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YOUR OXYGEN SUPPLY
AND EQUIPMENT

42,000 FEET
Full efficiency is possible only
with pressure-demand system or
pressurized cabin.

35,000 FEET
Full efficiency is still retained
with the demand oxygen system.

25,000 FEET
Unconsciousness and death re-
ward carel at this altitud

b\

20,000 FEET

Greatest danger is between 10,-
000 and 20,000 feet. Anoxia
sneaks up like a Jap in a jungle.

AT
NIGHT
USE
OXYGEN
FROM
THE
GROUND

10,000 FEET
ON Daytime efficiency is not much
affected. Night vision is sub-
DAYLIGHT normal without oxygen.
FLIGHTS

START USING y
OXYGEN o : : : . g
HERE ‘

Figure 1-1. Basic Rules for the Use of Oxygen
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Section |
Paragraph 1-1 to 1-17

SECTION |
GENERAL INFORMATION

1-1. WHEN AND WHERE TO USE OXYGEN.

1-2. Oxygen equipment is installed in aircraft for your
safety and welfare as a flyer, and in order to help you
do the best possible job. The records of accidents,
deaths, and aborted missions show that trouble often
develops from failure of personnel to make the proper
use of oxygen equipment when and where it is needed.
For this reason your particular attention is called to
the following basic rules:

Always use oxygen at and above 10,000 feet.
Always use oxygen between 8,000 and 10,000
feet when you expect to maintain this altitude
for 4 bours or more.

Always use oxygen at night on all combat
missions at all altitudes from the ground up.
On all other night missions, use oxygen from

the ground up, whenever equipment is avail-
able. %

1-3. WHAT THIS BOOK CONTAINS.

1-4. In this Handbook you will find basic information
on the use, operation, servicing, inspection, and main-
tenance of airplane oxygen systems.

1-5. Sections I through VI are addressed to all who
are concerned with oxygen equipment in any way, but
mainly to you who use oxygen in flight. These sections
discuss the need for oxygen, and tell how it is used
to prevent anoxia, the bends, and the chokes. They
describe the basic types of oxygen installation and
equipment, and give data for estimating the duration
of an oxygen supply.

1-6. Sections VII through X are addressed chiefly to
maintenance and inspection personnel, and to Personal
Equipment Officers. They tell how to service, inspect,
and maintain oxygen systems.

1-7. The Appendix lists important items of oxygen
equipment and related materials, together with their
part numbers and stock numbers. This helps in req-
uisitioning items from various property classes as re-
quired for maintenance, repair, and replacement.

1-8. WHERE TO FIND RELATED INFORMATION.
1-9. TECHNICAL ORDERS. You can find detailed

information and instructions about individual compo-
nents of oxygen systems in Technical Orders of the 03-
50 series. These are listed in T.O. No. 00-1, the Index
of AAF Technical Publications. Certain Technical
Orders are also listed in the Appendix of this Hand-
book, in connection with the particular items of equip-
ment to which they apply. T.O. No. 30-105-1, Your
Body in Flight, is of special interest and importance to
all flying personnel.

1-10. SPECIFICATIONS. AAF Specification No. 40363

covers installation of low-pressure oxygen equipment.
It includes a complete list of detail specifications.

1-11. MAINTENANCE INSTRUCTION CHARTS.
AAF Maintenance Instruction Charts are illustrated
posters. Those in series C-03-50, listed in T.O. No. 00-1,
are concerned with oxygen equipment. They can be
requested on AAF Form No. 104-B, as prescribed in
T.O. No. 00-5-2.

1-12. WD TECHNICAL MANUAL. TM 1-424, Air-
craft Hardware and Materials.

1-13. AAF MANUALS.

AAF Manual No. 25-2, Physiology of Flight.

AAF Manual No. 34, Notes on the Use of Oxygen
Equipment for Fighter Pilots and P. R. U.

AAF Manual No. 35, Notes on the Use of Oxygen
Equipment for Air Crews.

AAF Manual No. 55-0-1, Reference Manual for Per-
sonal Equipment Officers.

1-14. TRAINING FILMS.

TF 1-313, Physiology of High-Altitude Flying, 16 mm.,
sound.

TF 1-3308, Use of Oxygen in Aviation, 16 mm., sound,
color.

1-15. WHY YOU NEED OXYGEN.

1-16. THE BURNING OF FUEL. The human body
and the airplane engine both get their power from the
burning of fuel. Whether the fuel is gasoline as in
the engine, or food substances as in the body, it will
not burn without oxygen. Both the engine and the
body normally get their oxygen from the air, but at
altitudes some distance from the earth’s surface, the
air is too thin to provide enough oxygen either for
the airplane or for the flyer. The air must be either
compressed as by an airplane supercharger, or enrich-
ed with extra oxygen as by an aircraft oxygen system.
It is by only one of these methods, or by a combina-
tion of them, that either the airplane or the flyer can
operate effectively at high altitude.

1-17. OXYGEN REQUIREMENTS AT LOW ALTI-
TUDE. You are more sensitive to the lack of oxygen
than is your airplane. You need to have your blood
loaded at all times to about 95 percent of its oxygen
carrying capacity. The more active you are, the more
oxygen you nced, but at ground level the pressure of
the atmosphere is enough to keep your blood almost
fully loaded with oxygen no matter how much you
may require. As you go up, however, the atmospheric
pressure gets lower and lower, and your blood loses
more and more of its oxygen load. (See figure 1-2.)
When you reach 10,000 feet, the pressure of the at-
mosphere around you is only about two-thirds of what
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— 45,000

—— 40,000

— 35,000

— 30,000

oK

_FOR e
ROUTINE ~ PERIODS
OPERATION : =

Altitude

OXYGEN

SATURATION
Symptoms at
Various Oxygen
Saturations
A V' N A
UNDETECTABLE UNDUE ERRORS OF SERIOUS
ANOXIA FATIGUE JUDGMENT HANDICAP

The relation between altitude and blood oxygen saturation is shown for the fiyer without oxygen equipment (curve 1); with the
demand system (curve 2); and with the pressure demand system (curve 3). Curves 2 and 3 are based on the assumption that no mask
leakage occurs. A special advantage of pressure-breathing is that it completely eliminates the chance of inboard mask leaks.

Figure 1-2. How Oxygen Equipment Raises Your Ceiling
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it was at sea level, and your blood is carrying only
about 90 percent of its full load. This will considerably
reduce your ability to see at night, but unless you stay
at this altitude for several hours or engage in stren-
uous activity, you can still function efficiently in other
respects. Up to 10,000 feet, your oxygen intake system
will adjust itself fairly well to its atmospheric environ-
ment.

1-18. 10,000 FEET, GOING UP. As you go from a
pressure altitude of 10,000 feet to one of 20,000 feet,
the ambient pressure (that is, the pressure of the sur-
rounding atmosphere) falls to less than half its sea-
level value. As this happens, the oxygen load of your
blood falls from 90 percent to about 65 percent. Un-
fortunately, your body has no “warning system” to
signal that it is not getting enough oxygen. On the
contrary, you may even feel better than usual, despite
the dimming and narrowing of your vision, the partial
loss of control over your muscles, and the impairment
of your ability to think clearly. This condition of
oxygen starvation is technically called “ANOXIA.”

Mild anoxia causes poor night vision, extreme fatigue,
foggy thinking, poor coordination, and occasionally
headache or emotional disturbances. The time to avoid
anoxia is before you get it. The way to avoid it is by
following the rules stated in paragraph 1-2.

1-19. 20,000 FEET AND ABOVE. At the indicated
altitude of 20,000 feet, most flyers would stay con-
scious without oxygen equipment for perhaps 30 min-
utes. During this period they would become anoxic
and incapable of performing their duties. At 25,000
feet one may “pass out” (lose consciousness) in as
short a time as 3 minutes; at 30,000 feet, it may hap-
pen in 1 minute or less. Death may follow very quick-
ly, and the unconsciousness which precedes death makes
it impossible for one to help himself.

1-20. EXAMPLE OF ANOXIA. One of numerous
reports from the European theater ‘demonstrates the
speed with which anoxia can strike. At 25,000 feet,
the pilot called the tail gunner on the interphone and
got no answer. He continued the ascent, and sent the
navigator back to see what was the trouble. At 30,000
feet, several minutes later, neither the tail gunner nor
the navigator could be reached on the interphone. A
third crew member went back and found both the
gunner and the navigator dead. The gunner had be-
come disconnected from his oxygen supply, and the
navigator had gone back without a walk-around bottle.

1-21. HOW TO AVOID THE BENDS AND CHOKES.
1-22. CAUSES OF BENDS AND CHOKES. Bends
and chokes are symptoms of decompression sickness,
which is caused by the formation of bubbles, consist-
ing mainly of nitrogen, when the pressure upon the
body is greatly and rapidly reduced. The symptoms
sometimes occur in flyers at high altitudes, especially
after rapid climb or during muscular activity. (Refer
to T.O. No. 30-105-1, Your Body in Flight.)

