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The mask was first tested in the normal umbilical supplied mode to provide
a basis for compariéBETTSThe MK 1 Mod O was then set up in bailout or
emergency mode using first a Scubapro MK V first stage and second a U.S.
Divers Conshelf XII first stage. Both first stage regulators were set to
factory specifications for intermediate pressure. The standard MK 1 Mod O

second stage was used throughout the test series.“ﬁ

Results of the Scubapro MK V and U.S. Divers conshelf XII comparison

| showed that the Conshelf XII significantly outperformed the MK V. Further
tests were conducted using the Conshelf XII at varying intermediate pressures
and bailout configurations.

Tests were run with the Conshelf XII supplying pressure to the sideblock
emergency port at pressures varying from 135 to 180 psig O/B. A special
adapter was constructed and the same tests were run with the first stage
supplying the umbilical port.

Test results showed that mask performance in the bailout mode was
comparable to that achieved in normal umbilical mode at depths over 60 FSW
only when intermediate pressures to the bailout port approached 180 psig O/B.
When the first stage regulator was attached to the umbilical port with a
special adapter, mask performance was almost indentical to that of normal
‘ umbilical mode at supply pressures of only 135 psig O/B. However, because
| of the additional expense and logistic requirements of using a special adapte+
for connecting the first stage hose to the umbilical port, it is recommended
that the USN MK 1 Mod O mask be used with scuba in the bailout supply mode. ;
Further, it should be used only in conjunction with a U.S. Divers Conshelf i
XII regulator with an intermediate pressure setting of 180 psig O/B. 1If
diving depths are limited to a maximum of 66 FSW, the 135 psig O/B intermediatje
supply pressure from the first stage to the bailout port is adequate.
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variety of diving suits (i.e. swimsuit, wetsuit, drysuit (Unisuit), and MK 16

“._hot water suit) was also investigated. The observed findings are described
and discussed. /At was concluded that MK 1 Mod O tethered SCUBA is a viable,
safe diving configuration with demonstrated flexibility regarding the diving
suits with which it can be used.ﬁ\
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Abbreviation

BPM
cm Hp0
fsw
HeO2
I.D.

kg.m/1

LPM

mil spec
NEDU
0/B

AP

psig

USN

Glossary

Definition
breaths per minute
centimeters of water pressure (differential)
feet of seawater :
helium-oxygen breathing gas
inside diameter

breathing work in kilogram meters per liter
ventilation

liters per minute (flow rate)
military specification MIL-R-24169A
Navy Experimental Diving Unit

over bottom pressure

pressure differential

pounds per square inch gauge

respiratory minute volume in liters per minute

United States Navy
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Abstract

PART I

NEDU conducted a series of unmanned comparative tests using the USN

MK 1 Mod O mask in various bailout mode configurations. The purpose of

these tests was to determine if the MK 1 Mod O uwask could be used safely

with a diver carried scuba air supply. This mode of operation would

potentially be used only by activities not having a sufficient air

. source to maintain 135 psig over bottom pressures during diving opera-
tions. In this configuration the tether would be retained for communi-
cations. The mask was first tested in the normal umbilical supplied
mode to provide a basis for comparison. The MK 1 Mod 0 was then set up
in bailout or emergency mode using first a Scubapro MK V first stage and
second a U.S. Divers Conshelf XII first stage. Both first stage regu-
lators were set to factory specifications for intermediate pressure. ;
The standard MK 1 Mod 0 second stage was used throughout the test series.

! Results of the Scubapro MK V and U.S. Divers Conshelf XII com-
parison showed that the Conshelf XII significantly outperformed the
MK V. Further tests were conducted using the Conshelf XII at varying
intermediate pressures and bailout configurations.

Tests were run with the Conshelf XII supplying pressure to the

[ sideblock emergency port at pressures varying from 135 to 180 psig O/B.
A special adapter was constructed and the same tests were run with the
first stage supplying the umbilical port.

