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ABSTRACT

This study was conducted to establish the requirements for portable
aviation oxygen systems during Army high altitude rescue and medical
evacuation missions, and then to determine the need for additional R&D
efforts by evaluating the potential of currently available system com-
ponents to fulfill the identified requirements. This preliminary report
is a record of USAARL's involvement in the area of Army aviation oxygen
systems to include researching the background to achieve a proper direc-
tion for study, selection of promising systems for altitude chamber eval-
uation, study results, conclusions, and feasible recommendations. It was
found that immediate Army requirements can be satisfied by currently
available military and commercial oxygen system components. Prior to
standardization and procurement action the best qualified system should
be obtained for field testing by three operational rescue units, the re-
sults of which will provide the basis for the final report of this study.
Although minimal R&D effort is required the short term research effort
will be 1imited to modification of prototype components to maximize their
life support potentials while decreasing their ultimate costs.
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PRELIMINARY EVALUATION OF PORTABLE AVIATION OXYGEN SYSTEMS
INTRODUCTION
PROBLEM

In June 1972, the Commanding General, US Army Alaska (USARAL) stated
an urgent requirement for five oxygen systems for use aboard Army heli-
copters involved in high altitude rescue and medical evacuation missions.
In December 1972, OACS Force Development responded to that requirement
with a request to USACDC to develop a statement of Required Operational
Capability (ROC). In April 1973, The Surgeon General tasked the US Army
Aeromedical Research Laboratory zUSAARL) to provide answers to the fol-
lowing questfons concerning the proposed ROC:

1. Will one system or two separate systems be needed to meet the
Army's requirements?

2. Will it be possible to meet the requirement with standard equip-
ment or equipment under development by other services?

3. Will it be possible to meet the requirement with commercial
off-the-shelf equipment?

4. Will an R&D effort be necessary to develop a system in order to
meet the requirement,

BACKGROUND

The Bioengineering and Evaluation Division, USAARL, studied the
USARAL mission and determined that three separate oxygen system require-
ments must be fulfilled:

1. It must be a lightweight, portable, in-flight system capable of
providing adequate oxygen to as many as six aircrewmembers using standard
military masks at altitudes up to 20,000 feet for approximately three hours.

2. It must provide a walk-around system capable of providing adequate
oxygen to an individual rescuer wearing a standard military mask and work-
ing on the ground or in-flight at altitudes up to 20,000 feet for approxi-
mately thirty minutes.

3. It must also include a portable patient therapeutic system compat-
ible with a positive pressure ventilation device and capable of providing
adequate oxygen to a patient on the ground or in-flight for approximately
two hours.




A complete review of the literature pertaining
able portable aviation oxygen systems revealed that
of systems which could possibly fulfill one or more of the above require-
ments. The most promising of these systems was obtained by USAARL and

subjected to careful evaluation, including tests in the Fort Rucker
altitude chamber.

to currently avail-
there are a number

The objectives of this preliminary evaluation were: (1) determine
the capability of each system to fulfill Army requ1rements through assess-
ment of both static and performance characteristics; (2) determine the
relative acceptability of the systems for operational field evaluation
through objective comparison of system characteristics; and (3) determine

the necessity or feasibility of R&D efforts directed toward modification
of available systems or creation of new ones.

METHODS AND MATERIALS
PROCEDURES

The static characteristics of each oxygen system were assessed using
the format exemplified in Appendix I. Performance testing was accomplished
with two volunteers using each in-flight and walk-around oxygen system at
altitudes of 10,000 feet and 20,000 feet in the Fort Rucker altitude cham-
ber following the prc ile shown in Fiqure 1. Each therapeutic oxygen sys-

tem was used by two individuals on the ground and at 10,000 feet in the
altitude chamber.

20 -
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Figure 1. Experimental Flight Profile

Each individual wore the mask compatible with the system under eval-
vation. The mask was modified to allow the inhaled gases to be monitored




by a Sensorlabs IL 404 oxygen alarm, and to allow the exhaled gases to

be directed through a Franz Mueller gas meter. The gasmeter collected
0.6% samples of expired volumes in Mueller bags, beginning at ground

level for therapeutic systems, and at 10,000 feet for the other systems.
Sample collection was continued for three consecutive fifteen minute
periods. Each mask was then disconnected from the oxygen source for one
fifteen minute period at 10,000 feet and for one five minute period at
20,000 feet, in order to provide test control samples. Flow durations

for those systems not exhausted by the end of the sampling period were
calculated from measurements of amounts of oxyagen used and reservoir
capacities. Barometric pressure and temperature readings were recorded
throughout the sampling periods. Mueller meter readings were recorded

for total expired volumes and for five tidal volumes during each sample
period; these values allowed calculation of average tidal volumes and
total respirations. The expired air in the Mueller bags was dried and

the oxygen percentages were determined using a Beckman F2 oxygen analyzer.
Knowledge of the total mask and anatomic dead space allowed calculation of
the relative volumes contributed by true expiratory air and dead space

air according to the following formulae:

T - (Rvpg) = Vg
where:

VT = Total expired volume (dry)

V = Average tidal volume (dry)

Vps = Volume of mask and anatomic dead space (dry)
VE = Volume of true expiratory air (dry)
R = Number of respirations during sample period

Fifteen minute average expiratory oxygen pressures which reflected alveclar
oxygen tensions were then determined using the following formulae:
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Eo, . *Eo, . Pt

where:
TOZ = Percent oxygen concentration in Mueller bag

VD = RV¥pg = Total dead space volume (dry)

%Doz = Percent oxygen concentration in Vv,

%Eoz = Percent oxygen concentration in Vg

PE02 = Pressure of expiratory oxygen

Pe = Pg - 47 = Total pressure of expiratory gases (dry)
DESIGN

Point values for recorded static and performance data were assigned
using the scales contained in Appendix II. The point values were placed
in the evaluation matrix and multiplied by the weighting factors (Appendix
ITI). The weighting factors were determined by a board of three US Army
aviators and two US Army flight surgeons. Total scores were summed for
each system. The greater the weighted evaluation score, the greater the
relative acceptability of the oxygen system for US Army aviation needs.
The perfect system would have a maximum score of 426, while a system
judged unsafe or unable to maintain adequate oxygenation would have been
unacceptable, regardless of its total score.