1-23. WHAT TO DO BEFORE REACHING ALTI-

Section |
Paragraph 1-17 to 1-31

TUDE. The best way of avoiding these symptoms is
to breathe 100 percent oxygen before arriving at al-
titude. Most flyers who are subject to decompression
sickness get adequate protection if they breathe pure
oxygen for 1 hour before reaching 25,000 feet. At
the present time decompression sickness is not often
a serious problem, and special protective measures are
seldom needed. If such protection is needed, however,
these general rules may be followed:

a. Breathe 100 percent oxygen for at least 1 hour
before reaching 25,000 feet. Part of the period of
oxygen breathing may be spent on the ground and
part during ascent, so long as pure oxygen is breathed
continuously for 1 hour.

b. If the oxygen supply in the plane is sufficient,
and the ascent will take 1 hour or longer, then breathe
100 percent oxygen only during ascent.

c. If the oxygen supply in the plane is not sufficient
to permit breathing pure oxygen during ascent, then
breathe pure oxygen for 1 hour just before take-off,
and during ascent, use the oxygen system in the plane
with the diluter set at “NORMAL” (automix “ON”).

d. You will get some protection by breathing pure
oxygen for only 15 minutes, but the longer you breathe
it the more resistant you will be.

1-24. WHAT TO DO AT ALTITUDE. If severe
symptoms occur at altitude, the only remedy is partial
descent, while keeping as quiet as possible. If you
feel faint, make sure you are getting 100 percent oxy-
gen.

1-25. WHAT TO DO AFTER DESCENT. If you
have had severe symptoms during flight, or if you still
have the chokes after descent, you should notify the
Flight Surgeon immediately.

1-26. WHAT THE PERSONAL EQUIPMENT
OFFICER DOES FOR THE FLYER.

1-27. The functions of the Personal Equipment Officer
are essential to the effective use of air power. His
duties with reference to the use of oxygen equipment
are given in detail in AAF Regulation 55-7. He assists
you in several ways as follows:

1-28. INSTRUCTION. He extends and supplements
the Altitude Training Program by giving you detailed
instruction in the use of oxygen equipment. He also
instructs inspection and maintenance personnel in the
use and maintenance of oxygen equipment.

1-29. FITTING AND CARE OF MASKS. He fits
and tests your oxygen mask, and helps you to keep
it in good condition.

1-30. INSPECTION OF EQUIPMENT. He super-
vises and assists in the servicing and inspection of
oxygen equipment in the airplane, and makes sure that
adequate supplies of oxygen are available. He prepares
and submits Unsatisfactory Reports as provided in AAF
Regulation 15-54.

1-31. REPORTING OF ACCIDENTS. He cooperates
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with the Flight Surgeon in preparing a report of each
accident to, or death of flying personnel caused by
malfunctioning of oxygen equipment or by failure to
use it properly. Such reports are submitted in tripli-
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cate to the Office of the Air Surgeon, Headquarters,
Army Air Forces, Washington 25, D. C., within 5 days
following the date of the accident or death.

SECTION 1I
OXYGEN INSTALLATIONS IN GENERAL

2-1. BASIC COMPONENTS OF AN OXYGEN
SYSTEM.

2-2. All aircraft oxygen systems include the following
basic components:

a. CYLINDERS. These are containers for the stor-
age of oxygen. '

b. PLUMBING. This term is sometimes used to
include the tubing, valves, and fittings necessary to
interconnect the fixed components of the system, and
to permit recharging of the cylinders.

c. REGULATORS. These govern the flow of oxy-

gen to the flyer.

d. INDICATORS. Oxygen supply pressure is shown
by a pressure gage. Action of the regulator is shown by
a flow indicator.

e. DELIVERY APPARATUS. This usually consists
of a mask and a flexible tube connecting it to the reg-
ulator.

2-3. PORTABLE AND EMERGENCY EQUIPMENT.
Walk-around assemblies are provided in multiplace air-
‘craft, for movements of personnel from station to sta-
tion within the airplane. Emergency cylinders furnish

A-4

LOW ALLOY

F-
STAINLESS
&1 STEEL
STAINLESS
STEEL

A-6

LOow
ALLOY

D-2

Low
ALLOY

D-2
STAINLESS
STEEL

F-2
Low
ALLOY

F-2
STAINLESS STEEL

Figure 2-1. Low-Pressure Oxygen Cylinders
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a source of oxygen which can be used in parachute
escape at high altitude, or in the event that the normal
oxygen supply is lost.

2-4. FLIGHT STATION EQUIPMENT. Regulators,
indicators, delivery apparatus, portable and emergency
assemblies may be referred to collectively as flight
station equipment. There are three types of flight sta-
tion equipment: the demand type, the pressure-demand
type, and the continuous-flow type. These three types
of equipment are discussed separately in sections III,
1V, and V of this Handbook. Cylinders and plumbing
are essentially similar in almost all aircraft, varying
mainly in arrangement. These two components are
discussed in this section.

2-5. LOW-PRESSURE CYLINDERS.
figure 2-1.)

2-6. CHARACTERISTICS. Combat aircraft carry only
low-pressure cylinders. These are described in detail in
T.O. No. 03-50C-3. They can hold a maximum charge
of 450 psi, and are normally filled to a pressure of
400 psi. Spuds for attachment of fittings are found
at one or both ends. Except for the type A-4 walk-

(See

TABLE I.

Section |l
Paragraphs 2-3 to 2-8

around bottle, which is green, all low-pressure cylinders
are painted yellow.

2-7. SHATTERABLE AND NONSHATTERABLE
CYLINDERS. Most low-pressure cylinders will resist
shattering by gunfire even when filled to 400 psi. These
are called “shatterproof” or “nonshatterable.” They are
identified either by the presence of welded steel bands
or by the sign “NONSHATTERABLE” on their sur-
face.

WARNING

Nonbanded low-pressure cylinders which are
not marked with the sign “NONSHATTER-
ABLE” are not to be used in combat at a pres-
sure greater than 300 psi, (Refer to T.O. No.
03-50-9.)

2-8. TYPES AND CAPACITIES. These are listed in
Table I and illustrated in figure 2-1.

CHARACTERISTICS OF LOW-PRESSURE OXYGEN CYLINDERS

Low-Pressure Description

Cylinder Type

Available 02
400 to 50 psi
(cubic feet)

Working Pres-
sure (combat)

Internal Volume
(cubic inches)

Green—Banded (Shatterproof)

A4 7-5/8 x 5-1/4 inch—one spud 104 1.44 400 psi
Green—Nonbanded (Shatterproof) :

A-4 7-5/8 x 5-1/4 inch—one spud 104 1.44 400 psi
Yellow—Nonbanded (Shatterproof) y

A-6 14-1/2 x 5-3/4 inch—one spud 280 3.8 400 psi
Yellow—Banded (Shatterproof) ]

D-2 23-1/2 x 5-3/4 inch—two spuds 500 6.9 400 psi
Yellow—Nonbanded (Shatterproof) :

D-2 23-1/2 x 5-3/4 inch—two spuds 500 6.9 400 psi
Yellow—Nonbanded (Shatterable) el

F-1 17-1/2 x 9-3/4 inch—one spud 1000 13.8 300 pst
Yellow—Banded (Shatterproof) -

F-1 17-1/2 x 10-1/8 inch—two spuds 1000 13.8 400 psi
; Yellow—Nonbanded (Shatterproof) )
F-2 44-1/2 x 5-3/4 inch—two spuds 1000 13.8 400 psi
Yellow—Banded (Shatterproof) h

F-2 L 1Wo spads 1000 13.8 400 psi
Yellow—Nonbanded (Shatterable) :

G-1 24-1/2 x 12-1/4 inch—one spud 2100 29.0 300 psi
Yellow—Banded (Shatterproof) .

G-1 24-1/2 x 12-9/16 inch—two spuds gl 29.0 400 psi
Yellow—Nonbanded (Shatterproof) .

)4 49-1/4 x 24-1/2 inch—two spuds 18000 248.0 400 psi
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H-1

A-2
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STEEL

C-1

AN-C-51

Figure 2-2. High-Pressure Oxygen Cylinders

2-9. HIGH-PRESSURE CYLINDERS.

2-10. A limited number of high-pressure cylinders are
in use in some types of training aircraft. They may
be .identified by their green color and the presence of
a hand-operated shut-off valve installed in the neck.
Their types and capacities are listed in Table II and
illustrated in figure 2-2.

2-11. OXYGEN PLUMBING.

2-12. TUBING. Tubing used in low-pressure installa-
tions is made of aluminum alloy conforming to Federal
Specification No. WW-T-787. It has an outside diameter
of 5/16 inch and a wall thickness of 0.032 or 0.035 inch.
Tubing running from the filler valve to the cylinders
is identified by bands of self-sealing Scotch cellulose
tape of the color combination light green, yellow, light
green (figures 2-3 and 2-4). Distribution lines, that
is, tubing leading from the cylinders to the regulators,
are banded with the single color light green. Light
green is also used to identify a tube used both as a
filling line and as a distribution line. In high-pressure
systems, 3/16-inch copper tubing is used in place of
5/16-inch aluminum alloy.

