermediate pressure
returned to optimum, with the exception of the Sea
Sport Zepher ZR-0l. In this case intermediate
pressure increased from a preset 150 to 175 psi and
the first stage froze and the regulator freeflowed.

The AGA Divator MK 11/USD Royal 5L, the
Poseidon Cvklon 5000, the Odin, the Thor and the
Sherwood Blizzard continued to operate within
preset first stage pressure ranges.

The USD SE2 operated normally but on one in-
stance pressure increased to 190 psi, then dropped
and maintained ar 170 psi. This coincided with a
slight freeflow, but the evaluation was completed.
Both the Scubapro ME X/G-250 and Tekna 2100 BX
had consistent increases in overboltom pressure with
MK X/(G-250 rising to 174 psi and the Tekna to 190
psi. The design characteristics of both second stages
{the Scubapro, a balanced adjustable, the Tekna, a
pilot) prevent the second stages from freeflowing asa
direct result of excessive first stage overbotiom
PrrEELICS.

Second Stage faifure due ro excessively high first
stage overbottom pressure: The USD Pro Diver was
the only regulator that mallunctioned doe o ex
cessive first stage pressure. The 11.S. Diver Conshelf
SE-2 (identical second stage to the Pro Diver) did at-
tain a slight freeflow when pressure went as high as
190 psi. However, pressures returned to 170 psi and
the regulator completed the evaluation without at-



laining a severe freeflow.

Second siage failure, due ro freezing of valve
assernbiv: this occurred once in the Poseidon S000,
twice with the Scubapro ME X/G-250, the Sea Sport
Fepher ZR 01, the Tekna 2100 BX and three times
with the U.S. Diver Conshell SE-2. Tt was due to ic-
ing on second stage demand valve mechanisms. Both
the Scubapro MK X/G-250 and U.5, Diver SE-2 se-
cond stages had ice Form on demand diaphragms im-
mediately adjacent 1o the exhaust valve {in the case of
the SE-2 on the interior surface of the exhaust valve)
which suggesis some moisiure may have splashed
back rom the exhaust valve.

Cold water performance based on second stage
Cdesign:

Unbafarced/dynamically balanced demand pop-
per: Comparing the performance of two structurally
similar regulators -- the Sherwood Magnum Blizzard
second stage 1o the U.S. Divers Conshelf SE-2 (same
a5 Pro Diver) -- would indicate the Sherwood
Magnum Blizzard to be the superior of the two. The
Sherwood teflon-coated components and heat reten
tion system were effective in preventing second stage
malfunction. The Poseidon Cyklon 5000 second
stage design (side mount mhalation/exhalation
diaphragms, operation device linkage with ejector)
was also effective,

Preumatically balanced, demoend poppet Scubepro

MK X/G-250: The Scubapro G-250 second stage
malfunctioned due to second stage icing. [is relative
performance, being the only second stage in this
categary, is considered moderace. lis balanced design
was considered (o have played an important role in
preventing freeflow, as first stage pressures rose from
a preset value of 118 psi 1o as high as 176 psi during
the immersion study.

Pifot/Serva: The Sea Sport Zepher-01 and the
Tekna 2100 BX sccond stages both malfunctioned
due to icing. The AGA MK Il breathing valve, the
Poseidon second stage in the Poseidon Odin and the
Thor clearly out-performed the Sea Sport Zephyr
and Tekna and are considered to be effecrive.

Total Performance Rating in Cold Water

Based on performance during cold water function
evaluations, the repulators tested are grouped
alphabetically in the following performance
calegories:

Superior Performance

AGA Divator ME 11 Breathing Valve with

AGA mouthpiece/1).S. Divers Royal SL First
Stage

"oseidon Cyklon S000

Poseidon Cdin

Poseidon Thor
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Sherwood Magnum Bhzeard

Moderate Performance
Scubapro MK X/G-250

Unaccepiable

Sea Sport Zephyr ZR-01
Teckna 2100 BX

U.S. Divers Conshell SE-2
U.5. Divers Pro Liver

Conclusion

Cotton-backed diaphragms substantially enhanced
the control of intermediate pressures afler exposure
to cold con fitions.