RESULTS
IN-FLIGHT SYSTEMS

Two in-flight systems were evaluated: one was the prototype Army
high pressure gaseous system described in Appendix IV and the other was
the prototype Air Force chlorate candle oxygen supply system described
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in Appendix V. The high pressure gaseous system was not available at
Fort Rucker, but static and performance characteristics were assessable
using information available in Appendix IV. The total score for the
gaseous system was 310, while the total score for the chlorate candle
supply system combined with torso mounted requlators and MS22001 masks

* was 393,

The chlorate candle system was evaluated with two different torso
mounted regulators: the Air Force CRU-66/A pressure-demand regulator
and the Robertshaw torso mounted diluter-demand regulator described in
Appendix VI. Both regulators delivered adequate amounts of oxygen to the
users, but the CRU-66/A was felt to be unsatisfactory for Army use for the
following reasons: (1) Pressure breathing is not required for flight below
an altitude of 34,000 feet. (2) Regulator function was highly influenced
by regulator orientation and the percent oxygen delivered has been shown
by Air Force tests to vary from 6-80% at flow rates from 1-10 LPM at
10,000 feet. (3) The regulator was not designed for oxygen economy and
consumed oxygen in far greater quantities than those necessary to main-
tain adequate oxygenation. The Robertshaw regulator overcame the objec-
tions to the CRU-66/A, but one of the two reqgulators tested was apparently
out of calibration during the initial tests. The regulators were returned
to the factory for recalibration and installation of an aneroid dilution
control mechanism, following which both regulators were retested and
found to function well.

WALK-ARQUND SYSTEMS

Three walk-around systems were evaluated: one was a high pressure
gaseous system and two were low pressure gaseous systems. The high
pressure system consisted of a 21 cubic foot cylinder, an A-12 diluter-
demand regulator and an MS22001 mask: the total score for the system
was 348. One low pressure system was the current Air Force standard
system consisting of an A-6 cylinder, an A-13 demand regulator and an
MS22001 mask; the total score for the system was 414. The other low
pressure system was assembled at USAARL and is shown in Appendix
VIT; the total score for the system was 423. Although there is a small
difference between the scures of the low pressure systems, it should be
noted that the system with the lower score did not have a dilution cap-
ability and wasted large quantities of oxygen, resulting in flow times
which varied from 16 to 23 minutes. In contrast, the flow times of the
system utilizing the Robertshaw diluter-demand regulator varied from 33
to 35 minutes at 10,000 feet and 45 to 48 minutes at 20,000 feet.

One additional high pressure gaseous system, the Robertshaw-Blume
system, was initially considered for possible service as both an in-
flight and a walk-around system.! The system was felt to be unsatis-
factory for Army aviation use and did not undergo altitude chamber eval-

uation for the following reasons: (1) The system was designed for use




by mountain climbers acclimatized to altitudes in excess of 10,000 feet
and the regulator maintained inspiratory oxygen pressures equivalent to
17,000 - 18,000 feet. (2) The system weight (18.5 1bs) was excessive
for walk-around use.

PATIENT THERAPEUTIC SYSTEMS

One patient therapeutic, low pressure, gaseous oxygen system was
evaluated. The system was comprised of the walk-around oxygen source
described in Appendix VII coupled with the Robertshaw medical demand
valve and mask Model 4201, pressure reducer Model 4202; the total score
for the system was 414,

An Air Force continuous flow 1iquid oxygen (LOX) system was initially
considered for use as a patient therapeutic system. LOX was felt to be
unsatisfactory for Army aviation use and the system did not undergo alti-
tude chamber evaluation for the following reasons: (1) LOX is not avail-
able in the Army. (2) The intermittent requirements for oxygen in Army
aviation would justify neither the procurement of expensive LOX generation
and storage equipment, nor the training of the technicians required to
utilize and maintain such equipment. ?3) LOX would pose an unacceptable
hazard in the Army aviation environment.

Two chlorate candle systems were also initially considered for use
as patient therapeutic systems: one.was the Scott Med-Ox Duo-Pak and
the other was the Air Force CRU-74/P oxygen supply. The major deficiency
of these systems was that continuous flow systems cannot be used to venti-
late an apneic patient without resorting to an AMBU bag type resuscitator.
An AMBU bag was found to maintain alveolar oxygen pressures of approxi-
mately 153 mm Hg at sea level, 81 mm Hg at 10,000 feet and 62 mm Hg at
15,000 feet due to one way inlet valve allowing ambient air dilution.
In addition to maintaining low alveolar oxygen pressures, another short-
coming is the physical effort required to adequately ventilate an apneic
patient for periods in excess of a few minutes. For these reasons, con-
tinuous flow systems were felt to be unsatisfactory for patient thera-
peutic purposes in Army aviation.