2-13. FITTINGS. In low-pressure systems, the parts
are joined by means of flared tube connections, with
adapters where necessary to attach them to pipe thread
fittings. A flared tube connection consists of a nipple
held against the mouth of the flared tube by a sleeve
and a coupling nut. Most flares now in use are simple,
funnel-shaped expansions of the tubing. These are
gradually being replaced by double flares which give
a better and more enduring seal. Pipe thread fittings
are used to attach tubing to cylinders, regulators, and
indicators. The connection is made by the engagement

of threaded male and female parts which are tapered
in diameter. Directions for making both flared tube
and pipe thread connections are given in section IX.
Various types of fittings are illustrated in figure 10-13.
The copper tubing used with high-pressure systems re-
quires silver soldered fittings.

2-14. CHECK VALVES. Check valves are installed
in combat aircraft to prevent the loss of the entire
oxygen supply in the event that a single cylinder or
length of tubing is punctured by gunfire. A check
valve permits a rapid flow of oxygen in only one direc-
tion, indicated on the valve casing by an arrow. The
present check valves (figure 2-5) are not spring-loaded;
they will allow a slow back-flow under slight pressure
differential, except when installed with the arrow point-
ing upward. A large and sudden fall of pressure on
the upstream side, however, will seat a valve installed
in any position. The importance of these facts is in-
dicated in the following paragraphs.

Note

The effect of leakage or puncture at any point
in the oxygen system of a given airplane de-
pends upon the exact arrangement of cylin-
ders, check valves, and outlets in that partic-
ular plane. For this reason every crew member
should be familiar with the oxygen system
of the airplane in which he flies.

2-15. BASIC SCHEMES OF LOW-PRESSURE
OXYGEN INSTALLATIONS.

2-16. Oxygen systems in army aircraft are designed
for maximum safety with minimum maintenance. It
is emphasized that the basic schemes described fol-
lowing do not represent the actual installation in
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Figure 2-5. Cutaway of Low-Pressure Oxygen
Check Valve, Style A

any actual airplane. For data on the various aircraft
types, refer to the Technical Orders of the 01- series.
For data on the individual airplane, the only reliable
source is the airplane itself.

2-17. SINGLE-PLACE TRAINING AIRPLANE. (See
figure 2-3, detail “B”.) Such airplanes are equipped
with an oxygen system consisting of one or more cyl-
inders, a filler valve, a common filler, and distribution
manifold, and the essential flight station equipment.
Since gunfire is not anticipated, there are no check
valves.

2-18. SINGLE-PLACE COMBAT AIRPLANE. (Sce
figure 2-3, detail “C”.) These airplanes have not less
than two cylinders, and usually have more. Filler and
distribution manifolds are distinct. For protection
against oxygen loss from gunfire, the system is always
fitted with check valves.

2-19. MULTIPLACE COMBAT AIRPLANE, INDI-
VIDUAL MANIFOLDS. This scheme of installation

Section lI—III
Paragraphs 2-16 to 3-5

provides a single, independent manifold for each in-
dividual station outlet. It has the advantage that no
single puncture can deprive more than 1 man at a time
of his oxygen supply. The length of critically vulner-
able tubing is reduced to a minimum. All cylinders
are connected to a common filler line, so that until the
check valves are closed by puncture or sudden loss of
pressure in some part of the system, the pressures in
some or all of the cylinders will be equalized at all
times. The actual operation of the check valves in such
a system, however, depends upon the position in which
they are installed (paragraph 2-14) and upon details
of the recharging procedure.

2-20. MULTIPLACE COMBAT AIRPLANE, FOUR
LINE (DUAL SOURCE) SYSTEM. (See figure 2-4,
detail “A”.) In this installation, while several outlets
(1) are connected to a single manifold (2), the various
manifolds are also interconnected in such a way that
each outlet is actually supplied from two manifolds,
either one of which may be punctured without drain-
ing the other. The filling system (3) is the same as
that described in paragraph 2-19. The advantage of
this plan is that many outlets may be supplied by
relatively few cylinders with maximum safety.

2-21. MULTIPLACE COMBAT AIRPLANE, COM-
MON MANIFOLDS. (See figure 2-4, detail “B”.)
This is a nonstandard installation found on certain
heavy bombers. Several outlets (1) are supplied from a
common manifold (2) to which a number of cylinders
(3) are connected. Puncture of any distribution mani-
fold will deplete the oxygen supply for several men.
The filling system (4) is the same as described pre-
viously.

SECTION Il
THE DEMAND OXYGEN SYSTEM

3-1. GENERAL CHARACTERISTICS.

3-2. The demand oxygen system gets its name from
the fact that it delivers oxygen to your lungs in re-
sponse to the suction of your own breath, that is, on
demand. 1t will give you enough oxygen for all al-
titudes up to 35,000 feet. Each time you inhale, you
close a valve in the mask and open a valve in the
regulator. When you exhale, you reverse this process.
These movements automatically start and stop the
oxygen flow, so that you get as much as you demand,
and no more. In order to prolong the duration of
the supply, the oxygen is automatically diluted in the
regulator with suitable amounts of atmospheric air.
This dilution takes place at all altitudes below 34,000
feet, but not above that altitude. Although the system
works automatically, it is operated by your own breath-
ing. This makes it important that your mask should
not leak atmospheric air.

3-3. As installed in army aircraft (figure 3-1), the de-
mand system employs low-pressure cylinders and
plumbing such as are described in section II. The char-
acteristic elements of the system, however, are the reg-
ulator and the mask. You cannot use a demand mask
with a continuous-flow regulator, or a demand reg-
ulator with a continuous-flow mask. These parts are
not separately interchangeable with those of other types
of equipment.

Note

Certain exceptions to this rule are noted in
connection with pressure-demand equipment.
(Refer to note following paragraph 4-14.)

3-4. THE DILUTER-DEMAND REGULATOR.

3-5. GENERAL DESCRIPTION. The essential fea-
ture of a diluter-demand regulator is a diaphragm-
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operated valve (called the demand valve), which you
open by slight suction on the diaphragm when you
inhale, and which closes when you exhale. A reducing
valve upstream from the demand valve provides a con-
trolled working pressure. Downstream from the de-
mand valve is the diluter or “automix” mechanism.
This consists of an aneroid assembly (a sealed, evac-
uated bellows) which controls an air inlet. When the
diluter lever is set in the position marked “NORMAL”
(automix “ON”), you get mainly atmospheric air at
ground level, with very little if any added oxygen. As
you go up, the air inlet is gradually closed by the
bellows, to give you an ever higher concentration of
oxygen until, at about 34,000 feet, the air inlet is
completely closed, and you get practically 100 percent
oxygen. As you come down, of course, this process
is reversed.

3-6. USE OF THE DILUTER (AUTOMIX) CON-
TROL. The diluter can be set by turning the lever to
give “1009, OXYGEN" (automix “OFF”) at any al-
titude. At moderate altitudes, however, this causes
the oxygen supply to disappear much more rapidly
than is normal. The diluter should be set at “NOR-
MAL” (automix “ON") for all routine operations. It
should be set at 1009, OXYGEN" (automix “OFF")
only for the following special purposes:

a. Treatment of wounds or shock.

b. Protection against exhaust gases or other poison-
ous gases in the airplane.

c. To avoid the bends and chokes.

d. To correct a feeling of oxygen lack.

Note

If you set the diluter at 1009, OXYGEN"
(automix “OFF”) to correct a feeling of oxy-
gen lack, try to find out what was causing the
trouble. If your mask is correctly fitted, and
your other equipment is working properly,
you should not feel any lack of oxygen with
the diluter set at “NORMAL” (automix
“ON"). When you have found out what was
wrong, and have corrected it, set the diluter
back at “NORMAL” (automix “ON”), so as
not to waste oxygen.

3-7. THE EMERGENCY VALVE. The diluter-de-
mand regulator is provided with an emergency valve,
operated by a red knob on the front of the regulator.
Opening this valve directs a steady stream of pure
oxygen into your mask, regardless of your altitude.
You should use the emergency valve without hesita-
tion in any of the following emergencies:

Anoxia or unconsciousness in any crew member.
Sudden serious leakage in your oxygen mask or mask-
to-regulator tubing.

Malfunction of the regulator.

Section Il
Paragraphs 3-5 to 3-12

Note

Use of the emergency valve exhausts the oxy-
gen supply in a very short time.. For this rea-
son, the valve knob is secured so that you
cannot open it without breaking a wire. When
you have corrected the emergency condition,
turn the valve off. If for any reason you have
to leave the emergency valve open, the air-
planie should descend to a lower altitude.

3-8. TYPES OF DILUTER-DEMAND REGULATORS.

3-9. The types and designs of diluter-demand regula-
tors differ somewhat in construction and performance,
but are nevertheless regarded as interchangeable.

3-10. TYPE A-12A REGULATORS.

