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/ CL This publication contains a teaching guide and
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sxercises. A bibliograply and glossary of terms _are provided.to aid, o
both teacher and studsnts. The course includes information on . .
organizational and field maintenance of aircraft pressurization, air |
<conditioning, and air starter, systems, and life raft inflation
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{contained in this document) is composed of nine lessons requiring
__114.5 hours of ipstruction, Topics covered are the following: gaseous
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O - MILITARY CURRICULLM MATERTALS -

i : ) : The mhtary»developed curnwlun materials in this course
‘package were selected by the National Center for\Research in

S 4 _vomumal. Education Ma.h+ary Qurriculum Project for dissem-

¥ . iration to the six regionai Curriculum Coordination Centers and

. . other instructional materials agenc.les. The purpose of

i dxssemnatmg these ourses was to make curriculum materials

* [7 . Geveloped by the. military more,accessible to vocatimaI '

' . . educators- in the ca.v:Lllan sett.mg.

L - LT 'mecoursemterialswereacqmred evaluatedbypmject
- . staff and practitioners in the field, and prepared for
'«  dissemination. Materials vhich were specific'to the military
- werpdeleted copyngtrtednaterialsmreeithercm.ttedorappm— .

: val for their use‘was obtained. These. packages contain

. - . curriculum resource ‘materials which can be to support .
T ¢ .. wvocational instruction and curriculum development. . '
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The National- Center for Research in -
- Vocational Education’s mission is to increase

the ability of diverse agencies, institutions, . ‘s ‘

and .organizatiofis to soive educational prob- : ‘ .- . .

)

. ‘lems relating td individual carger planning,
preparation, and progression. The National _ R : ' 1
‘Center-fulfills its mission by: . ; ’ ‘ T
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o Generating kwledge through research

¢ Developing educational'programs and . ’ ' i
) products : - L

L]

¢ Evaluating individual prog
and outcomes

n;m Reeds’

*

. _ oy

* Installing educational programs and - M
products . Co L . i

* Operating in formation systems and R
services i . ‘ ) X i N
\ .
*_ Conducting leadership development and -
training programs :

FOR FURTHER INFORMATION ABOUT .
Militacy Curriculym Materials / ’
. WRITE OR CALL .

Program Information Office )
The National Center for Résearch in Vocational.

F
: § . . Education . ‘
e 4 The Ohio State University

1960 Kenny Read, Columbus, Ohio 43210 »
Telephone: §14/486-3655 or Toll Free 800/ : .
- 848-4816 within the continental US. - : ‘ ‘
{except Ohio) . . - . ’
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; Cumculum Matenals
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.DisseminationlIs ... -

an actnhty to mcrease the acwssnbnllty of
ilitary-developed curriculum materials to
-~ yocaticnal and technical educators.
This pioject, funded by the U.S. Office of
Education, includes the identification and
acquisition of curriculum materials in pNnt
form from the Coast Guard, Air Force,
Arniy, Marine Corps and Navy. -

Access to military curriculun: maerials is
provided through a “Joint Memorandum of
- Understanding’®* between the U.S. Office of

-
The acquirrd materizls are reviewed by staff
and subject matter specialists, and courses
deemed applicablt to vocational and ‘ech-
nical education are selected for dissemination.

The National Center for Research in-
. Vodational Education is the U.S. Office of
- &ducation’s 'designated representative to
~* 3cquire the materials,and conduct the pyoject
aglivities,

H ; ’
Project Staff: e ‘

* Wesley E. Budke, Ph.D., Director
Natinnil Center Clearinghouse

Shir'ey A. Chase, Ph.D. .
Prbject Durpctor ‘ ‘. .
Q

. manuals
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‘What Materials

Are Avaulable"
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One hundred twenty courses on microfiche
(thirteen in paper form) and descriptions of’
each have been provided, to the vocational
«Curriculum Coordinatio nters and other
instrL ctaonal materials agencnes for dl‘.‘»semn-
nation. © . .

Course materials include programmed
instruction, curriculum outlines, Jnstructor
guidés, student workbooks apd technieal

~ .

The 120 courses represent’the- following

Bducation and the Department of Defense. \\ilxteen vocational-subject areas:

Agriculture Food Service
Aviation Health .
Building & "Heating & Air
Con.trdction (.onditioning
Trades Machine Shop .
. Clerical Management &
Otcupations Supervision
, Communications  Meteorology &
Drafting Navigatien _
Elggtronics Photography
Engine Mechanics  Public Service

The number of courses and thé stbject areas
represented will expand as additional mate-
rials with applicdtion to vocational and
technical educatno\‘u are identified and sclected

fog dissemination. \ .
. N ‘
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‘How Can These - - .