Test results showed that mask performance in the bailout mode was
comparable to that achieved in normal umbilical mode at depths over
60 FSW only when intermediate pressures to the bailout port approached
180 psig O/B. When the first stage regulator was attached to the
umbilical port with a special adapter, mask performance was almost |
identical to that of normal umbilical mode at supply pressures of only
135 psig 0/B. However, because of the additional expense and logistic
requirements of using a special adapter for connecting the first stage
hose to the umbilical port, it is recommended that the USN MK 1 Mod O
mask be used with scuba in the bailout supply mode. Further, it should
be used only in conjunction with a U.S. Divers Conshelf XII regulator
with an intermediate pressure setting of 180 psig O/B. If diving depths
are limited to a maximum of 66 FSW, the 135 psig O/B intermediate supply
pressure from the first stage to the bailout port is adequate.

PART II

A human engineering and safety evaluation of the MK 1 Mod 0 in
tethered SCUBA configuration was undertaken at NEDU. The philosophy

iv




underlying this evaluation was that this configuration was, for practical
purposes, only an extension of normal SCUBA diving. Thus a determination
was sought as to whether the MK 1 Mod 0 or any associated equipment

would conflict with the necessary safety procedures involved in the use
of SCUBA. The compatibility of the MK 1 Mod 0 in tethered SCUBA con-
figuration with a variety of diving suits (i.e. swimsuit, wetsuit,
drysuit (Unisuit), and MK 16 hot water suit) was also investigated. The
observed findings are described and discussed. It was concluded that

MK 1 Mod O tethered SCUBA is a viable, safe diving configuration with
demonstrated flexibility regarding the diving suits with which it can be
used.




PART I

UNMANNED EVALUATION OF THE USN MK 1 MOD 0
MASK IN UMBILICAL AND EMERGENCY MODES

I. INTRODUCTION

In July 1977 NEDU conducted a series of tests using the USN MK 1
Mod O mask in various 'bailout" or emergency configurations. These
unmanned tests were conducted to determine if the MK 1 Mod 0 mask could
safely be used with scuba tanks as a primary operating mode. This mode
would potentially be used only by activities not having a sufficient air
source to maintain 135 psig over bottom pressures during diving opera-
tions. In this configuration the tether would be retained for com-
munications.

A complete series of tests was done initially using the mask in the
umbilical mode. This is the normal operating mode and was used to give
base data for comparison purposes. Tests included monitoring breathing
resistance at RMV's simulating light to extreme diver work rates,
measuring sideblock pressure drop and measuring umbilical pressure drop.

The mask was then tested in the emergency mode using two different
first stage regulators, firstly with a Scubapro MK V balanced piston
first stage, manufactured by Undersea Industries, Inc., 3105 E. Harcourt
Street, Compton, California 90221, and secondly a U.S. Divers Conshelf XII
balanced diaphram first stage, manufactured by U.S. Divers Company, 3323
W. Warner Avenue, Santa Ana, California 92702.

Both regulators were set to factory specifications of 135 psig 0/B
intermediate pressure. Each was tested under the same conditions
described above for the umbilical mode except that instead of monitoring
umbilical pressure drop, first stage intermediate pressure loss at the
various RMV's was measured.

Results showed that the Conshelf XII significantly outperformed the
MK V. Consequently, testing of the mask in conjunction with the Scubapro
MK V was discontinued.

The mask was further tested using the Conshelf XII at higher
intermediate supply pressures to the emergency port and the umbilical
port (using a special adapter). Test conditions remained identical to
those previously described.

II. TEST PROCEDURE

A. Test Plan

NEDU test equipment was set up as shown in Figures la and 1b and
all testing was done in accordance with applicable mil specs. The
actual test plan is given in Appendix A. A breathing machine simulated
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diver inhalation and exhalation at various depths. The instrumentation
and test equipment shown in Figures la and 1b is listed in Appendix B.
-3 Parameters controlled, measured, computed and plotted are listed below.