Note

The term “A-12A” is used in this Handbook
to apply to the regulators now listed in Stock
List S-03K under part No. AN6004-1, as Reg-
ulator-Diluter Demand Oxygen AN-R-5, stock
No. 5500-717645, and to the Pioneer design
of this same regulator. Future procurements
of these regulators will bear the type desig-
nation “A-12A.” This designation will also
appear in future stock lists. The A-12A reg-
ulator will be identical with the present reg-
ulator which is listed as ANG6004-1. All refer-
ences in this Handbook to A-12A regulators
apply also to the ANG004-1.

Figure 3-2. Type A-12A Diluter Demand Regulator,
Aro Design

3-11. ARO DESIGN. (See figure 3-2.) Regulators of
this design are made by several manufacturers. A sche-
matic diagram is given in figures 3-6 and 3-7. Green
arrows represent oxygen; white arrows represent air.

3-12. At altitudes up to about 34,000 feet, air enters
the regulator through an inlet provided with a check
valve (1). Oxygen enters through a pressure reducing
valve (2). Each time you inhale, the slight suction
of your breath pulls the diaphragm (3) inward, and
opens the demand valve (4). Oxygen then follows
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the path indicated by the green arrows until it reaches
the oxygen metering port (5). The diluter mechanism
includes two valves, one covering the air metering
port (6), and the other, the oxygen metering port (5).
These valves are mounted on a single lever, controlled
by an aneroid (7).

3-13. At sea level, the aneroid, being compressed by
the pressure of the atmosphere, permits the lever to
keep the oxygen valve closed and the air valve open.
With the mechanism in this position, you get nothing
but atmospheric air.

3-14. As you go up, the aneroid expands. This pushes
the lever toward the right (in the diagram), gradually
opening the oxygen metering port, and closing the
air metering port. In this way, up to about 34,000
feet, the regulator delivers a mixture of oxygen and
air which contains an increasing proportion of oxygen
as the altitude is increased.

3-15. At 34,000 feet and above, the aneroid will have
completely closed the air valve, leaving the oxygen
valve wide open. At these altitudes you get practically
pure oxygen.

3-16. The diluter control lever is not shown in the
figure, but the device by which it closes the air meter-
ing port is indicated at No. (8). The emergency valve
(9) controls a bypass between the oxygen inlet and
the chamber leading to the mask outlet.

Figure 3-3. Type A-12A Diluter Demand Regulator,
Pioneer Design

3-17. PIONEER DESIGN A-12A REGULATOR. (Sec
figure 3-3.) This is the product of a single manu-
facturer. It differs from the Aro design in appearance
and in construction, but not in the way in which it
is used. A schematic diagram of its operaton is given
in figure 3-9.

3-18. The demand valve (1) is similar in principle to
that of the Aro regulator, but the diluter (2) and the
pressure reducing mechanism (3) are somewhat dif-
ferent. The pressure reducing valve is operated by a
spring-loaded bellows. The diluter mechanism contains
an aneroid which actuates only the valve controlling
the air metering port.

RESTRICTED
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Figure 3-4. Type A-12 Diluter Demand Regulator,
Airco Design

3-19. At sca level, the air metering port is fully open.
When you inhale, you simply draw in atmospheric
air. Suction on the diaphragm is so slight that the
demand valve is opened very little.

3-20. With increasing altitude, the air inlet becomes
more and more restricted by the action of the aneroid.
As this happens, the suction of your breath becomes
more and more effective in opening the demand valve,
with the result that more oxygen and less air are sup-
plied to your mask.

3-21. At and above 34,000 feet, the aneroid will have
closed the air metering port completely, so that with
each breath you inhale practically pure oxygen.

3-22. Turning the diluter control lever to the position
marked “100%, OXYGEN" closes the air inlet from
the outside, so that you can get pure oxygen at any
altitude. (Refer to paragraph 3-6.) The emergency
valve (4) works in the same way as that in the Aro
A-12A regulator.

3-23. TYPE A-12 REGULATORS.

3-24. AIRCO DESIGN. (See figure 3-4.) This is
an earlier version of the Aro A-12A regulator, and
is still in use in many airplanes. It differs from the

Figure 3-5. Type A-12 Diluter Demand Regulator,
Pioneer Design
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Figure 3-6. Normal Operation of the Aro Design A-12A Regulator

newer design in appearance and in certain details of
performance, but is essentially similar in operation.
This older regulator is marked with the term “AUTO-
MIX ON” or “OFF,” in place of the markings “INOR-
MAL” and “1009, OXYGEN” which show the settings
of the diluter control lever on the face of the A-12A.
Most of these regulators have no check valve in the air
inlet. For this reason you should turn the automix
“OFF” whenever it is necessary to use the emergency
valve. Otherwise, most of the oxygen will leak out
into the atmosphere instead of going into your mask.

Note

Type A-12 regulators of the Airco design and
certain AING004-1 regulators of the Aro design
may not begin to deliver supplementary oxy-
gen until they reach an altitude of 8,000 feet
or more. Since oxygen is required even at low

altitudes in order to maintain satisfactory
night vision, this condition is not desirable in
night operations. It is possible to get pure
oxygen from these regulators at any altitude
by turning the automix “OFF,” but this will
seriously reduce the duration of the oxygen
supply. (See figures 6-1 and 6-2.) T.O. No.
01-15F-29 identifies these regulators by serial
number and gives instructions for replacing
them in the P-61 airplane.

3-25. PIONEER DESIGN A-12 REGULATORS. (See
figure 3-5.) This is an earlier version of the Pioneer
A-12A regulator, still in use in many airplanes. It
differs from the newér design in appearance and in
certain details of performance, but it is essentially sim-
ilar in operation. The settings of the diluter control
lever are marked automix “ON” and “OFF,” which
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Figure 3-7. How the Air-Oxygen Mixture Is Regulated
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Figure 3-8. Normal Operation of the Pioneer Design A-12A Regulator
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correspond to the terms “"NORMAL” and 1009,
OXYGEN” on the A-12A regulators.

3-26. FLOW INDICATORS.

3-27. The purpose of the flow indicator is to tell you
whether oxygen is flowing through the regulator. It
does not tell you how much oxygen is flowing, nor
does its operation guarantee that you are getting
enough oxygen.

3-28. The blinker type A-3 flow indicator (figure 3-9)
is connected to the regulator. When it is used with
a regulator of the Aro or Airco design, the “eye”
closes as you inhale and opens as you exhale. With
Pioneer regulators, this action is reversed. In either
case it is the blinking that is important. When the
emergency valve is opened, the eye does not blink.

BLINKER
Pt
_—_——

OXYCEN FLOW
INDICATOR

Figure 3-9. Type A-3 Flow Indicator and Type K-1
Pressure Gage

Note

Tubing which connects the blinker to a Pio-
neer regulator should be as short as possible,
in order to reduce the loss of oxygen. (Refer
to paragraph 6-8.)

3-29. The type A-1 or “bouncing ball” flow indicator
is no longer standard. It consists of a transparent
tube installed in the distribution line. upstream from
the regulator. A ball rises in the tube as you inhale
and falls as you exhale.

3-30. PRESSURE GAGE.

3-31. The type K-1 pressure gage is usually mounted
on the same panel with the flow indicator. (See figure
3-9.) The gage shows the oxygen pressure in the cyl-
inders that supply your station. Normally the pressures
in all of these cylinders will be the same. But if one
cylinder is punctured, the check valves will isolate
that cylinder and will leave the pressure gage reading
practically the same as before, although the oxygen
supply will be greatly reduced. To make intelligent
use of any oxygen pressure gage, you should be fam-
iliar with paragraph 6-16, of this Handbook.

3-32. COMBINATION PRESSURE AND FLOW
INDICATOR, TYPE T-1.

(See figure 3-10.)

Section Il
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Figure 3-10. Type T-1 Combination Pressure Gage
and Flow Indicator

3-33. A combination oxygen pressure and flow indi-
cator has been standardized for future installation in
production aircraft. Both elements are inclosed in a
single, standard-size aircraft instrument case, together
with a contact switch assembly which operates a panel
of oxygen check lights located at a central station in
the airplane. The combination indicator is installed at
each oxygen station. The flow indicating element is
a rotary type of blinker, with a luminescent disc re-
sembling a pin-wheel, the sectors of which rotate al-
ternately into view and out of view each time you
breathe. The pressure indicator dial resembles that
of the K-1 gage described in paragraph 3-31.

3-34. DEMAND MASKS.

3-35. Oxygen masks for use with demand regulators are
somewhat similar in operation to a gas mask, although
the design is different. The only mechanical feature is
a single outlet valve, consisting of a circular flap of
rubber, which opens the outlet when you exhale, and
closes it when you inhale. The operation of the entire
system depends upon the seating of this valve, and
upon the slight suction created in the mask when you
inhale. This is one reason why such care must be
taken in fitting the mask to your face and helmet. For
detailed information on the fitting and testing of de-
mand oxygen masks, see the Technical Orders of series
03-50B; see also paragraph 3-43 following, and para-
graph 9-37.