Crude CHAMBER EVALUATION
Data
Type System Score Cylinder Regulator Oxygen Mask Remarks
1. IRFLIGHT
1) Prototype USAF Chlorate 393 A-6 USAF CRU-66/A Pressure M 22001 Regulator functions
Candle Low Pressure Demand highly influenced by
AJA 235-1 orientation; poor 0,
ecohomy
2) Prototype USAF Chlgrate 393 A-6 RobertShaw Torso Mount M 22001 Operates any orienta-
Candle Low Pressure Diluter Demand tion; 0, economy
A/A 23S-3
3) Prototype USA High 310 NOT AVAILABLE FOR CHAMBELR TEST Static and performance
Pressure Gas characteristics assessed
by information in
_Appendix IV
_11.  WALK-AROUND
4) High Pressure Gas 348 21 CUFT A-12 Demand Diluter M 22001 High pressure hazard
5) Low Pressure Gas USAF 414 A-6 A-13 Demand M 22001 No diluter capability;
0, wastage
6) Low Pressure Gas, USAARL 421 A-6 RobertShaw Torso Mount M 22001 0, conserving; low
Type Diluter Demand pressure
Bendix FR100 Pressure
Reducer
7) RobertShaw Blume High --- NOT EVALUATED IN CHAMBER System for use by
Pressure acclimatized personnel
only (mountain climbers):
o excess weight
III. PATIENT THERAPEUTIC
3) Low Pressure Gas 414 A-6 RobertShaw Medical RobertShaw Positive pressure venti-
Demand 4201 Mask lation; maintains alve~

9

iiquid Oxygen (LOX)
rontinuous Flow

0

Scott Med-0x Duo-Pack
Chiorate Candle System

11y "IS7F ZRU-74/P Single
“niyrate Candle System

RobertShaw Pressure
Reducer 4202

NOT EVALUATED IN CHAMBER

Continuous flow systems; required AMBU type
resuscitator to ventilate apneic patient

Continuous flow systems; required AMBYU type
resuscitator to ventilate apneic patient

elar 0,; no physical
effort required

LOX not available in
Army; unacceptable
hazard in Army aviation
environment

Inability to maintain
alveolar 0, due to ambu
inlet valve; causes
activation of blow-by
safety valve, this ef-
fect cannot be assessed
externally

Inability to maintain
alveolar 0, due to ambu
inlet valve; causes
activation of blow-by
safety valve; this ef-
fect cannot be assessed
externally

Figure 2. Data Summary




DISCUSSION OF RESULTS

The sodium chlorate candle possesses a number of characteristics
which make it a particularly desirable source of oxygen in the Army
aviation environment. It has been shown to be rugged, highly dependable
and extremely safe. It weighs less than comparable high pressure cylinders,
produces oxygen which easily meets military aviation requirements, and is
economical when mission requirements necessitate intermittent, sudden de-
mands for oxygen. The ease of portability, durability and indefinite
storage 1ife of the chlorate candle make it possible to stockpile candles
anywhere in the world, or to carry extra candles on prolonged missions in
remote areas where there would be no sources of gaseous oxygen or LOX.

The cost per use of the prototype Air Force disposable chlorate candle is
expected to be approximately $30 per manhour, but forthcoming improvements
n reusable candle design and production methods can be expected to reduce
this cost considerably, perhaps to $5.00 per manhour or lower.

The A/A 23S-1 chlorate candle supply system requires only minimal
maintenance which can easily be accomplished by a crew chief using common
tools. The system can also be used to recharge low pressure cylinders.
This feature allows easy compatibility with low pressure walk-around and
patient therapeutic systems. It would, therefore, hbe possible to use
chlorate candles as the only source of breathing oxygen in Army aviation.
A typical high altitude rescue mission could then be envisioned in which
a loaded, portable, chlorate candle supply system is placed aboard a heli-
copter upon receipt of the mission. The system is used in-flight by both
aircrewmembers and rescuers, Walk-around cylinders are charged from the
system while en route to the rescue site. Rescuers connect to the walk-
around cylinders on site and use them until they are empty, at which time
they reconnect to the in-flight system where they remain until the walk-
around cylinders are recharged, or until supplemental oxygen is no longer
required. Meanwhile the patient uses oxygen from a waik-around source
until the cylinder is empty, and is then connected to the in-flight system.

In the type of operation envisioned above, the advantages of the
torso mounted requlator over the panel mounted variety inciude smaller
size and weight, portability, cost and convenience. Like the chlorate
candle, the torso mounted regulator is rugged and dependable.

The MS22001 mask was used in all tests of in-flight and walk-
around systems. This mask has several design features which make it
relatively undesirable. The inhalation valves are very prone to stick
in the open position, or to become unseated from the silicone rubber face
piece. When either of these situations occurs with one or both valves,
exhalation becomes impossible. The presence of two inhalation valves




doubles the probability of such occurrences. When the mask is used under
conditions in which perspiration or water Vapor condensation can collect
in the mask, the dependent position of the exhalation valve leads to
liquid pooling in and around the valve and consequent sticking. Also,

the band across the upper 1ip becomes very uncomfortable with prolonged
wearing of the mask. The standard Air Force MBU-5/P pressure demand mask
overcomes all of the above objections to the MS22001 with the exception of
moisture pooling around the dependent valve, Appendix III.

The Robertshaw medical demand valve and mask had several advan-
tages over the alternative AMBU bag type resuscitator, including main-
tenance of higher oxygen pressure in the patient's lungs, relative
simplicity of design, smaller size and weight, and ease of operation.