B. Controlled Parameters

The following parameters were controlled during the MK 1 Mod 0O !

tests.
1. Breathing Rate / Tidal Volume / RMV
a. 15 BPM / 1.5 Liters / 22,5 LPM
b. 20 BPM / 2.0 Liters / 40.0 LPM
c. 25 BPM !/ 2.5 Liters /' 62.5 LPM
d. 30 BPM / 2.5 Liters / 75.0 LPM
: e. 30 BPM / 3.0 Liters / 90.0 LPM

2. Exhalation/Inhalation time ratio: 1.0/1.0

3. Breathing waveform: sinusoid

4. Supply gas: air

5. Gas supply modes: |1
a. Umbilical |

b. First stage scuba regulator to umbilical port and
emergency port

6. Gas supply pressures:

a. Umbilical mode: 135 psig O/B at diving console

b. First stage mode:
(1) First stage supply pressure: 1000 psig

(2) First stage intermediate supply pressures:
135 and 180 psig O/B

7" Dial-A-Breath position was set on the surface for each
supply pressure tested so that 0.15 cmH)0 free flow pressure was achieved.
Then the valve was closed 1.5 turns and left in that position for the
duration of the test.




C. Measured Parameters

The following parameters were measured during the tests:

b [ Inhalation maximum AP

2. Exhalation maximum AP
3. AP vs. tidal volume plots
4. Dynamic pressure drop across sideblock {

5. Dynamic pressure drop across umbilical (umbilical mode é
test only) |

6. Dynamic pressure drop at first stage regulator outlet
(emergency mode tests only)

ol oo 6

D. Computed Parameters

Respiratory work is computed from AP vs. tidal volume plots for
selected test conditionms.

E. Data Plotted
The following data are plotted.

1. Inhalation maximum AP vs. depth at each RMV and supply
pressure tested

2. Exhalation maximum AP vs. depth at each RMV and supply
pressure tested

3. Respiratory work vs. depth at selected RMV and supply
pressures

4, Dynamic pressure drop across mask sideblock vs. depth at
each RMV and supply pressure tested

5. Dynamic pressure drop across umbilical vs. depth at each
RMV tested (umbilical mode only)

6. Dynamic pressure drop at first stage outlet vs. depth at
each RMV and supply pressure tested (emergency mode tests only)




ITII. RESULTS AND DISCUSSION

A. Description

The USN MK 1 Mod 0 is an open circuit full face mask with oral-
nasal cavity which is designed for surface supplied or saturation
umbilical diving. The mask has the capability of operating in either
the demand or free flow mode. The demand mode incorporates a "Dial-A-
Breath" valve which allows a diver to maintain low breathing resistance
regardless of gas supply pressure. The 'Dial-A-Breath" valve is also
used to create a free flow mode through the demand regulator. The
divers exhaled gas is vented through the exhaust valve in the demand
regulator assembly or through a supplemental exhaust valve located
beneath the demand regulator housing.

A gas supply umbilical conmects to the sideblock assembly on the
right side of the mask. The sideblock houses a non-return valve in the
umbilical supply port and also incorporates a separate gas supply valve
and connector for an emergency gas supply. The emergency supply normally
consists of a standard scuba tank and first stage regulator assembly
which is worn on the divers back. The intermediate pressure hose from
the first stage regulator connects to the emergency supply port on the
sideblock. In addition, for test purposes a special adapter was con-
structed which allowed the first stage intermediate pressure hose to
also be connected to the umbilical supply port. This was done to
determine if the larger porting in the sideblock umbilical flow path
would result in less pressure loss and lower breathing resistance. -

B. MK 1 Mod 0 Umbilical Mode Tests Results

1. Breathing Resistance Tests. Breathing resistance was
measured at 5 RMV's to simulate light through extreme diver work rates.
Light work was simulated at 22.5 RMV, moderate work at 40.0 RMV,
moderately heavy work at 62.5 RMV, heavy work at 75.0 RMV and extreme
work at 90.0 RMV. The mil spec (reference 1) calls for 40 RMV only.
The other RMV's were measured, however, to indicate the full range of
mask performance.