In all cases breathing resistance and the work of
breathing valuzs of regulators equipped with cold
water conversion kits or silicon grease, increased as a
dirzct resul: of the modificanons. Although total ef-
fects varied, all units evaluated were considered to be
functionally safe ar all depths up to 198 FSW,

The results indicated 2 strong interdependence be-
tween first and second stage performance. In in-
stances where first stage intermediale pressures rose
excessively, immediately after freezing or during the
immersion, the vse of prewmaticelly balanced second
stages prevented total system failure,

During immersion sludies, diaphragm first stage
regulators provided greater consistency of control on
overbottom pressures in comparison to piston
regulators that use environmental silicon grease. Ad-
ditionally, diaphragm units recorded no external
freezes while silicon injected units did. Piston
regulators required continuous checks and
maintenance for extrusion of grease while diaphragm
units suffered no extrusions. Materials used in the
manufacture of main first stage diaphragms should
be specifically selected to provide maximum flexihili-
ty and minimum rigidity during exposure to cold.

second stage regulators of a conventional design
(U.S. Divers and Scubapro and exempling Sher-
wood), were consistently out-performed by
regulators  of unconventional design (AGA,
Poscidon) that utilized balanced pilot/servo assist
mechanisms. These units also incorporated features
that lessened the effects of moisture and cold via the
use of plastics, rubber valve sleeves, check valves,
reduced area of exposed mechanical linkage, and
removal of primary second stage actuation devices
from the immediate and direct path of exhaled gases
and splash back from exhaust valves.

Owerall, five regulators were considered superior
performers, one considered moderate, and four
unacceptable. Regardless of a regulator’s superior
performance, proper standard operating procedures
for cold water operations should always be Tollowed,



Undercurrent Travel Questionnaire

Response Requested
Location being evaluated? Would you rerurn?
Haoitel/Liveaboard boar Dive shop
Date of your trip__ ___What are best diving months?
Where else have vou dived?
tropical fish [Cabundant COnol bad Clsparse
fich size Clarge ones plentiful Tla few big ooes Conly wopicals
hard coral Cplenty and cobor ful Do.k. [(kind of a hare
gt caral, gorgonia Cplenty and coborful Da.k. Clkind of a bore
the wall [ beautiful and exciring Oa decent dive Clra wall at all
caves, ledges... L good variery [J=ome of interest Clnone worth diving
wrecks [Cexciting Cworlh a tank ar rwo [CInone
sharks L'a couple for fun Unone tpo many
beach diving [las good as the boats Cifair possibilities CIna way
snorkeling from beach [Ciquite interesting Cnet bad [Imone or nothing (o see
wiler lemperaiure L80° + O74=5-19= [lleas than 74*
visibility 090 1. or more C50-90 fiu, Cless than 50 fi.
rules for expenenced divers Cino restrictions Cla litile tight Cltreated as a novice
guides for new divers I top-rated Cuecepluble Lllousy

decompression compulers
dive personmel

day ume diving freguency
right diving

Clo.k. to use Mrecly

[ thelp with all gear and tanks

13 or more tanks/day
Lifrequent

i quality Uno problems

air fills 13000 psi +

rentul gear Cleveryliung vou aced
repair capability Ucan handle anvihing

overmught cklachrome develop-

Clonly with guide
Tlassist il asked
12 tanks per day
11-2 timesfweek
I weadered
12250 psi +
—lanks, wi. belts...
soime repair capacily

(OMavy Tables only
DOyou tote the tanks
[lone per day

[imone

LI worsied
Oshort<hanged often
LIbring cverything
Cpray notking breaks

ment Clon premises Linearby slores [Inot available
hoiel Tood Mgmirmet Ined bad Cugh!
accommodation Maxury Tlo.k., decent Cfar below par
nightlife Clewinging lemonagh Cldead

locals [Thelpful, friendly Cno complaints [Thaostile

weather [grea: every day ok [Cimany had dayz
insects [CInone Cnow and then

Ctoo many bites

Comments and comparison 1o other places:

Circle the number of stars applicable to vour
experience, from 0 to § (for the tops)

Diving for beginners * * * * K
Diving for old pros ok ok ok ok
Beach snorkeling * * * * *
Hotel meals * * * & *
Hotel otherwise koW ok w W
Money's worth * * * * *

PLEASE RETURN THIS TC:
UNDERCURRENT, P.O. BOX 1638,

SAUSALITO, CA 94965

Name

Address

Cily _ = — State
Zip Tel.
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Undercurrent Travel Questionnaire