Materials Be 0btamed’> :
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Contact the Curriculum Coordination Center’
in your region for information on obtaining
materials (e.g., availability, and cost). The -
will respond to your request directly or refer
you to an mstructlonal materials agency g
closer to you. “\ . ‘s

. . . -

CURRICULUM CQORDINATION CENTERS

-~

EASTCENTRAL ,  NGRTHWEST
Rebegca S. Dougfass William Daniels
Director Director - .
400 North First Street  Building 17 ‘

Springfield, IL 82777

225 West State & 'eet
Trenton, NJ 08625
603/292-6562

fo

-

Airdustrial Patk

" 217/782.0759 ‘O'ympia, WA 98504 N
‘ "\ 206/753.0879 ‘ o
MIDWEST SOUTHEAST
. Robert Patton - James F. Shill, Ph.D.
Director Director
1515 West Sixth Ave. Mississippi State Univérsity
Stillwater, OK 74704 Drawer DX
405/377-2000 .Mississippi State, MS 39762
. 60148252510 ,- ,
NORTHEAS? . WESTERN
Joseph P Kelly, Ph.D.  Lawrenée.F. H. Zane, Ph.D. »
Director Director*

1776 University Ave. *
Honolu!u H) 96822
808/948- 7834
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“ Course Desé;iption - ! .. ' P . .
»#Phe instructional design for this course is self-paced and/or small group paced. Thig )
’2/// course trains pergonnel to perform duties as an Aircraft Environmental Systems Mechanic. = . |
"Tt includes ofganizational and field maintenance of aircraft pressurization,.gir conditioning,
and. air starter systems, and life raft’ inflation equipment. 4

o

Block T -~ Fu\Eamen*als contains 24 lessons requiriag 5'hours of instruction.
s “These are.//SEfety, dircraft familiarizatidn; physics; electron theory,
- . magnetism, DC gener&tion and basic circuit symbols and terms; wiring
. diagram fundamentals; eontrol and’ protective devices' multimeter; Kirchoff's
. " current law; Kirchoff's voltage law; Ohm's law; ‘series circuits; parallel
C e circuits; series-parallel edircuits;.switching circuits; DC motors and
* ' coatrol circuit; temperature control‘circuits, alternating current;
capacitance; irductanece; AC motots and contrpl circuits; solid state-
\ devzcés magnetic amplifier;q and trainer aircraft air conditioning system.
. !
: ( Blgck II1- -+ Afr Conditioning Systems consists of 8 lessons convering b24 hours of
v ’ instruction. T€se are: fighter cabin air cogditioning system; rain
removal system, equipment ai} conditioning system; temperature ‘control
; system tester; -bomber air conditioning” system; 'decade resistor functicas and
windshield ampliliier bench check; cargo bleed air and anti-icing system; , _

and cargo air conditioning system. . . . - ¢ iizi

<
[

- 4 > o
™ Block I11 - Aircrafit Environmental Systems Units contains 13 lessonsvcovexing 102
s 4 hours of imstruction. These.are the following: tools, hardware,*safetyin%b
’ devices, and Wire repair; maintenance @f moisture. separators; maintenance
p ‘of bleed air distribution ducting; airoturbine motor madintenance; turbine
refrigeration devices; advanced fighter/bomber air sdurce control system;
% advanced fighter/bomber air conditioning system; advanced fighter/bomber .
. "windshield clearing system; maintenance of air control units; anti-G Co-
/ . Muit system; canopy seal system, pressurization systems' and cabin p’essure
leakage check\ . , _

- . . "

Block IV =~ - Utility Aystems and Flight Line Maintenance consists of § lessons requiring
114.5 hours of instruction. These" lessons are entitled:' gaseous 02 systems;
R i&h 2 systems; lf d refrigeration systems and domponehts; inspegtion
‘wmaiYfenance of 0, systems (liquid); cryotainer Systems maintenancej liferaft
. inflation equipment, fire extinguisher system maintenance; flight line
maintenance ~ inspections; and fiight line maintenancé; removal and
repiacement of system components. v

This course contains both teacher and student materials. Printed instructor maferials .

‘4 include plans of instruction detailing training equipment:needed, ®raining methods,
" multiple instructor requirements: and \instructional guidance. The student material
* includes workbook, and programmed texts with review exercises. A bibliography and

-

In Blocks I and III, lessons on Orienta ion, Security, Progressiom in Career Field,
Mafntenance Management, and the Technical Order Publications Systems have been -
deleted because of military' specific materials. N
J .. ¢ R ) . . [ ‘
o . . - : /

.
N .
- . . - . L] »
N \ L3 9 ’
R B

|
|
{ ~ glossary of terms have been provided to aid both the instrucﬁpr and the student..
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- 2639 - ' " FOREWORD
;}5 programmed text was prepared for use in the 3ABR42331 ;
*  fantructional system. The materials contained herein have been ‘ ‘;) i

valiiited using students enrolled in the 3ABR42331 course. Ninety

perceint of the students taking this text have either achieved or )
surpassed the criteria called for in the lesson objective. The ' .
- verage student required 1.5 hours to complete “his text. . :

( . .