3-36. TYPE A-14A DEMAND MASK. (Sce figures
3-11 and 3-13, detail C.) At the present, this is the
standard demand oxygen mask. It is made in four
sizes, extra small, small, medium, and large. The usual
distribution of sizes is 16 percent large, 68 percent
medium, and 16 percent small. The extra small size is
available only for limited use in special cases. Bomber
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Figure 3-11. Type A-14A Demand Oxygen Mask

crews often require a few more of the large size, while
fighters may need more of the small size. The A-14A
differs from the earlier A-14 (figure 3-13, detail B) in
having patch-like inserts which partly cover the open-
ings for the inflow of oxygen. This helps to prevent
freezing. A locking device (figure 3-16) is installed
by the manufacturer. Fittings are supplied with the
mask, by means of which it can be attached permanent-
ly to the helmet. The tubing is somewhat longer and
less subject to kinking than that of the earlier masks.

3-37. TYPE A-14 DEMAND MASK. (See figure 3-13,
detail B.) This mask is the same as the A-14A, ex-
cept for the points previously mentioned. The A-14
may be modified by the Personal Equipment Officer to
include most of the special features of the A-14A. In
some of the masks a baffle (figure 3-13, detail A) was
used instead of the insert patches to help prevent freez-
ing.

3-38. OTHER DEMAND MASKS. Several earlier
types of demand masks are still in stock. One of these
is the A-10A, shown in figure 3-12. The earlier masks
should be replaced as soon as possible with A-14A or
modified A-14 masks.

CAUTION

Pressure-demand masks should not be used

RESTRICTED
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Figure 3-12. Type A-10A Demand Oxygen Mask

with straight demand regulators unless de-
mand type outlet valves are substituted for
the presure-demand exhalation valves. (Refer
to paragraph 4-13.) If the mask is not so
modified, the regulator diaphragm is likely to
be ruptured if you open the emergency valve.

3-39. HOW TO CHECK YOUR MASK FIT.

3-40. When your demand mask is first issued, your
Personal Equipment Officer will arrange to have it
properly fitted to your face and attached to your hel-
met. At this time, and at intervals thereafter, he should
check the fit by means of his oxygen testing kit, which
will tell you not only whether your mask leaks, but
bow much it leaks. He will help you make any mask
adjustments that you may need, including the installa-
tion of a microphone.

3-41. Possibly several times during each flight, you
will need to check the mask fit for yourself. This is
how to do it:

a. SUCTION TEST. This test is good only when
it is done carefully and correctly. It is the only test
which can be used conveniently in flight and which
does not require any special equipment. First kink
your mask tubing and pinch the kink so as to block
the tubing completely. Inhale gently. You should not
be able to draw in any air at all. Don’t try to take a
deep breath, because this merely seals the mask to your
face by excessive suction, and disguises any leak that
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Figure 3-13. Antifreeze Modifications of Type A-14 Demand Mask: a. A-14 Unmodified Mask,
b. A.T.S.C. Baffle, c. 8 AF Inserts

might have been present on normal inhalation. You
can also make the test by covering the open end of
the mask tubing with the palm of your hand.

CAUTION %

Never kink the mask tubing while the emer-
gency valve is open. This would rupture the
diaphragm of the regulator.

b. SNIFF TEST. Connect your mask to the oxygen
supply and set the diluter at 1009, OXYGEN" (auto-
mix “OFF”). Hold a nasal inhaler containing a little
oil of wintergreen or peppermint, or a cotton swab
moistened with one of these substances, close to but
not touching your mask. If you can smell the aromatic
oil at all, your mask is leaking.

c¢. MECHANICAL LEAK TEST. Take a deep breath
and hold it without further suction, as though you
were swimming under water. Plug your mask into the
mechanical leak detector (figure 3-14), holding the
box so that it is completely closed. While still hold-
ing your breath, release the lower plate of the leak
detector. If the plate drops down all the way within
10 seconds or less, your mask is leaking dangerously.
This test is not effective if it is done incorrectly or
in haste.

Note
Once a demand mask has been properly ad-
justed to your face and helmet, these items
of equipment should never be loaned or ex-
changed. except in an extreme emergency.

3-42. HOW TO REMOVE AND REPLACE YOUR
MASK IN FLIGHT.

3-43. During flight, even at high altitudes, it may be
necessary to remove your oxygen mask from time to
time in order to blow your nose or to get rid of ex-
cessive moisture. Here is a safe and simple way to do
1t:

a. Wait until you are in level flight and can devote
your full attention to what you are going to do. Don’t
remove your mask during combat or aerial maneuvers.

b. Unhook the mask from the right-hand side of
your helmet, but do not remove it from your face.

c. Holding the mask firmly against your face, take
three or four breaths of oxygen; then hold your breath.

d. Let the mask swing from the left-side of your
helmet.

e. Before taking your next breath, blow your nose,
or do whatever is necessary. If you have to breathe
before you have finished, hold the mask firmly against
your face as you do so, and then remove it again. The
main thing is not to inhale atmospheric air.

f. After you have replaced the mask, you may con-
tinue breathing while you fasten the hook.

g. When you have adjusted the mask, test the fit
by the suction test described in paragraph 3-41. Use
great care to keep the mask tubing from getting kink-
ed and the suspension straps from getting twisted.

Note

It is permissible to set the diluter at 1009,
OXYGEN” (automix “OFF”) before com-
mencing this procedure. If you do so, how-
ever, be sure set it back at “NORMAL” (auto-
mix “ON”) when you have finished. If you
are ill and have to remove your mask to vomit,
turn on the emergency valve first. Be sure to
turn the valve off when you have readjusted
your mask.
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FIRST, INHALE AND
HOLD BREATH
THEN, PLUG MASK HOSE
INTO DETECTOR AND
RELEASE BOTTOM PLATE

IF THE PLATE DESCENDS IN 10 SEC-
ONDS OR LESS A LEAK IS PRESENT

Figure 3-14. Use of the Mechanical Leak Detector

3-44. HOW TO DE-ICE YOUR MASK.

3-45. If you are exposed to extreme cold, ice may form
in your mask from the moisture in your breath. The
ice can usually be removed by bending or squeezing
the mask with your hands from time to time. After
you have done this, recheck the fitting and operation
of the mask by means of the suction test described in
paragraph 3-41. It is a good plan to carry a spare mask
as a replacement. If you are to be exposed to tempera-
tures below —40° F, your mask should be provided with
an electric heater.

3-46. MASK-TO-REGULATOR CONNECTIONS.

3-47. Attached by a clamp to the outlet elbow of each
demand regulator is a length of flexible tubing, bear-
ing at its outer end a clothing clip, a dust cap, and
a socket which receives the male part of the mask
tubing connector. The combination of the socket with
the male part is called the mask-to-regulator connector
or, more commonly, “the quick disconnect.” Two types
of male parts are in use: the prong type (figure 3-15,
detail A), and the C-ring type (figure 3-15, detail B).

RESTRICTED
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Figure 3-15. Male Oxygen Mask Connectors:
a. Prong Type, b. C-Ring Type

With either of these, the seal is completed by a rubber
gasket, while the parts are held together by friction.
3-48. Repeated instances of accidental disconnection
have made it necessary to equip all demand and pres-
sure-demand masks with a locking device. (See figure
3-16.) A tongue projecting from this device fits under
the edge of the open dust cap on the mask-to-regulator
hose in such a way that the mask cannot be disconnect-
ed unless the dust cap is opened still further to release
the tongue. (See figure 3-17.)

Note

With your mask tubing locked in place by
this device, you cannot leave the airplane with-
out deliberately disconnecting yourself. More-
over, accidental disconnection is still possible,
either through inadvertent release of the lock-
ing device or through loosening of the knurled
collar on the elbow outlet of the regulator.

3-49. DEMAND TYPE PORTABLE EQUIPMENT.

3-50. GENERAL DESCRIPTION. Portable oxygen
units, usually called “walk-around bottles,” consist of
a special type of demand oxygen regulator directly at-
tached to a small supply cylinder. Portable demand reg-
ulators have a socket for direct connection with the
mask tubing. They also have a pressure gage, a clothing
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clamp, and a recharger adapter by means of which
you can refill' the cylinder during flight.

3-51. USE IN FLIGHT. Before leaving your station,
tell the airplane commander where you are going and
what you are going to do. Look at the pressure gage
on your portable regulator to see that the cylinder is
charged. Clip the regulator to your clothing or your
parachute harness, or suspend it from your shoulder
by its sling. Hold your breath as you disconnect from
your regular supply and plug into the portable unit.

WARNING

Always check the pressure gage at frequent
intervals when you are using any kind of port-
able oxygen unit. Don’t rely upon your judg-
ment as to how long the oxygen will last.
When the pressure gets down to 100 psi, go
to a regular oxygen outlet or to a recharger
hose where you can refill the portable unit.

3-52. RECHARGING. To refill a portable unit, un-
cap the valve at the end of the portable recharger
hose, and plug in the recharger adapter that projects
from the side of the portable regulator. A portable
recharger hose is usually found at each station where
there might be a need for it. You can continue to

Figure 3-16. Disassembled Mask Tubing Male
Connector and Positive Locking Device

breathe from the portable unit while it is being re-
filled.