Response Requested
Location being evaluated? Would you return?
Hotel/Liveaboard boat Dive shop
Date of vour Irip What are best diving months? =
Where else have you dived? -
tropical fish Clabundant Unot bad [sparse
fish size Dlarge ones plentiful Ca few big ones [lonly tropicals
hard coral Ciplenty and colarful Cok. Ckind of a bore
soft coral, gorgonia Clplenty and colorful Do k. [lkind of a bore
the wall [ Toeauntiful and cxciting Oa decent dive Uno wall at all
caves, ledges... Cgood varicty Cisarme af inlerest O none worth diving
WTET S [Texciting Chwarth a tank or two (i
sharks Ca couple for Tun Clnone Cioo many
beach diving [as good us the boals [Ifalr possibilitics Do way
snorkeling from beach Clguile interesting [Inot bad Clnone or nothing 1o see
Water lemperaiure [IB0" + [174%-797 ess than 74
visibility %) fr. or more CIs0-940 fr. [(Tless than 50 ft.
rules for experienced divers Cno restrictinns Lla Little tight Cltreated as & novice
guides for new divers Ctop-rated Dacecepiable Cllowsy
decompression computers Dok, bo use freely [only with guide [Mavy Tables caly
dive personnel [Chelp with all gear and tanks  Cassist il asked Cyou tote the tanks
day nime divieg [regquency 13 or maore wnks/day M2 tanks per day —one per day
night diving Cfrequent 1.2 times/ week [Inone
air guoality [Ino problems [0 wondered O worried
air fills CI3000 psi + 2250 ps + Cshort-changed often
rental gear Cleveryihing you need [hanks, wi. belis... Chring everything

repair capabilivy
overnight ektachrome develop-

Cean handle anything

{ lsome repair capacity

[Mpray nothing breaks

mend Con premises Cnearby stores [ Inat avmlable
hotel food Clgownn st Cinot bad Claght
accommodation Clluxury Ce.k., decent [CIfar below par
nighnlife Cswinging Cembugh dend

locals Cihetpful, friendly [no complaints Jhostile
weather [grear every day Oo.k. Cmany bad days
insocls [Cnone [Inow and then O many bites

Comments and comparison to other places: .

Diving for beginners

Diving for old pros

Beach snorkeling

Hotel meals

Haotel otherwise

Money's worth

® * & %k
* * * *
* &* * %
* * * &
* k * &
* W d

PLEASE RETURN THIS TO:
UNDERCURRENT, P.O. BOX 1638,
SAUSALITO, CA 94965

Circle the number of stars applicable to your
experience, from 0 to 5 (for the tops)

* % % & % *

MName

Address

City State
Zip Tel.
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Undercurrent Comments

50, the truth is out,

There are a handful of super regulators on the
market, a slew more of very good regulators, a bunch
that are probably alright for most vacation divers,
and a handful that, well, a serious diver wouldn’t be
caught dead with, Or would he?

For cold-water divers — those who brave the Great
Lakes, Long Island Sound, or do any diving where
the surfoce temperature is less than 37°F - there are
really four fine regulators to choose from.

At least that’s our interpretation of the Navy rests.
You see, a superb regulator is so vital to the safety of
a diver, that to dive with anything but the best - or
one of the best - is a rigk we prefer to aveid. Bue, just
what is the best? And why should a sport diver, who
doesn't push himself like a Navy diver, need the best?

The answer is nol complicated. A sport diver, in
our hook, should be prepared for any contingency
that may occur. Only the best regulators permit that,
The extra hundred or two hundred dollars they might
cost is cheap insurance.

To understand the difference between a top-of-the-
line regulator and the rest, simply realize the three ex-
ternal major variables that affect how - or whether --
a regulator will deliver air.

1. The deeper one goes, the more difficult iLis for a
regulator ro deliver air and the more resistance is of-
fered 1o exhaled air. Every regulaior has an ultimate
depth limitation.

2. The lower the air pressure in the tank, the more
difficult it is for a regulator o deliver air. Some
regulators can pull air from a nearly empty tank,
while others will deliver no air at the same psi.

3. The harder a diver works -- thar is, the more
rapid and deep the diver has to breath -- the more dif-
Ficult it is for the regulator to deliver air and the more
resistance 15 offered 1o exhaled air.

In evaluating a regulator, forpet all the advertiser's
hooey about pistons and balance and servo-
assistance and biradial diaphragms. Independently of
the conditions under which the regulator will deliver
air, the technical specs mean little to the.sport diver.
The truth 15 in the test performance.

surely the regulator manufacturers know just how
well their products work. It's just thar they have
chosen Lo provide magnificent technical descriptions
as substitutes for facts about performance.