The Robertshaw demand valve can also be adapted to the orifice of either
an endotracheal tube or a tracheostmy canula. One relative disadvantage
is that an inexperienced medical corpsman could produce over inflation
and/or pressure damage to the lung parenchyma with the cutoff pressure
of 40mm Hg. Modification of the AMBU bag inlet valve to prevent dilution
effects would be an alternative solution.

CONCLUSIONS
The following conclusions resulted from this study:

1. Immediate Army requirements for portable aviation oxygen systems
can be satisfied by procurement of currently available commercial and
military system components.

2. The best available in-flight system is the prototype Air Force
A/A 235-1 oxygen supply system with Robertshaw torso-mounted diluter-
demand requlators and Air Force MBU-5/P pressure demand masks.

3. The best available walk-around system is the A-6 low pressure
cylinder with a Bendix FR 100 pressure reducer and the same regulator
and mask used with the in-flight system.

4. The best available patient therapeutic system is the Robertshaw
demand valve and mask connected to either the low pressure walk-around
source or the in-flight supply system.

5. R&D efforts are not absolutely necessary, but are especially
desirable in three areas:

(a) Modification of the chlorate candle supply system to make it
adaptable to other afrcraft in the Army inventory.




(b) Decreasing the cost of the chlorate candle through improvement
in design and in production methods.

(c) Modification of the demand oxygen mask for aircrewmembers to
improve fit and comfort and to eliminate the dependent position of the valve.

RECOMMENDATIONS

In view of the evaluation results and conclusions, the Bioengineering
and Evaluation Division, USAARL proposes the following actions and recom-
mendations:

1. Procurement of three prototype Air Force A/A 235-1 oxygen supply
systems, 240 chiorate candles, 24 Robertshaw torso-mounted diluter-demand
regulators, 12 Tow pressure walk-around sources described in Appendix VI
6 Robertshaw medical demand valve and mask assemblies and 24 MBU-5/P
pressure-demand oxygen masks.

2. Placement of one complete set of equipment to inciude one
A/A 235-1 system, 80 chlorate candles, 8 Robertshaw regulators,
4 walk-around sources, 2 medical demand valve and mask assemblies and
8 MBU-5/P masks at each of three field sites for completion of the field
evaluation portion of this study. Suggested sites for such field eval-
uations are Fort Greely, Alaska; Fort Carson, Colorado; and Fort Lewis,
Washington.

3. Stipulation in the USAARL procurement contract for the A/A
23S-1 systems that the following minor modifications be inciuded:

{a) The system must be made compatible with forthcoming reusable
candles.

(b) The system must include a provision for a remote control panel.

(c) The system must include a pressure reducer at the outlet to
insure a delivery pressure of 70 psi.

(d) The system must be capable of restraint and operation while on
its side.

4. Devei.pment of USAARL monitored Army contracts with MSA Research
Corporation, the designer and manufacturer of the A/A 235-1 system, to
speed development of lower cost chlorate candles and new supply systems,
perhaps of modular design, which will be adaptable to all Army aircraft

and suitable for permanent instaliation on all aircraft primarily used for
aeromedical evacuation.
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5. Development of USAARL monitored Army contracts to improve the
demand oxygen mask by placing a combination inhalation-exhalation valve
in a nondependent postion on a low weight, Tow profile, well fitting mask.

Although the costs of procurement of the above equipment and of funding
short term development efforts can be expected to approach $250,000, per-
spective should be maintained by considering the fact that the loss of just
one UH-1 helicopter and its crew of four due to preventable aircrewmember
hypoxia would cost considerably more than this sum. It should also be
noted that immediate field requirements for mission essential oxygen equip-
ment will be satisfied by approval of the recommended field evaluations.

n
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APPENDIX 1
OXYGEN SYSTEM CHARACTERISTICS
DATA SHEET [

1. System Number
2, Components

a. Reservoir

(1) Type

(2) Description

(3) Manufacturer

(4) FSN

b. Regulator
(1) Type

(2) Description

(3) Manufacturer

(4) FSN

c. Mask
(1) Type

(2) Description

(3) Manufacturer

(4) FSN

3. System Characteristics

a. Purpose

b. Number Aircrewmen Supported

13




c. Weight

(1) trpty o __,,m>‘:,,,__;i‘,#u,w.,"J.,______~ﬁ~_.““Jl’
(2y 1'1llcd I L1
d. Dimensions R £

e. Vulnerability and Potential Hazard in Army BEnvironment

(1) Minimal

(2) Moderate . o I
(3) Unsafe L . o

Explain

f. Ease of Maintcnance
(1) Maintenance Site

(a) Unit

(b) Other

(2) Training Requircment
(a) < 1 day

(h) =1 day

¢. Charged Storage Life

(a) Minimal (- 1 week)

(b)  Moderate (1-52 wecks)

(c) INDEE (> 52 weoks)

Cost Pactors
a. Acquisition Costs

(1) Reservoir S

14



(2)
(3)