Note

To recharge a portable unit, you have to push
the adapter into the recharging valve with con-
siderable force, so that it clicks and locks itself
into place. It is worthwhile to practice this
procedure while wearing your flying gloves, so
that you will be able to do it quickly when

Section Il
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Figure 3-17. Mask-to-Regulator Connector Assembly

your safety depends upon it. Watch the pres-
sure gage on the portable regulator. The
cylinder will be filled in a few moments, and
the final pressure on this gage will then be
the same as, or a little below the pressure
shown on the gage at that station.

3-53. TYPES OF DEMAND PORTABLE UNITS.

3-54. A-6 CYLINDER WITH A-15 REGULATOR.
(See figure 3-18.) This is the most convenient and
economical of the various types. A diluter mechanism
in the A-15 regulator prolongs the duration of the
supply, while the cylinder is small enough to be worn
and handled easily. When charged to 400 psi, this
unit will last about 30 minutes, assuming that you are
only moderately active and at an altitude of about
25,000 feet. But watch the pressure gage! (Refer to
the note following paragraph 3-58 for the use of this
assembly in underwater escape.)

3-55. D-2 CYLINDER WITH A-13 REGULATOR.
(See figure 3-19.) The A-13 regulator used in this
assembly has no diluter. With the larger D-2 cylinder
however, the duration of the oxygen supply is approx-
imately the same as that of the A-6 cylinder used with
the A-15 regulator. Because of its bulkiness, this unit

is carried in a sling. g

3-56. A-14 CYLINDER WITH A-13 REGULATOR.
(See figure 3-20.) These units have a supply duration
of 4 to 8 minutes when fully charged, depending upon
altitude and activity. They are being replaced by the
A-6 cylinder and A-15 regulator previously described.

3-57. PORTABLE OXYGEN STATION. For aircraft
which do not normally carry oxygen equipment but
are nevertheless required to fly at oxygen altitudes,
portable or removable oxygen stations may be as-
sembled locally. Such an assembly, shown in figure
3-21, consists of an F-1 cylinder, an A-12 regulator, a
K-1 pressure gage, a filler valve, and the necessary
plumbing.
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3-58. USE OF PORTABLE EQUIPMENT IN UN-
DERWATER ESCAPE. Portable oxygen units have
been used successfully in escape from aircraft which
have been submerged in water as a result of ditching,
although the duration of the oxygen supply is much
reduced under these conditions. In preparation for
ditching, the mask must be tightened securely, and the
cylinder must be firmly attached to your clothing. Used
in this way, the unit will not only give you a few
moments of oxygen supply should you go down with
the airplane, but it will also provide considerable buoy-
ancy, which may or may not be of advantage.

Note
The A-15 regulator which is used with the
A-6 cylinder has a diluter mechanism with an

Figure. 3-18. Portable Oxygen Unit, A-6 Cylinder
with A-15 Regulator
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air inlet opening into the regulator body. (See
figure 3-18.) If you have to use this assembly
underwater, you must keep this air inlet tight-
ly covered with the palm of your hand.

3-59. EMERGENCY EQUIPMENT.

3-60. This equipment is intended as an'independent,
source of oxygen to be used either for emergency pur-
poses in the airplane or for parachute descents from
high altitudes. It should be carried by all flying per-
sonnel operating at altitudes of 25,000 feet or more.

3-61. H-2 EMERGENCY OXYGEN ASSEMBLY. (See
figure 3-22.) This unit contains a 10-minute supply
of oxygen in a nonshatterable cylinder designed for
a working pressure of 1800 psi. It is carried in a spe-

Figure 3-19. Portable Oxygen Unit, D-2 Cylinder,
A-13 Regulator and Sling
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Figure 3-20. Portable Oxygen Unit, A-14 Cylinder
and A-13 Regulator

cial pocket in the leg of the flying suit, or in a canvas
bag such as that shown in figure 3-22. In either case,
the cylinder must be securely fastened to your leg, so
that it will not break loose with the opening shock
of the parachute. A pull on the ball-and-cable release
starts the flow of oxygen through a flexible rubber
tube. This tube is connected to an adapter which can
be installed in any demand or pressure-demand oxygen
mask. Although the cylinder is provided with a pres-
sure gage and a recharging mechanism, it cannot be
refilled in flight. For additional details refer to AN
03-50C-5.

3-62. H-1 BAIL-OUT ASSEMBLY. (See figure 3-23.)
The cylinder in this assembly is of the same size as that
of the H-2 unit, but is shatterable. The flow of oxygen

Section Il
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is started by turning a hand valve. No mask adapter
is used. The flexible delivery tube ends in a pipe stem
which is thrust into the mouth and held between the
back teeth. Instructions for recharging the cylinder
are given in paragraph 8-8. The H-1 assembly is ob-
solete and is rapidly being replaced by the H-2 de-
scribed in the preceding paragraph.

3-63. FLYER'S CHECK LIST FOR DEMAND
EQUIPMENT.

3-64. Many aborted missions, anoxia accidents, and
deaths have occurred because of the failure of flyers
to make frequent and adequate checks of their oxygen
equipment. The points listed following should be
checked, as described, by every member of the air crew
on every flight requiring the use of oxygen. Make these
checks a habit. Do them the same way every time, so
that you can be sure not to miss anything which might
make trouble for you later.

3-65. BEFORE TAKE-OFF. Know the oxygen sys-
tem. Be sure that you are familiar with the oxygen
installation in the particular airplane in which you are
going to fly. Know where to go and what to do in an
emergency that deprives you of your normal source of
oxygen. Then check each item of equipment as describ-
ed following. To make sure that you have covered
each point, remember this name:

P. McCRIPE

P ressure gage

M ask

¢ onnections at mask

C onnections at regulator
R egulator

I ndicator

P ortable unit

E mergency cylinder

3-66. PRESSURE GAGE (P.). The gage should read
between 400 and 450 psi, and should agree approxi-
mately with the gages at other stations.

3-67. MASK (M). Be sure that you have your own
mask and your own helmet, and that they are properly
and securely attached. Look for cuts, tears, and cracks
in the rubber. Look for faulty fasteners and for loose
tubing clamps. If there is no mask microphone, be
sure that the pressure relief vent is sealed. (Refer to
T.O. No. 03-50B-8.) Test the fitting of your mask by
one of the tests described in paragraph 3-39.

3-68. CONNECTIONS AT MASK (c). Be sure that
the gasket is in place on the male part of the “quick
disconnect.” Test the pull required to separate the
two parts; it should be 10 to 20 pounds without the
locking device. Then be sure that the locking device
(figure 3-17) and the clothing clamp are in “working
order. When you attach, the clamp to your clothing, be
sure that it is up high enough so that you can move
your head freely in all directions. (see figure 3-1.)

3-69. CONNECTIONS AT REGULATOR (C). See
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Figure 3-21. Portable Oxygen Assembly, F-1 Cylinder with A-12 Regulator, A-3 Flow Indicator
and Filler Valve

that the regulator outlet elbow is pointing in the right
direction, that the knurled collar is tight, and that the
tubing is securely clamped to the elbow. Run the tub-
ing through your hand to detect kinks, cuts, or flat
spots.

3-70. REGULATOR (R). Before take-off, the diluter
should be set at “NORMAL” (auto mix “ON"). See
that the emergency valve is tightly closed and secured
with wire. You can detect large leaks in the regulator
diaphragm by placing the open end of the mask-to-
regulator tube against your mouth and blowing into it
for about 5 seconds. Any escape of air from the regu-
lator indicates either a leaky diaphragm or a faulty
check valve in the air inlet.

Note

This test is not valid with the older Airco
design regulators, which have a check valve in
the outlet rather than in the air inlet.

3-71. INDICATOR (I). The flow indicator may not
blink at ground level unless you set the diluter at
1009, OXYGEN” (automix “OFF”). After you have

checked the action of the indicator by taking two or
three breaths of oxygen, make sure that the diluter is
left in the position marked “NORMAL” (automix
Q(ON',)‘

Note

Movements of the mask-to-regulator tubing
may cause the indicator to blink even when
your mask is disconnected. Be sure that yox
(not the tubing) are operating the indicator.

3-72. PORTABLE UNIT (P). Check the clothing
clamp on the portable regulator. Then plug your mask
into the regulator and test the pull required to discon-
nect it. With your mouth against the opening for the
mask tubing, blow gently into the regulator to detect
a leaky diaphragm or a faulty check valve. Connect the
unit to the recharger hose, and fill the cylinder, to 400
psi. Then disconnect and listen for leakage in the
recharger valve. If no leakage is detected, recap the
valve and return both the hose and the portable unit
to their proper brackets.
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Figure 3-22. H-2 Emergency Oxygen

Note

You can sometimes reseat a leaky recharger
valve by a sharp blow on the valve casing, or
by reinserting the adapter for a moment. If
this fails, you may be able to stop the leak
temporarily by leaving a portable unit con-
nected to the recharger hose until the valve
can be repaired or replaced.