: o~ - ) .
. , e OBJECTIVES® , : )
. ' &« To help you understand the operation of \the components and the
oo necessity of the oxygen system, this programmed text covers the-physio-

- -logical effects of an oxygen deficiency. In addition, safety_in
'§5 handling oxygen equipment is also covered. You will be required to. : -
accomplish the following objectives. .

. 1. . Select without error, safety precautions pertaining to the
use and handling of gaseous oxygen.

’ “  INSTRUCTTONS " :
. This grogrammed text presents material in small steps cailed - " (’ o
e "frames." ‘After each frame you will find a number of statements - *

and you are asked to select the statement/s that are true. Read the
material in each frame before making a selection. The answers to each
frame can be founq at the topcof the next page. If you select the

; ‘correct answers, continue to the next .frame. If you are wrong or

in doubt, #ead the material again and' correct yourself before - ) .
continuing. . ., ‘ =y
. ' . . -~ o’
v . .
° . - L
3 ~ ) A} .
- . . >
- - . L) . -
v P ‘
A .
¢ i - - -
. . \ _ )

\ ’ ?
Supersedes 3ABR42331-PT-401, 25 August 1977.
"OPR: 3370 TCHTG ‘
_DISTRIBUTION: X

3370 -rcmc/rrcu-r - soo TTVSA - 1
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' ///' ‘ Frame 1
As the earth turngfgh ics axis and goes in a path around the sun,
it is forever accompanied by a gaseous sea of air called '"atmosphere.’
M2e lives at the bot'tom of this sea. Raise him a few miles from the
bottor and he suffers from internal pressures, becomes unconscious
¢r dies. Man cat live many days with no food, a few days with no ,
water, bu. only a few minutes with no air. The atmosrhere, a mixture
of gases, 1is made up of 21% oxygen, 782 nitrogen, and 1X other gases.
The.perceafage of this composition of air does not change with alti-
tude, Lowever, its density decreases fast with altitude. The air

. gets "thin"” because less pressure is applied as altitude “increases.

a -

Canopy7 o1 Atmosphere.

‘

Check the following statement/s that are true,

-

1. Without air, a man can 1liVe.only a few mlnutes. |

' ‘2. Twenty-one percent of the atmos; 'oxygen. S .
3. As altitude increases, pressure increases.

.

. 4. The same éomposiiion-of air ‘s Present at any altitude.

3. Air gets thin at higher altitudes because less pressure
is applie" to it. -




\

. N - ) _
" “Answers to Frame 1: 1. Yy 2. 3. /4, Yy 5.

Frame 2 )

. ~
Since man can not live in the "thin".air.at high altitude, the
aircraft cabin is pressurized to as near sea level as it can be.
This lets man go a little higher but not high enough. Changes in
pressure have an important effect on bymans, and at higher altitudes
a loss of pressure can cause the “bends." Oxygen equipment must be
used to stop this from hapfening. Also- think of what would happen .

" if pressurization was logt. We kncw that oxygen is required at

higher altitudes in ordér to live. TIhe typ2 of oxygen aviators need
must be free of .the other elemehts found in‘the air we breathe on
earth, such as dust, woisture, etc. .

v

.

T Y% pain from too great © pressure
BENDS decrease-nitrogen bubbles form
_ in your biocd and body fluids
A BOTTLE OF SODA, A DEEP-SEA DIVER AND YOU! -

3

~

~ AR - A S T IRREPRNNGSS N L - AN s T AT

M Y .
*IF DIVER IS BROUGHT =  FLYER ASCENDS TO
UP TOO QUICKLY- . VERY HIGH ALTITUDE. -

kA%

BOTTLE IS CAPPED
UNDER PRESSURE

P

k
| _\ 3 ¥
CARBON DIOXIDE FORMS NITROGEN BUBBLES FORM - DECREASED PRESSURE FORMS
BUBBLES WHEN UNCAPPED WITH SUDDEN PRESSURE DROP - BUBBLES -YOU HAYE “BENDS"

" L]

Complete the following statements by filling in the proper word.

1. At high altitudes a sudden drop in cabin pressure can
cause .

2. If cabin pressurization was lost-at high altitudes the flight

crew would need to survive.
3. Temperature and constantly“change during
flight. -
4
L4 N 1 3
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»Anuerl to Frame 2: 1.