The breathing resistances plotted in the figures are the maximum
values measured, excluding cracking pressures, during a complete
inhalation-exhalation cycle at a given depth and RMV. Umbilical supply
pressure was maintained at 135 psig O/B. On plots where the data is
incomplete, the test was terminated due to excessive breathing resistance.

a. Inhalation Characteristics. The inhalation re-
sistances plotted are the maximum pressures recorded, except for
cracking pressures, at all RMV's. Maximum resistance always occurred at

st ekl st




the point of peak flow rate during inhalation and exhalation cycles. It
was observed that breathing resistance was very sensitive to "Dial-A-
Breath" position. Consequently, the valve was set as previously de-
scribed for minimum breathing resistance at a specific overbottom
pressure and left for the duration of the test. This is true for all
modes tested in this report.

The cracking pressure of the MK 1 Mod O mask was low and generally
was accompanied by smooth flow and no pressure fluctuations on inhala-
tion. The initial pressure spike represents very little breathing work
and is ignored when it exceeds peak flow differential pressures. High
differential pressures to initiate flow in a demand regulator usually
result from an incorrectly adjusted diaphram/linkage assembly. This
represents no threat to the divers life support system or its overall
performance. A typical pressure volume-loop is represented in Figures 2
and 3. This also applies to all modes tested in this report.

Inhalation resistance remained almost constant at 22.5 (Figure 4)
and 40 RMV (Figure 5) reaching a peak of 12 cmH20. This is also true of
62.5 RMV (Figure 6) until 198 FSW is reached and breathing resistance
increases from 15 to 40 cmH30.

At 75 RMV (Figure 7) breathing resistance is very low until depth
approaches 165 FSW exceeds 50 cmH70. This represents heavy diver work
and mask performance under these conditions is exceptionally good.

The extreme work rate of 90 RMV (Figure 8) produced acceptable
resistance levels to depths of only 99 FSW. This work rate can be
sustained only for very short periods of time and is an extreme per-
formance level for any type of diving equipment.

b. Exhalation Characteristics. Exhalation resistance
at 22.5 RMV (Figure 4) and 40.0 RMV (Figure 5) was within mil spec
limits. At 62.5 RMV (Figure 6) and 75.0 RMV (Figure 7) exhalation
pressures were outside mil spec limits but posed no hindrance to diver
performance. Ninety RMV (Figure 8) produced exhalation pressures which
are prohibitive at depths over 99 FSW.

2. Work of Breathing Results. The specification governing
testing of all breathing apparatus cites peak inhalation and peak
exhalation pressures as the standard for evaluation (reference 1).
However, recent research (reference 2) has shown that measurements of
diver's external respiration work in operating his breathing apparatus
yield useful data for evaluating equipment performance. In breathing
apparatus other than open circuit demand, breathing work is probably the
most valid measurement of equipment performance. With open-circuit
demand UBA's, breathing work is supplementary indicator of equipment
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performance. Reference 3 proposes a standard of 0.170 kilogram-meter
per liter ventilation (kg.m/l; liter ventilation is defined as tidal
volume at a given RMV) as the maximum allowable external respiratory
work. This figure is used in this report for comparative purposes only.
Breathing work is defined as the area enclosed by a typical pressure-
volume loop generated during one complete breathing cycle (Figure 2).
This applies to all modes tested in this report.

Breathing work (Figure 9) required for the MK 1 Mod 0O remained low
| at 22,5 and 40 RMV reached a maximum of .15 kg.m/l. At 62.5 RMV breath-
ing work reached the NEDU proposed limit of 0.17 kg.m/1 at 132 FSW.

Work rates at 75 RMV exceeded the proposed standard at 99 FSW and
approached .50 kg.m/1 at 198 FSW. Beyond 99 FSW at 90.0 RMV, breathing
work exceeded levels that would be considered safe in other than
emergency conditions.