Regulater
Mask
TOTAL

b. Use Costs
(1)
(2)
()
TOTAL

Oxygen
Repulater

Mash

c. Maintenarce (Costs

(1) Tools
(2)
(3)
TOTAL

Training

Other

< T
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APPINDIX 11

POINT SCALES TOR CRUDE DATA

Characteristic Nata:

a. Vulnerability and potential hacard

(1) Minimal

(2) Moderate

(3) Unsafe

b. Weight (filled) per Crewman
(1) <15 1bs

(2) 15-25 1bs

(3) > 25 1bs

c. A-13 or AMBU Compatibility
(1) <Compatible

(2) Incompatible

d. Number Crewmen Supported
(1) Meects Specification

(2) DNoes not meet specification
e. Dimensions

(1) Minimum

(2) Maximum

f. Maintcnance Cost

(1) Minirum

(2) Maximm

16
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Characteristic Data: Points

g. Cost pcr lse per Crewman

(1} Minimun Z

(2} Maximaon 1

h. Acquisition Cost per Croewmm

(1) Minimum 2

(2) Maximum 1

i. Maintenance Site

(1) Unit 2

(2) Elsewhere 1

j. Training Required for Maintcenance

(1) <1 day 2

(2) > 1 day 1

k. Storage Life

(1) > 52 weeks 3

(2) 1-52 weeks 2

(3) < 1 Week 1
TI. Perfonnance Data

a. Adcquatc Py, at altitude

(1) Mects specification 3

(2) Docs not meet specification 0

b. Too hcavy

(1) No 2

(2)  Yes 1

17




C.
(1)
(2)
d.
(1)
()
e.
(1)
(2)

(1)
(2)

1)
(2)
h.

1)
2

Flow Tin~

Meets specification

Docs not mecet specificotion

Sinple operation
Yes
No
Limits activity
No
Yes
Too bulky
NG
Yes
Nexious odar
No
Yes
Noxious taste
.

0O

Yes

18
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APPENDIX IV

DEPARTMENT OF THE ARMY

2220 AVIATION BATTALION
APO SEUATTI L 9B 7 v

ARDSL 30 August 1972

SUBJECT: Helicopter Oxygen System

THRU: Commanding (General
United States Army, Aluska
ATTN: ARACGL-M (LTC Ruskauffl)
APO Seattle 987.9

TO: AMC Project Office
Life Support Equipment
United States Army Material Command
ATTN: AMCPO-LSE (A.B.C. Duvis)
P.0. Box 209
St. Louls, Miseouri 63141

1. Amy aviation assets in USARAL have lony been utilized in search and
rescue work throupghout the state of Alaska. Due bto the type of terrain
found here, many of these misslions are performed by helicopters above
14,000 fest MSL, requiring oxygen. As a result, u portable oxygen system
wes constructed within the 222d Aviation Battalion for this purpose.

2. The system is basically the same as that found in the U-21A (Inclosure
2),only it is condensed into a portable unit which can be moved from type
helicopters as necessary, i.e., UH-1, CH-47 and CII-54.

3o In July 1972, the system was tested {rom gound to 20,000 feet and per-
formed flawlessly. Shortly thereafter, this oxypen system was utilized
in an actunl rescue at 16,000 feet and apuin with complete success.

4. With the success of the portable oxygen system, it is requested that
this system be made avallable through Army scupply channels under one FSN
for units enpuged in high altitude helicopter oper:ations.

5. This sycztem welighs 148 pounds, it is 40" high, 30" wide and 113" deep.
Two (2) 64 CI' cyls, charged to 1800 PSI, provide oxygen to a pressure re-
durer which redices the preasure from 1300 PSI to a constant 400 PSI to
Lhe. demand remuators. Shutoff valves und pressure guuges are placed in

20




ARDSL 3G Aupust 1972
SUBJECT: Helicopter Oxygen Systcm

areas of preasure chunpgs for monilorluy and Lo onabio compiebe or partial
shutdown of the system should un emerygency urise. Oylinders are removed
for recharging and extra charged cylinders are on hand. Provisions for
recharging a walk-around botbtle are aulso incorporated in this system and
‘an be used while the system is in opcration ovr ntatlic.

6. A second oxygen system is under construction by Uhic unit and will
remain basically the same except that tLhe overall dimencions will be a
f~w inches smaller and provisions to recharie cylinders in the box will
bc made, glving two methods for recharging.

7. Inclosed is a complete dliscription of the Portuble Oxypren System,

.. NASH

3 Incl “TERALD
1. Pictures (4) (Deleted) CW3, AVN

2. Diapram, parts Acft Muint Officer
3. Diagram, operating
instructions
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PORTABLE OXYGEN SYSTEM
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\L:
Box constructed of 5/8" piywood
Gauge

Slow Open Valve

Pressure Reducer (1800 in 400 const out)

Filler Valve

Demand (auto) Flow Regulator

—E=

1. 8120-122-8988 Cyl, Oxy Z2ea

2. 1660-993-5468 Valve, slow
open 2ea (come with gauge)

3. 1660-880-3168 Valve, pressure
reducer lea

4. 1660-932-5169 Valve, slow
open dea

5, 6680-995-1323 Gauge lea

6. 1660-856-0273 Requlator,
demand 4dea

7. 1560-089-5847 Bracket 4ea

8. 4730-722-1369 Adapter 2ea

ADDITIONAL ITEMS to support
system

8030-889-3534 Tape(as required)

6850-621-1819 Leak detection
compound (as required)

4720-781-6768 Hose assy Oxy 24"
(as required)

1660-787-8437 Hose assy Oxy 14"
(as required)

1660-810-7351 Hose assy Oxy 4dea
Fittings are required to connect
system
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. open valve#l, check for leaks
. open valver2, check for leaks

. to shut off system for short

. to shut off system for long

PORTABLE OXYGEN SYSTEM

=

& 1©

To Operate System

open valve#3, check for leaks
move off/or switchs5 to on

to charge walk-around bottle
open valve=4, after charge,
close valve

duration, move off,con switch#5
to off

duration or removal from aijr-
craft, close valve#l drain re-
mainder of system, close remain-
ing valves.