3-73. EMERGENCY CYLINDER (E). The pressure
gage on your emergency cylinder should read 1800 psi.
Examine the release mechanism for any obvious defects.
If you have an H-2 emergency assembly, check the mat-
ing of the parts that connect the tubing to the mask,
and leave them connected so that the equipment will
be ready for immediate use. See that the cylinder is

securely fastened to your leg and to your clothing.

3-74. DURING FLIGHT. Each member of the crew
should make a frequent check on the condition of his
mask, connections, regulator, and indicators, covering
the applicable points listed in the preflight check. This
in-flight inspection of oxygen equipment is especially
important for fighter pilots, who are entirely dependent
upon their own alertness to prevent the development
of anoxia. In multiplace aircraft, a responsible member
of the crew should be delegated by the airplane com-
mander to conduct a regular and frequent oxygen
check using the intercommunication system. Each crew
member in turn should be expected to report:

a. Any symptoms of oxygen lack or other illness.
b. Oxygen pressure gage reading.
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Figure 3-23. H-1 Emergency Oxygen
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c. Condition of mask, including icing, fit, and attach-
ment of quick disconnect.

d. Position of the diluter (automix); it should be
“NORMAL” (“ON”) except for the special purposes
described in paragraph 3-6.

e. Operation of the flow indicator.

Any confusion or unusual hesitancy about making
this inter-comm report may indicate anoxia, and should
be investigated without delay. It is suggested that the
oxygen check be conducted at intervals as follows:

10,000 to 20,000 feet—not more than 15 minutes.
20,000 to 25,000 feet—not more than 10 minutes.
Above 25,000 feet—not more than 5 minutes.

At appropriate intervals, the crew member conduct-
ing the check should estimate from successive gage
readings the approximate duration of the oxygen sup-
ply at each station, and should anticipate relief proce-
dures in the event that the estimated supply should
prove inadequate. Estimations will be simplified by the
use of the chart in figure 6-5.

3-75. AFTER EACH FLIGHT. If you have used the
emergency valve, be sure that it is turned off before
you leave the airplane. If you have had any difficulties
with the oxygen equipment, report them on AAF Form
No. 1-A. Report any instances of anoxia to the Flight
Surgeon and to the Personal Equipment Officer. Take
your mask with you. Wipe out any excess moisture and
see that the mask is stored in a clean, dry place, where
it will not be exposed to excessive heat. Wash the
mask occasionally with pure soap and warm water. Be
sure that you rinse off all the soap with clean water.
If a microphone is installed, you can cover it with a
sheet of rubber or some other waterproof material while
you wash the mask.

SECTION IV
THE PRESSURE-DEMAND SYSTEM

4-1. WHY YOU NEED PRESSURE-DEMAND
EQUIPMENT AT VERY HIGH ALTITUDES

4-2. When you are using the conventional demand
oxygen system described in section III, the pressure in
your lungs is at all times very nearly the same as the
pressure of the atmosphere outside your body. Although
this pressure decreases constantly as you ascend, your
demand equipment will nevertheless provide you with
a concentration of oxygen entirely adequate for any

reasonable activity up to an altitude of about 35,000
feet. (See figure 1-2.) Between 35,000 and 40,000 feet,
because of the declining pressure of the oxygen in your
lungs, there will be some reduction in the oxygen load
of your blood. Still, if you are relatively quiet and if
your mask is free from leakage, you are in no danger
of serious anoxia. Above 40,000 feet, however, as the
oxygen load of the blood continues to decline with the
decreasing pressure, anoxia becomes more and more
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Figure 4-1. Parts of a Pressure-Demand System
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severe. Forty thousand feet is therefore considered to
be the absolute ceiling for the use of conventional
demand equipment. '

4-3. There are two ways in which you can maintain
an adequate oxygen intake even above 40,000 feet. One
is by means of a pressurized cabin or a pressurized suit,
which will provide a relatively high pressure both inside
and outside your body. The other is by means of a pres-
sure-demand oxygen system, which supplies oxygen to
your lungs at a pressure slightly higher than that out-
side your body. Because you can stand only a limited
excess of internal pressure, the effective range of pres-
sure-demand equipment is also limited. It may be used
safely up to about 42,000 feet, and for emergency pur-
poses up to 45,000 feet. In pressurized aircraft, pres-
sure-demand equipment may be used up to 50,000 feet
for very short periods.

Note

The installation and use of pressure-demand
equipment is authorized only in certain spe-
cific aircraft types. The equipment should not
be requisitioned without specific authority.

4-4, GENERAL CHARACTERISTICS. (See figure
4-1.)

4-5. The regulator and the mask are the only features
of pressure-demand oxygen apparatus which differ from
the conventional demand system. Even these items work
in the same way as do the corresponding parts of a
demand system, and are used in the same way until
the flyer himself places the positive pressure mechanism
in operation.

4-6. THE PRESSURE-DEMAND REGULATOR, TYPE
A-14.

4-7. DESCRIPTION. The type A-14 pressure-demand
regulator (figures 4-2 and 4-3) is essentially similar to
the Aro design A-12A regulator, except that the dia-
phragm can be depressed by an adjustable spring. The
spring is adjusted by means of a pressure control knob
which turns a dial on the face of the regulator. With
the pressure control knob set on “NORMAL,” the
regulator works in exactly the same way as the Aro

Figure 4-2. Type A-14 Pressure-Demand Regulator
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A-12A. Turning the knob clockwise results in a steady
flow of oxygen from the demand valve. This flow con-
tinues until sufficient pressure is created inside the
mask and regulator to oppose the tension of the spring
against the diaphragm, and thus to close the demand
valve. Table II shows the pressures which are produced
in your oxygen mask and in your lungs at various set-
tings of the regulator dial.

TABLE 1l
Dial setting Approximate pressure delivered
NORMAL 0807 i, Same as ambient pressure
oY 2 28 Ty R e R e B e 2 mm Hg (0.04 psi)
L 2 e LN 8 mm Hg (0.15 psi)
& G TRt \ (AR CN 11 mm Hg (0.21 psi)
AR ot S N S 15 mm Hg (0.29 psi)
ABONVESSON e TN 22 mm Hg (0.43 psi)

Note: 41M means 41,000 feet, etc.

4-8. OPERATING INSTRUCTIONS FOR NORMAL
CONDITIONS.

4-9. UP TO 30,000 FEET. Set both the pressure con-
trol knob and the diluter lever at “NORMAL.” Use
the regulator exactly as you would a conventional
demand regulator (refer to paragraph 3-4).

4-10. BETWEEN 30,000 AND 40,000 FEET. Set the
dial at “SAFETY.” (See figure 4-4.) This supplies oxy-
gen to your mask at a pressure very slightly above that
of the outside air. While this pressure is not absolutely
necessary, most flyers feel that it gives them a measure
of protection against leakage of air into the mask:
4-11. AT 40,000 FEET AND ABOVE. Use the fol-
lowing dial settings:

Altitude Dial setting
40,000 feet .......... 41M
41,000 feet .......... 41M
42,000 feet .......%.. 43M
43,000 feet .....g00 43M
44.000 feet .. ST 45M
45,000 feet ... 0ns . 45M
Above 45,000 feet . .. .. 45M ABOVE (for emergency

use only)

Note

Advance the dial first; then go up. Don’t delay

making the dial adjustment until you have

reached the altitude.
4-12. EMERGENCY OPERATION. The A-14 regu-
lator has no special emergency valve. The pressure con-
trol knob can be used, however, to obtain an increased
flow of oxygen. This is useful in the event of serious
and uncorrectable mask leakage, but it should be done
with caution under other circumstances.

{ CAUTION

When the use of oxygen is discontinued, be
sure that the regulator dial is set at “NOR-
MAL.”
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E GOES IN

GOES IN
TO MASK  HERE

GOES TO
MASK

Fig. A. A-14 Regulator During Inhalation at Sea Level
Oxygen valve is closed; air valve is open, and you breathe

Figure B. Regulator During Inhalation at 34,000 Feet

Air valve is closed; oxygen valve is open, and you breathe
100% oxygen.

air only.
EGOES IN

WGOES T0
MASK

OXYGEN

Figure C. Regulator During Inhalation With Pressure
Breathing

Spring presses down on diaphragm, opening demand valve,
and forcing oxygen into the mask under pressure.

Figure D. Regulator During Exhalation With Pressure
Breathing
As you exhale you momentarily raise the pressure in the
mask above the oxygen supply pressure, forcing the
diaphragm up against the spring tension. The demand valve
closes and no oxygen flows.

Figure 4-3. Normal Operation of A-14 Regulator (A, B, C, & D)
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40,000 ~

30,000 -

#

BETWEEN 30,000
and 40,000 turn DIAL
to “SAFETY"

THIS ADDS ENOUGH PRESSURE TO
OVERCOME MASK-LEAKS. IT IS

ADDED INSURANCE!

Figure 4-4. Use of Safety Setting

4-13. PRESSURE-DEMAND MASKS.