3. Sideblock Performance Results. The dynamic pressure drop
across the mask sideblock was measured. Monitoring pressure drop
between the inlet and outlet of the sideblock gave information as to how
2 much affect sideblock pressure loss contributed to breathing resistance.
: By correlating this information with breathing resistance plots, changes
in mask performance can be traced.

Figure 10 is an example of the dynamic pressure drop plots that

{ were made during the test. Pressure losses were low even at 75.0 RMV
(Figure 11) and reached a maximum of 8 psig at 198 FSW. The porting of
the sideblock assembly is adequate to handle any type of diver work rate
without affecting breathing resistance. In addition, as can be seen in
Figure 10 the operation of the non-return valve was not smooth and had
high cracking pressures. NEDU tests of commercial equivalents to the
MK 1 Mod O mask exhibited much smoother non-return valve operation and
show this to be an area which deserves modification.

4. Umbilical Performance Results. To more closely simulate

; actual diving conditions the MK 1 Mod 0 was tested with 400 feet of

3/8" 1.D. U.S. Navy diving hose supplying the breathing gas (air). Over
bottom pressures supplying the umbilical were maintained at 135 psig O/B.
Pressure drop across the umbilical was measured and was found to con-
tribute substantially to reduced mask performance at depths over 66 FSW.

At any RMV over 40 and depths over 99 FSW, pressure drops exceeded
i 20 psig and approached 50 psig at 75 RMV at depths over 165 FSW (Figure 12).

In essence, this reduces driving pressure to the mask by 107 to
b 30%. This is a problem in any diving situation regardless of the type
of life support equipment the diver is wearing. The U.S. Navy is
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currently shifting from 3/8" I.D. to 1/2" I.D. diving hose when using
the MK 1 Mod O mask to help reduce pressure loss and increase flow
capability.

C. MK 1 Mod O Emergency Mode First Stage Comparison Tests
Results

1. Breathing Resistance Tests Results. Breathing resistance
was measured at 5 RMV's to simulate light through extreme diver work
rates. Light work was simulated at 22.5 RMV, moderate work at 40 RMV,
moderately heavy work at 62.5 RMV, heavy work at 75.0 RMV and extreme
work at 90.0 RMV. The mil spec (reference 1) calls for 40 RMV only.

The other RMV's were measured, however, to indicate the full range of
mask performance.

The breathing resistances plotted in the figures are the maximum
values measured excluding cracking pressure, during one complete
inhalation-exhalation cycle at a given depth and RMV. Supply pressure
to the first stage regulator was maintained at 1000 psig while inter-
mediate supply pressures from the first stage to the sideblock emergency
port was set at 135 psig O/B for both regulators tested.

a. Inhalation Characteristics

(1) MK 1 Mod O Mask with Conshelf XII First Stage.
Inhalation resistance was low at 22.5 RMV (Figure 13) and 40.0 RMV
(Figure 14) with the maximum measured being 11 cmH0. At 62.5 RMV
(Figure 15) resistance was within mil spec limits down to 132 FSW.
Below this depth, pressures increased rapidly and exceeded 90 cmH20 at
198 FSW. Seventy-five RMV (Figure 16) produced unacceptable breathing
resistance at depths over 132 FSW and 90 RMV (Figure 17) produced
unacceptable results at depths greater than 66 FSW.

(2) MK 1 Mod 0 Mask with Scubapro MK V First
Stage. Inhalation resistance was low at 22.5 (Figure 18) and 40 RMV
(Figure 19) with breathing pressures reaching a maximum of 15 cmH20 at
198 FSW. At 62.5 RMV (Figure 20) resistance slightly exceeded the mil
spec limit at 132 FSW but increased rapidly at greater depths. Seventy-
five RMV (Figure 21) and 90.0 RMV (Figure 22) produced unacceptable at
depths beyond 99 and 66 FSW respectively.

(3) Comparative Summary. The performance of the
Conshelf XII and Scubapro MK V was essentially the same at 22.5 and
40 RMV. However, the Conshelf XII outperformed the MK V at 62.5 RMV and
higher as evidenced by the performance plots.
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