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NAVY EXPERIMENTAL DIVING UNIT
WASHINGTON NAVY YARD

WASHINGTON, D.C. 20390
EDU:RYI: jt
3960

Ser: f;aff

' h 1571
From: Officer in Charge, Navy Experimental Diving Unit 31 AUG %
To: Supervisor of Diving

Subj: Letter Report 7-71, Evaluation of SCUBA PRO MARK I, MARK V and
MARK VII Open Circuit SCUBA Regulators

Ref : (a) NEDU Letter Report 5-70 to NAVSHIPS OOC EDU:SDR:mcc 3960
Ser 923 of 29 Dec 1970. Evaluation of SCUBA PRO MARK I
and MARK V Open Circuit SCUBA Regulators

(b) SCUBA PRO 1ltr to NAVSEC of 15 Apr 1971
(¢) NAVSEC 1ltr to SCUBA PRO 6124B:LEG:emm 4123/24169 Ser 1120~
6124B of 8 Jun 1971

Encl: (1) Exploded View, SCUBA PRO MARK I and MARK V SCUBA Regulators

(2) EDU Breathing Resistance Test Apparatus for Open Circuit
SCUBA Regulators (Single Hose)

(3) Breathing Resistance vs Depth Curves for SCUBA PRO MARK I
(MIL-101) Regulator No. 160565

(4) Breathing Resistance vs Depth Curves for SCUBA PRO MARK V
(MIL-105) Regulator No. 160634

(5) Breathing Resistance vs Depth Curves for SCUBA PRO MARK VII
(MIL-107) Regulator No. 160658

1. Reference (a) reported the SCUBA PRO MARK I and MARK V unacceptable
because the inhalation resistance of all the regulators tested was
unsatisfactory within a portion of the range of regulator adjustments
that can be made by a diver in the water.

2. Reference (b) requested resubmission for qualification testing of
the SCUBA PRO MARK I (MIL-101), MARK V (MIL-105) and MARK VII (MIL-107)
single hose demand air regulators modified for military use. Reference
(c) approved retesting of subject regulators.

3. Three SCUBA PRO Regulators; MARK I (MIL-101) Serial number 160565,
MARK V (MIL-105) Serial number 160634 and MARK VII (MIL-107) Serial
number 160658, were delivered to the Navy Experimental Diving Unit and
subsequently tested in May 1971.

4. FEnclosure (1) contains an exploded view of the standard MARK I and
MARK V SCUBA PRO regulators. The adjustment knob (item 11, sheet 1 of
enclosure (1)) has been modified for the MARK I (MIL-101), MARK V (MIL-105)
and MARK VII (MIL-107) regulators such that the resistance adjustment

may be changed only by the use of a special tool provided by SCUBA PRO.
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The only difference between the three regulators (modified or unmodified)
is in their first stages. The MARK V (MIL-105) first stage will take
two second stages whereas the MARK I (MIL-101) will take only one. The
MARK VII (MIL-107) is basically a MARK V (MIL-105) with a sonic alarm

— added to the first stage which actuates when the supply pressure falls
below approximately 250 psig.

5, The test apparatus used and the method used for interpreting the
data are described in enclosure (2). The regulators were tested in
both wet and dry modes.

6. All regulators were not tested in the conditions of maximum
inhalation resistance and minimum inhalation resistance as tested in
reference (a) since regulator adjustments can not be made by a diver

in the water. All regulators were tested with the inhalation resistance
adjustment preset at SCUBA PRO prior to delivery at NEDU.

7. Test results are contained in enclosures (3), (4) and (5) and
summarized as follows:

a. Measured exhalation resistance levels are within MIL-R-24169A
1imits when tested in the dry mode for supply pressures above 250 psig.

b. Measured inhalation resistance levels for the MARK I (MIL-101)
and MARK V (MIL-105) regulators are within MIL-R-24169A limits when
tested in the dry and wet modes for supply pressures above 250 psig.
s High measured initial inhalation resistances (spikes) in the wet mode
are expected since it takes more effort to initially move the mass of
water against the diaphragm. These spikes are a characteristic
common to single hose regulators when tested wet, and are reported
here for the first time for record purposes only. The spikes have
little to no physiologic significance since they are very narrow, and
therefore represent very little physiologic work.