The latest ad for the AMF Mares MR 12-111 says
irs "‘balanced diaphragm design provides consistent
intermediate pressure for years of dependahle perfor-
mance'” and it has ““an ingenious, second stage by-
pass lube thal creates a switling, low-prassure vormex.
Allowing vou to breathe naturally and effortlessly.
Even under the toughest diving conditions.”

Tabata doesn’t even say that, **The new Liberator
TR-200 regulator comes in a variety of Tabata’s
famous hot colors. And it features a purge slide lock
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which relieves pressure on the demand valve during
storage, Rated at 4000 psi, the TR-200 has a 360°
swivel top plus two high-pressure and four low-
pressure ports.”'

That's the sort of information manufacturers pro-
vide to entice us to buy their regulators. We deserve
more than that., Thanks to the Navy tests, we now
have it.

But apain, why does the typical sport diver need a
top-of-the-line regulator, Won™t just an ordinary one
do?

Suppose you're diving in a tidal flow or a sirong
current. Or suppose you find yourself with less than
300 pei, strong current or not. If you're at 100 feet,
or even 60 feet, several of the repulators the Navy
tested do not deliver air with the case their standards
require. Under more severe circumstances, it could
mean that vou might not even be able to draw air.

As a sport diver you shouldn't get into these cir-
cumstances. Hopefully, vou won't. But it’s impor-
tant to note that there are scores of sport diver deaths
every yvear where the victim is found with some air
left in his tank, but he has drowned. Often the
regulator is out of his mouth, as if he couldn’t get air.
‘The deaths are chalked up 1o drowning or in some
cases panic, but in many cases the reason for the
death is that the diver couldn't get air. Because of
some combination of his work or breathing, the
depth at which he was diving, and the low air
pressure in his tank, his regulator just couldn't
deliver.

And il the regulator’s failure Lo deliver air doesn®y
cause a fawality, it can lead to an embolism or the
bends. Too many divers, when a regulator has failed
to deliver, have panicked and hightailed it 1o the sur-
face, only to injurc themselves in the process. In
many cases, by rising ten or fiftecen or twentiy feet, the
lessened pressure permits the regulator once again to
draw air from the tank. Had they tried 1o inhale once
again, they would have found air - which is one
reason why one should leave his regulator in his
mouth on free ascent and breath in and out -- not
hum.

Mo one officially attributes these injurics or deaths
to regulator failure, although the regulator, in many
cases, did fail. When it"s tested on the surface it
works just fine. But odds are the diver was injured or
died when his demand for air exceeded the ability of
the regulator 1o deliver — when he exceeded the
specifications of the regulator ... specifications, the
manufacturers don't address in their advertisements
or their literature.

S0, in our mind we think the serious diver, and
even the occasional diver, ought to have one of the
top-of-the-line regulators -- just about any of those in
Group A or B. The three we might question are the
Poseidon Thor and the Poseidon Cvklon 300



(distributed by Pos Dive) and the Sherwood Magnum
11 SEB-3000. Each of these apparently failed to meet
U.S. Navy specs at the low tank pressure of 300 psi.
But plenty of others nicely exceeded those specs, so

any of the following are excellent, top-of-the-line
choices.

1. AGA Divator [I with US Divers Royal SL

2. Oceanic Omega 11 Maxflo

3. Poseidon Odin distributed by Pos Dive

4, Scubapro MK X/0G-250

5. Scubapro MK 2/D 3000

6. U.5, Divers Conshelf SE-2

7. U.5. Divers 21

8. U.S. Divers Pro Diver

And though not all of these were tested under-
water, four which were came out on top of the 1op:

1. AGA Divator MK I1 with US Divers Royal 5L
2. Scubapro MK X/ G-250

3. 11.5. Divers Conshelf SE-2

4, U.5. Divers Pro Diver

We should point our here that the Sea Sport
Zepher and the Tekna 2100 BX were not bench tested
becanse, as an NEDU spokesman told Undercurrent,
“‘none of the ‘pilot’ regulators were studied because
of the nature of the test equipment. The testing is
designed to show comparisons of breathing
resistance and since pilot regulators are positive
pressure, there is po breathing resistance 1o measure.
They are almost resuscitators rather than regulators.
Once a pilot is activated it throws air at you." Some

THE 1980 U.S. NAVY TESTS

In 1980, the U.S. Mavy performed similar tests on
regulators that were commercially available then,
when the report was made available, Undercurrens
reported the results.