NI

Hx@m@o

Gauge
Slow Open Valve
Pressure Reducer (I800 in 400 const out)

Filler Valve

Demand (auto) flow Regulator

High Pressure

Low Pressure




APPENDIX V

CHARACTERISTICS OF A/A23S-1 CHEMICAL OXYGEN SYSTEM

Introduction

The A/A235-1 Chemical Oxygen System is cur-
rently underqgoing final reliability testing and final
environmental testing. Both programs are nearly complete
and the system is operating as required.

Twelve chlorate candles are attached to a man-
ifold which serves as the structural backbone of the system,
Oxygen from the candles is stored in two non-shatterable
bottles, from which it is delivered to the crew on demand.

A total of 3030 liters is available from the 12 candles
at the normal supply rate of 16.85 1pm: the system will
automatically meet a demand up to 49.5 lpm. Above the

latter flow, manual firing of candles would be expected.

Operation is completely automatic, a candle be-
ing actuated when pressure in the system drops to 85 psig.
Candles can be manually actuated at any time without up-
setting subsequent automatic operation. A light status
board indicates number of candles ready for use and gives
an internal-check on firing mechanism continuity.

The entire system is contained in an alum. box
which supports the system for installation in the aircraft
and also serves as a housing to direct air flow from two
fans through the candle compartment and out a filter on
the top. Reaction heat of the candles is removed to main-
tain acceptable touch temperature on the box exterior.

The unit uses aircraft 28 V DC power (~120 watts peak) and
feceds oxygen to the aircraft oxygen distribution system.

Candles are replaced with little effort, being
attached to tLhe manifold by quick disconnects. The actu-
atiun circuit is attached to the top of the candle housing
by a bayonet fastener,

General System Characteristics

System criteria are shown in the attached cri-
teria. These criteria have been met by testing.

24




Reliability

The reliability program is just being completed.
It consists of two parts - 2064 actuations without failure
to exercise the actuation/control system, and 192 candle
firings. The actuations have been completed without fail-
ure and we are presently at 120 candles without failure.
In addition to the candle firing, pressurization time and
total oxygen delivery must meet reliability requirements.

Given successful completion of the remainder of
the candle firings, this will demonstrate a system reliability
of 75 hours of operation mean time between failures at
the 90% confidence level.

Storability of Candles

The candles may be stored for a minimum of 10 years
without deterioration. We have tested chlorate candles pack-
aged in a similar fashion after 20 years storage and oper-
ation was as originally specified. It is desirable that
atmosphere be excluded from the candle proper for best re-
sults - this is a function of slight water absorption by the
candles. There is no deterioration otherwise.

Maintenance Required .

Twelve candles can be replaced within 30 minutes,
making the system again ready for operation.

A dryer is used to attain the required
moisture level. This has a removable element which can be
regenerated by heating, or discarded since it is a pre-pack-
aged unit. Approximately 15 minutes is required to replace
the element. A suggested replacement cycle is once every
120 candles.

Blowers are aircraft type with the same type of
maintenance care. They can be replaced easily, if required.
Two filters for the inlet and outlet air prevent undue dust
contamination of the system. These can be cleaned by washing
with water and then be reinstalled.

Other maintenance is that associated with any
oxygen system that is used rcpcatedly. Leak testing should
be performed occasionally and it may be necessary to replace
O-rings at wide intervals.
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Operating Instructions

The system requires no attention to maintain
oxygen pressure within the storage bottles. If the
pressure is over 85 psig, candles will not fire auto-
matically. A candle can be fired manually at any time
irrespective of system pressure or point in the automatic
cycle. The system can be set for automatic or completely
manual operation.

Installation of the system in the aircraft re-
quires that the holddown straps be attached to cargo rings
or similar points, that the oxygen line be connected and
that the power plug be connected to the aircraft 28 volt
source,

As the oxygen is breathed from the system, the
pressure will drop. At 85 psig a candle will be fired.
[f the pressure continues to drop another candle will fire
at 65 psig and a 30 second time delay is actuated. If
the pressure rises above 065 psig within the 30 seconds,
another candle is not fired - if the pressure does not
reach 65 psig within 30 seconds, another candle is fired
and another 30-second cycle is started. This feature is
built into the system to accommodate high oxygen use rates
and permit some time for the oxygen pressure to rise.

Initially then, the system can be pressurized
with cylinder oxygen to grcater than 85 psig to prevent
firing the candle. Otherwise, when the system is put on
automatic cycle a candle will fire to bring the pressure
above that point. A relief valve is set to vent if the
system pressure should exceed 450 psig.

Operation of the system is monitored by the dis-
play panel. Twelve lights correspond to the 12 candles.
When a candle is availablc for use, its indicator light is
on. If circuit continuity is missing so that the candle
cannot be fired, or if the candle has been fired, the light
is off. (An indicator light also shows when the system is
on automatic.) In order to fire a candle manually, a lift
snap action switch is opcrated and a red "reset" light ap-
pears. The reset switch must be actuated before another
candle can be fired manually, although the system will con-
tinue to operate in the automatic mode (assuming it was on
automatic mode at the time of the manual firing). This
reset fcature prevents rapid triggering of candles manually
and forces the operator to consider before firing another.
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The system is arranged so that the fans turn on
automatically when the first candle is fired but remain
on until power is interrupted to the system. Blower power
is indicated by two press-to-test lights, one for each
blower. OBlower fuses are installed on the panel board for
easy access, as is the main power fuse.