4-14. GENERAL CHARACTERISTICS AND OPERA-
TION. A pressure-demand mask is different from a
conventional demand mask in that it will hold a pres-
sure in excess of ambient pressure. This requires three

features (figure 4-5) which are not found in the demand
mask:

a. A flap or curtain of rubber (1), forming a ring
around the inside of the mask. This flap or curtain is
the part that is in contact with your skin when you are
wearing the mask. It helps to prevent the escape of
oxygen.

b. Check valves (2) which keep the oxygen inlets
closed while you exhale.

c. A “compensated” type of exhalation valve (3) in
the floor of the mask, which opens only at a pressure
slightly in excess of that within the mask tubing. The
housing of the exhalation valve forms a tube (4) at the
bottom, which extends downward through a hole in the
floor of the mask into the oxygen inlet tube (5).
Through this tube, the incoming oxygen exerts its
delivery pressure upon the lower side of the compensat-
ing diaphragm (6). This pressure keeps the exhalation
valve closed until a slightly greater pressure, produced
by the act of exhalation, is brought to bear upon the
upper surface of the main diaphragm (7). The valve
then opens, and the exhaled air leaves the mask through
the expiratory port (8).

Note

While pressure-demand masks are designed
especially for use with the pressure-demand
regulator, they may also be used with Aro

design A-12 or A-12A regulators. When so
used (that is, without pressure breathing),
however, the pressure-demand masks will not
raise your ceiling above that with the demand
system. Pioneer design A-12 regulators are
not suitable for use with pressure-demand
masks unless the exahalation valve in the mask
is replaced by an A-14 mask type of outlet
valve. Under no circumstances should the
emergency valve of any demand regulator be
opened while a pressure-demand mask is being
worn. This might rupture the diaphragm of
the regulator.

4-15. TYPES. Two types of pressure-demand -masks
are in use: the A-13 and the A-13A. (See figure 4-6.)
These differ only in details of design and suspension.
Size distribution at present is about 6 percent large, 50
percent medium, and 44 percent small.

4-16. HOW TO CHECK YOUR PRESSURE-
DEMAND MASK.

4-17. GENERAL CHECK. See that all parts of the
mask are securely in place. Make sure that the inlet
check valves are properly installed. (See figure 4-5.)
If you are going to be exposed to extreme cold, see
that the inlet check valves are covered with plastic
shields, with the arrows pointing downward so that
moisture cannot drain into the valves. For temperatures
below -10° F, your mask should be provided with an
electric heater.

4-18. SUCTION TEST. Put on your helmet and
goggles, and strap the mask securely into place. (See
figure 4-7.) Close the end of the mask tube with the
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IF THESE INLET CHECK VALVES
ARE NOT SET INTO PLACE

REGULATOR PROPERLY, THE MASK WILL NOT
WORK.
=> EXHALED
BREATH

=) OXYGEN FROM

OPERATION OF
THE PRESSURE

COMPENSATED
VALVE
EXHALATION PRESSURE INHALATION PRESSURE
INTERIOR OF MASK INTERIOR OF MASK
. INLET PRESSURE ATMOSPHERIC PRESSURE

‘ A INHALATION

The inlet pressure is greater than the pressure inside
the mask during inhalation. The compensating diaphragm
6 is pushed up against the main diaphragm 7 , closing
the exhalation valve.

B PAUSE BETWEEN INHALATION AND EXHALATION

The inlet pressure and the pressure inside the mask
are momentarily equal. The valve remains closed.

€ EXHALATION

The pressure inside the mask momentarily increases
slightly above the inlet pressure, so that the main dia- W |
phragm and the compensating diaphragm are pushed c
down, permitting the exhaled breath to pass through ) b: EXHALATION
the valve and the outlet.

Figure 4-5. Operation of the Pressure-Demand Mask
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4.013-D. AML.

Figure 4-6. Type A-13 Pressure-Demand Oxygen
Mask

palm of your hand, and inhale gently. This should
cause the mask to be sucked tightly to your face. If the
mask appears to fit properly but still leaks air when
this test is applied, the exhalation valve is at fault.
Either it is not inserted properly, or it is defective and
should be replaced.

4-19. PRESSURE TEST FOR INLET CHECK
VALVES. Connect the mask to the regulator tubing.
If you now find it impossible to exhale, the inlet check
valves are obstructed, are defective, or are improperly
inserted.

4-20. PRESSURE TEST FOR EXHALATION VALVE.
With the mask still connected to the regulator, turn

NO BARE SKIN
BETWEEN GOGGLES
AND MASK

* ADJUST MASK

LINE FOR UPPER ~---------- P s -
WEBBING STRAP
(ADJUST SNAP FASTENERS

IN RELATION TO THIS LINE)

Figure 4-7. Adjustment of Type A-13 Pressure-
Demand Mask
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the pressure control knob to the dial setting “43M.”
Now take a deep breath and hold it. The oxygen should
stop flowing. If the mask appears to be properly fitted,
but the oxygen nevertheless continues to flow, the
exhalation valve is not holding pressure and should
be replaced.

Note
At temperatures below -10° F, freezing may
occur in the inlet check valves. This impairs
the operation of the exhalation valve. In most
cases where the exhalation valve is blocked,
the fault will be found in the inlet check
valves., See paragraph 4-17.

4-21. HOW TO REDUCE MASK DISCOMFORT.

4-22. For the higher pressures the mask must be held
very firmly against your face. This may result in some
discomfort, especially on the bridge of your nose. This
discomfort may be reduced in several ways:

a. Do not tighten the mask more than is necessary
to hold pressure. The tension on the straps should be
just enough to overbalance the pressure inside the
mask.

b. Trim the cheek flaps properly. Do not let them
jam against the edges of the helmet, because this
counteracts the strap tension and makes it necessary to
draw the mask even more tightly against your nose.

c. With a pressure-demand mask, you may be some-
what annoyed by the strap which lies across your upper
lip. It is common experience that this annoyance is
soon forgotten. The strap prevents the rubber flap ring
from being blown inside out and causing leakage. If the
annoyance persists, you can cut the strap out, but
remember that this reduces the pressure capacity of the
mask by at least 10 percent.

4-23. PORTABLE EQUIPMENT.

4-24. Pressure-demand portable units are under devel-
opment, but at present only demand type portable
equipment is in use.

I WARNING

Do not attempt to use demand portable equip-
ment above 40,000 feet. These units will not
provide positive pressure, which is necessary
at such altitudes.

4-25. USE OF PRESSURE-DEMAND EQUIPMENT
IN PRESSURIZED AIRCRAFT.

4-26. In pressurized fighter aircraft flying at altitudes
above 40,000 feet, the cabin altitude will usually be
such as to require the routine use of oxygen. If the
cabin pressure fails or is lost:

a. Set the regulator dial for the indicated altitude
of the airplane.
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b. Tighten the mask suspension enough to hold the
pressure.

c. If you are above 42,000 feet, descend to this or to
a lower altitude.

4-27. FLYER'S CHECK LIST FOR PRESSURE-
DEMAND EQUIPMENT.

4-28. BEFORE TAKE-OFF. Know the oxygen system.
Be sure that you are familiar with the oxygen installa-
tion in the particular airplane in which you are going
to fly. Know where to go and what to do in an emer-
gency that deprives you of your normal source of oxy-
gen. Then check each item of equipment as outlined
following. To make sure that you have covered each
point, remember the name, P. McCRIPE, and take each
letter in order. (Except as noted, the check is the same
as that given in paragraph 3-65 for the demand system.)

P RESSURE GAGE.

M ASK. Same as the demand mask check, and in
addition, the pressure tests described in paragraph 4-16.

¢ ONNECTION AT MASK.
C ONNECTION AT REGULATOR.

R EGULATOR. With your mask disconnected, and
and with the dust cap open, set the regulator dial at
“SAFETY.” A slight but steady flow of oxygen should

Section IV—V
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result. Higher settings should increase the flow. Turn
the dial back to “NORMAL.” The flow of oxygen
should cease. Leave the dial at “NORMAL” until you
need to use it. Before take-off the diluter should also
be set at “NORMAL.” The blow-back test for a leaky
diaphragm or check valve may be used with the A-14
regulator as described in paragraph 3-39.

I NDICATOR.
P ORTABLE UNIT.
E MERGENCY CYLINDER.

4-29. DURING FLIGHT. Follow instructions given
in paragraph 3-74. In addition, on the regular inter-
comm oxygen check, each crew member should report
the setting of his regulator dial, whether or not posi-
tive pressure is being used. When the use of oxygen is
discontinued, set the regulator dial at “NORMAL.”

4-30. AFTER EACH FLIGHT. Follow instructions
given in paragraph 3-75, except that the regulator dial
must be set at “NORMAL” before you leave the air-
plane. Keep your pressure-demand mask in a clean, dry
container when you are not using it to protect it from
dirt particles. Dirt particles interfere seriously with the
operation of the mask when they get stuck in the inlet
check valves.

SECTION V
CONTINUOUS-FLOW SYSTEMS

5-1. GENERAL CHARACTERISTICS. (See figure
5-1.)

5-2. Although continuous-flow equipment has practi-
cally disappeared from combat aircraft, it is still used in
a few training and patrol airplanes. It is used regularly
in aircraft engaged in the transportation of troops and
cargo, and in air evacuation. The main reason for its
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