Mo doubt, many people diving today are using
regulators that were covered in those reports. So thar
one can see how these older models stack up with new
regulators, we have decided (o reprint the resulis of
those tests. Please note that Group A performance
standards at 198 feet were not established by the
Navy in 1980, so at that time Group B was considered
top of the line.

Group B. Regulators which met or exceed the work
of breathing requirement up to 132 fsw, a moderately
heavy work rate, and 1000 psi supply pressure.

1. Poseidon Cyklon 300

2. Scubamaster Madel 7687

3. Scubapro Air I/MK V (4 port swivel)
4. Scubapro Air I/MEK V (5 port swivel)
5. Tekna T-2100R

6. U.5. Divers Calypso V1

7. 1.5, Divers Conshelf X1V
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of the personnel testing the regulators thought this
feature was unsafe, although when the Tekna Z100B
was tested underwater by divers they found it safe
and acceptable. On the other hand, they found the
Zepher 10 be **not quite adequate and unsafe.”

Three AGA Divator regulators were tested in com-
bination with a full face mask which is used when
underwater communication is required. We did not
pul these on the recommendation list above simce
they are impractical for sport divers. The AGA
Divator MK 11 second stage with a U.S. Divers Royal
SL first stage is commercially available, although dif-
ficult to find.

All the regulators tested were purchased in 1986,
Since then, some have disappeared and new models
have appearcd. But, most often those new models are
only modified versions of the older models, and the
modifications raay do little to improve performance.
The switch from chrome plating to plastic so as to
reduce weight and permit a variety of colors is the
kind of change that does a lot to sell regulators, but
does nothing to enhance performance.

But many companies do make internal changes
and those changes can affect performance, Mo doubt
there are one or more new models on the market that
would make our top eight list if they were put
through the tests ar the US Mavy Experimental Dive
Unit. Bur, until those tests are conducted and releas-
ed, it is our belief that the serious diver looking for a
new repulator ought io select it from one of those
which the Navy has already tested.

And there are plenty to choose from.

Group C. Regulators which meet or exceed
military specifications for breathing resistance, bul
do net meet the work of breathing standards of
group B.

. AGA Divator 3124/U5D Conshell X1V
. Dacor Pacer 150

. Dacor Pacer 304

. Dacor Pacer 600

. Dacor Pacer 900

. Jepson Model 200

. Scubapro Mark V (4 port-swivel)

. Scubapro Pilot Mark V (4 port swivel)
. Scubapro Mark V (5-port swivel)

10, Sherwood Selpac SRB 2000

11. Sherwood Selpac SRB 3100

12. Sherwood Selpac SRB 4100

13. Spartsways WL 200

14. Sportsways W-600 Hydronaut

15. Sportsways W-900 Waterlung

16. Sub Aquatic Systems Sub [1

17. Sub Aquatic Systems Sub X

18. Swimaster MR 12

19. Swimaster MR [2-11
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20. Swimaster R14 Polaris pensator inflator mouthpiece; not a primary

21. Tekna T-2100) lesulntnr]
Z2. 1L.5. Divers Aquarius 2. Scubapro Air [I/MK V {a buoyancy com-
23. White Stag Deep pensator inflator mouthpiece; not a
Group D. Regulators which did not meet the primary regulator)
military specifications for breathing resistance 3. Sea Pro FSDS 10
established in Group C. 4. Sca Pro FSDS 50

5. Sportsways 950 Arctic

1. Dacor C 3NB 6. Sportsways 1390

2. Scubapro Air 1I/MK V {a buovancy com-

1980 GROUP B: & ; : AR R
« Regulaiors which met or exceeded the

1986 work of breathing requirement up to 132 fsw, a moderately | 2o g g i

heavy work rate, and 1000 psi supply pressure, Light T E R R
Modirale & & & & & @
Motderately Heay @ @ & @ O O
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A 1000 psi 11 a6 W 182 16Y 198 A NOCHD pasi 3 6h ¥ O132 185 198 -
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Heavy ® 0O 0 O 0 0 Heavy ® & O O O O] vigw . & & & & B
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Lanieme * @ @ O 00

Tekna T 2100H 1S, Dhvers Calypsn ¥ Wk, Davens Comshell X1%
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Exireme ® & 0O O O O Fureme O 0 O 0 O O B ® 0O 0 000

1930 GROUP D: Regulators which Failed to meet the specifications for breathing resistance

in Group C, as well USN performance standards.

Drmcor C 3NE Hembarpes Alr [I/ME ¥ eapru FRDA 10
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