An oxygen pressure gage is installed on the top
surface. An oxygen fill line is also available to fil1
the system or to obtain oxygen from the system if desired.

Candles are replaced in the system by removing
four friction pins and l1ifting the system from its box.
The 11d over the candles is removed by loosening four Dzus
fasteners with a screwdriver, exposing the tops of the
candle array. Bayonet electrical fasteners are removed
and a screwdriver is used to loosen worm screws on bands
that hold the candles in place, The candles are then re-
moved by breaking the quick disconnect at the bottom of
each candle. Charging is the reverse of this procedure.

When the dryer is removed for servicing the

bleed valve should be actuated to reduce pressure in the
system to ambient.
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Design Characteristics

Crewmen

Time, Normal Mode
0, Supply Source
02 Supply, Total

0, Supply Rates

Normal Mode
Emergency Mode

Unit Weight

Empty
Full (12 candles)

Dimensions, Overall

Oxygen Generator

Size
Height

Oxygen Purity

Total HC
Particulates
Fibers
Moisture
Total Solids

Storage Tank

Relief Valve

Ignition

Spent Candle Indication

Seven

3 hr

NaC103 Type Candles
3030 liters

16.85 1pm
49.5 1pm

86 1b
146 1b

24 in. high, 18 in. wide,
25 in. long

3 in. 0D x 14.7 in. long
5 1b each
per MIL-E-83252

<0.2 ppm

<15 ppm

<1000 ppm

<0.5%

<100 microns

<40 x 600 microns
<0.02 mg/liter

<] mg/liter

Non-shatterable type
Store 02 from one candle

450-500 psig

Electrical, automatic, se-
quential with manual override

Thermal and light board
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Operating Conditions

Pressures

Minimum
Maximum

Temperatures
0, Outlet Temperature

Leakage

Environmental Conditions

Temperature
Relative Humidity
Atmosphere Exposure
Particles

Vibration

Shock

.

Temperature of Exposed
Parts

02 Purit_y

0, Temperature

Haintainability

Reliability

Pover Supply

50 psig
450 psig

-65°F to 120°F
60°F above ambient max.

Disconnects less than
0.01 liter/min

-65°F to +160°F
95°F

Salt-laden moisture
Sand and dust

Per MIL 8108

A )

Per MIL 8108

Less than 60°F above ambient
Per MIL-E-83252 except
moisture to be no more

than 0.02 mg/liter

60°F maximum above ambient
(normal mode)

30 min downtime, each task

MTBF not less than 75 hours
@ 90% confidence level

28 vV DC
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APPENDIX VI

July 2, 1973 909-01z-176

REGULATOR, OXYGEN, DILUTER DEMAND
CHEST MOUNTED

P/N 900-002-134

ROBERTSHAW CONTROLS COMPANY
Aeronautical and Instrument Division
Anaheim, California
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SANTA AMA FUEEWAY AT EUCUID » ANANEIM CALIF NUMBER 909 012-176

IYRODICTION

The regulator described herein is a diluter-demand regulator intended to ce
man mounted. The unit, with the addition of pressure breathing, is fully
qualified to Lockheed Specification ‘;23556 and has been in service on the S-3£
aircraft since early 1972,

RECULATOR ASSEMELY

The subject regulator is a diluter-demand type designed for torso mounting.
The regulator has two modes of operation and a manual means to select the
desired mode. In the "Mormal'' mode the regulator provides air dilution and
demand operation. In the "Emergency' 'mode the regulator provides 1007
oxygen and safety pressure, The regulator contains a means to close the air
port upon loss of oxygen supply and thus provide user warning ty restricting
all flow from the regulator. The regulator also has a relief valve to prevent
pressure buildup at the cutlet and is designed to operate with a supplv pressure
in the range ' of 40 to 170 psig.

The major components of the regulator assembly conrist of the oxygen regu
lator, dilution system, relief valve, and a knob for manually selecting either
normal or emergency operation. A system schematic of the proposed assembls
is shown in Figure 1.

Oxygen Regulator
The oxypen regulator consists of a main valve (1), pilot valve {7), sensing

diaphragm (3) and dome (4). The main valve concists of a stem and diapl.ra;n

35




Air
Ai
Air Inlet - ﬁ/ / ’
Check ) %
Yalve (16) - 1
o Il o
o |l o
-0 il o
]
é Homma
° o
[+] Q
o j o
iiL_al
"N

.Page 2
909-012-176

Programming Aneroid(13)

Inlet Valve {17)

Air Valve Actuator (18)

Restrictor (9)

S

Bleed Valve g

Oxygen l

Reference
Pressure
Selector

Pin (14)

Clsl7

(

Bl/eed Valve(8) ﬂ-‘————J'\\

Valve (7)

\—Ambient

Ambient
N\
o

Manual
Selector Knob (12)

e Emergency
Pressure Valve

Dome (4) —/

Sensing Diaphragm (3)

Sensing Line (5)

oS | T3

RN

. _—Pilot Valve {2)

3 Main Valve
- h“'{é—— Control
r—f 1o

— Chamber ({)
% 1]

=

: |

Injector (15)