¢. Measured inhalation resistance levels for the MARK VII (MIL-107)
regulator are within MIL-R-24169A limits when tested in the dry and wet
modes for supply pressures above 500 psig. Resistance levels do not
meet MIL-R-24169A limits at 250 psig when the sonic alarm is actuated.

| d. Measured exhalation resistance levels in the wet mode are
slightly above MIL=-R-24169A limits below 50 feet, 25 feet and 40 feet
for the MARK I (MIL-101), MARK V (MIL-105) and MARK VII (MIL-107)
regulators, respectively.
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8. In view of the test results the SCUBA PRO MARK I (MIL~101) and

MARK V (MIL-105) single hose regulators are considered acceptable for
use in the U,S. Navy and for placement on applicable qualified products
listings.

9. It is recommended that further evaluation be performed on the
MARK VII (MIL-107) regulator to determine whether the sonic alarm

meets material certification requirements, .

i -1
' A2 7 &
- / ’f‘f 7/ 7 ) /
//{y{&l /// ’,;/y/’- VA
(W (% » rd el T /L__/ -
W. 1. MILWEE, JR.
(
Copy to:
NAVSEC 6124B

NAVSHIPS 00C-142
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EDU BREATHING RESISTANCE TEST APPARATUS FOR
OPEN CIRCUIT SCUBA REGULATORS (SINGLE-HOSE)

Breathing resistance studies are conducted on open circuit SCUBA regulators
supplied to the Navy Experimental Diving Unit in accordance with the
following procedures and utilizing the following equipment.

I. Equipment Used

a. Mechanical respirator; the respirator used is a replacement to the
one described in Experimental Diving Unit Research Report 2-61 and produces
essentially the same condition at the regulator mouthpiece. Its exact
characteristics will be described in EDU Evaluation Report 1-71,

b. Statham Instruments Differential Pressure Transducer, model PR23-
ID-300 or 350, + 1 PSID, 13V max.

c. Sanborn 964 or 150 Recorder
d. Recompression Chamber
e. Regulator Testing Box

II. Equipment Set Up

The test equipment is set up as shown in figure 1, The mechanical respirator
is set up to deliver 2 liters per breath and 20 breaths per minute. The
waveform used is a sinusoid with an exhalation time to inhalation time ratio
of 1.1 to 1. A detailed arrangement of the regulator in the regulator

testing box is shown in figure 2. The end of the breathing pipe was specially
formed to fit tightly into the mouthbit without creating any flow restrictions.
The differential pressure transducer is connected to the mouthpiece so that

it indicates the pressure difference between the mouthpiece and ambient
pressure in the chamber.

III. Procedure

The test equipment shown in figure 1 is used to test the regulators in a
"wet" or a "dry" environment.

The "wet" environment is produced by adding water to the regulator testing
box to the level shown; allowing the regulator to be tested while immersed
in water. The pressure differentials between the mouthpiece and ambient
during inhalation and exhalation are recorded with the transducer and
Sanborn recorder. During '"wet" testing, the differential pressure readings
from the transducer contain a component due to the weight of the water above
the regulator. During these tests the maximum pressure differentials (for
inhalation and exhalation) are measured from the '"zero flow condition
pressure' measured at the time between the inhalation and exhalation cycles
when no net flow is passing through the regulator.

Enclosure (2)
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"Dry'" testing is accomplished using the same equipment and set up with the
exception that water is not present in the regulator testing box. During
the "dry" testing, when there is no inherent differential pressure caused by
the water, the maximum pressure differentials are measured directly from

the transducer "0 differential" condition (same as the "zero flow" condition
above) .

Peak inhalation and exhalation pressures are measured at 25 foot increments
from 0 to the equivalent of 200 feet of sea water.

Enclosure (2)
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Water Manometer
Used for calibration

Enclosure (2)
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