FIG.-1

SCHEMATIC, SYS}?M - MILIT

"! Oxygen Inlet
j Supply
/ Sl \ Relief Valve(s

Regulator Outlet

ARY

DILUTER




AIRONAUTICAL AND WITAUMENT DIVISION

WW a | ROBERTSHAW CONTROLS COMPANY racE 3

""" 909-017-176

SANTA ANA FREEWAY AT EUCLID + ANANEIM CALIS NUMBER

with a restricted passage connecting both sides of the diaphragm. With the pilot
valve closed the pressure on both sides of the diaphragm is supply pressure and
the valve is held closed., When flow is demanded from the regulator the suction
occurring at the regulator outlet is communicated to the pilot valve chamber by
the sensing line (5). This lowering of pressure causes the sensing diaphragm (3)
to move in a direction to unseat the paddle and open the pilot valve {7}, When
flow is initiated through the pilot valve the pressure in the control chamber (6)
decays so as to open the main valve (1). The flow will thus be controlled such
that the suction at the regulator outlet will be within prescribed limits, When
demand ceases the pilot valve and main valve will close.

Positive Pressure

The positive pressure system consists of a reference pressure selector
valve (7), oxygen bleed valve (8), restrictor {(9) and emergency pressure
valve (10), During normal operation the oxygen bleed valve (8) is closed and
the pressure exerted on the reference pressure selector.valve {") is equal to
supply pressure which holds the valve open so that the passage to the regulator
dome (4) is opened to ambient, The regulatur thus acts as a demand regulator
which requires a suction at the outlet to initiate [low, Moving the manual
selector knob {12) tu the "Emergency' position opens the oxyyen Lleed valve (£),
The flow from this valve is controlled by restrictor {9) which i= preset to a
range of approxiniately 0.1 to 0.4 LF'M. Opening of the bleed valve (&) causes
the pressure acting on the reference pressure =clector valve (4) to decay and
the spring therefore moves the valve to a closed position which seals off the

amlient reference to the dome {4)., The bleed will thus be channeted into the
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dome (4) and past emergency pressure valve {10}, This valve is spring loaded to
hold a pressure in the dome (4) of approximately one inch of water. This dome
pressure will act against the sensing diaphragm (3} to open the regulator until
the output pressure is increased to an equivalent level, thus providing the safety
rrecsure function.

With the manual selector knob (12) in the "IMormal® position the oxygen
bleed valve (8) will be opened automatically between .5, 000 and 30, 000 ft, by
the air programming aneroid (13) acting against the bleed vaive pin (14). This
action provides a positive outlet pressure in the san:~ manner as described above.

Air Cilution System

The air dilution system consists of an injector (1%}, air intake and altitude
programming sections. The injector (15) consists «f a spring loaded poppet and
seat situated immediately down stream of the main valve. The injector (15)
causes the oxygen to form a high velocity jet which in turn indices airflow
through the intake system by venturi action. In the 100% ‘mode the poppet opens
sufficiently to permit full flow from the main valve.

The air intake system contains an inlet check valve /161 and an air inlet
valve (17). The check valve is spring loaded to the closed position. The spring
force is calit rated against the crackiny pressure level required to induce oxype
flow from the regulator so that proper proportioning of air and oxynen is provided

at low flows, 7The air propramming aneroid {13! cs sivelv clotes the air

inlet valve (1 ) as altitude is increased thus providing an increacsing air errichn ent.
The air prooramming sy-tem also contains a piiton which is called the

air valve actvator {18 V'hen the oxvven leed valve (7Y ir closed, this piston ir
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acted upon ty supply pressure so as to allow the air inlet valve (17) to be
positioned by the air programming aneroid (13), Vhen the oxygen bleed valve (8)
is opened either manually by the manual selector knob (12) or automatically by
the action of the air programming aneroid (13) against the bleed valve pin (14),
the pressure downstream of the restrictor (9) decays and a spring moves the air
valve actuator (18) to contact a shoulder on the air inlet valve shaft (17} and move
it to a closed position. This action produces 100% oxygen operation simultaneously
with the safety pressure described above. This same actuator closes the air inlet
valve (17) upon loss of oxygen supply pressure.
Relief Valve

A relief valve (19) is located in the outlet section of the regulator. It is
capable of venting a minimum of 75 LPM at a pressure no greater than 22 inches
of water. L.eakage of this valve is less than .0l LLPM at a pressure of 17 inches
of water.
DESIGN FEATIRES
Performance

The regulator meets the performance requirements of Lockheed
Specification 423556,
Reliability

The design is based on proven concepts utilizing components and techniques
which bave Leen proven reliable by past experien e,
Oxy pen Consumption

Conservation of ox—ren :upplies is assured hy two revulator characteristics.

(voeir the atsence of oxyren ileed during * ['ormal' operation, The bleed svsten:
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is actuated only when necessary to produce positive nressure operation, thus
there i8 no oxvren loss during standby.

The regulator also features an efficient injector system which minimi~es
oxygen consumption during "MNormal'’ operation. Consumption rates of a typical

regulator are as follows:

Altitude 1 Consumption Rate ‘
1,000 Ft, Liters I'er Four Per Man*® |
10 150
15 170
20 135
25 120
30 130

*Based on Breathing Rate of 15 LPM ETPS
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APPENDIX VIII

T.0. 15X5-4-4-12

OXYGEN MASK
/P Ns 43081, w2,
-hd, uor oad,
-

oLl n,‘_'

BAYONET
o~ P/N 345-100L

BAYONET
P/N 343-110R

RECEIVER ASSY
PN 345-301

Figure 1-1. Pressure Demand Breathing Oxvizen Mask, Type MBU-5 P, and Accessories (sheet 1 of 5)
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