3. gteésure

2632
o

bends

Frame 3
Oxygen is one of the most abundant substances® in“the world. As
previously stated, 212 of the air we breathe is oxygen. In its*free
state, oxygen is a gas with no odor, color, or taste buts is very active
chemically and will.combine with nearly all other elements. Atoms of
free oxygen usually combine ingtwos to form molecules, with the chemical
symbol O » .Oxygen is not ¢ tible but‘will readily\support combustion.

Gaseous oxysen can be changed to a liquid by a process of compression
and expansion.

Check the following stateuent/s that are true.
. \ ) . . ! ~

1. Twenty-one percent of the atmosphere is oxygen.
¢ .
2. The chemical symlyﬁ foi"gaseous oxygé,mlecule is 02.
i : 3.. . One oxygen atom usually makes an oxygen molecule. °
4. Oxygen is a gas thst is odorless, colorless, and tasteless.
5. . Oxygen will not support combustion.
’ !
6. Gaseous oxygen can be turned into a liquid. f <N
R . - . . | .
S/ |
. . {
* . AN . »
2 A - \ \ /
¢ —
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Answers to Frame 3:

Frame &

¥

— O/'

L4 J

1. /o2, 3,

4., - 5.% 6.

When too much of a loss of oxygen occurs in- the,human body and
the body tissue is permanently damaged, a person is said to be suffering
from anoxia. Anoxia is the absence of gxygen in the right quantity.

*This cordition fould be caused by an oxygen system that fdiled -or

h]

gome other gas that took the place of .the oxygen in a cloged in area.
With no oxygen, the iuman body stops its work in a few seconds. As
an environmental systems mechanic it will be your job to make sure

that the oxygen system is doing its job right. See the sketch for

. thebasic rules. in using oxygen..+ .

e

facx YOUR OXYOEN SUPPLY AND EQUPNENT
" .

42,000 #2CT

Moo FETT

Wik T e rvin STETER.

>

W A0 DEATH MEWARD
UNCOWSCIOUSE:
R o8 & 1o ATiTUOL,

M‘K" OLMI“
AT SIGHT USE OXYGEN
FROM THE GROUND UP

N\

Reter to the #llustration above to complete the following statements.
A

«

1. Without oxygen, unconaéiousness’and dqath will occur at

feet.

2. Without oxygen, day time efficiency is not affected but
night vision is subno at '

( 3.

A pressure-demand oxygen
efficiency at

’

feet.

tem is needed to operate at full
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THOUSAND 15 1045
m m v/_\ '.
, . 1 {with little or no woarningl}
2010 25 - o smss? .
THOUSAND 3 AT Y
pot MIN'S., ‘MORE PRONOUNCED WITH
X IMPAIRMENT OF JIDGMENT  #
. AND HIGH. SELF CONFIDENCE _
1510 18 W BFOR Y
THOUSAND HOUR PEN , POOR TION,
FeET SLEEPINESS, s,
PIREONAUTY CHANGES—AS IN A
MILD DRUNK-CYANOSIS (BLUING)
» ;101034 , T HEADACHE, FATIGUE,
THOUSA: 'D HOUKS - LISTLESSNESS [

' . .. 353'1/'/

Auswers to Frame 4: 1. 25,000 feet 2. 10,000 feet 3.” 42,000 feet

7
Frame 5 )
-~ : «’ a [
, We determined that anoxia 7/as permanent damage as a result of
inadequate oxygenation of the blood. Hypoxia is not enough oxygen
in the blood stream. T2 work normally, the body needs a well balanced
supply of oxygen all of the time. Hypdxia has various effects on the
human body at diffarent altitudes (see chart). Hypoxia is dangerous
because it creeps up on a person without ais knowing it. If a pilot

does not know the signs gf hypoxia, he will either crash the aircraft
or die from being stamd for oxygen. , \ :

symptoms of HYPOXIA!

~ LU

<344 IMMEDIATE .

" Check the follcwing statement/s that are true.
1. Hypoxia is a deficiency of oxygen in the blood.
2. The symptoms of hypoxia canuot be recognized.

3. At 35 to 40,000 fget, unconsciousness occurs with little
or no warning. ! )

4. The body'requires‘a balanced supply of oxygen. -

&

L 4
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"Answers tc Frame 5t J_1, 2.
) .

Frame 6

“e #ith anoxia and hypoxia w2 found the .body to be with no oxygen
or a deficienéy in oxygeon. _Going in the opposite direction,’ve find
that hyperventilation ig breathing too much which produces too much
oxygéﬁ in the body leading to an abnormal ioss of carbon dibxigk;:rom
the blood. The extreme signs of hyperventilation are 'muscular con-
tractions and ¢tomplete lgss of, body contrel. A person's body gets
stiff and he will "freeze." An example of hyperventilation would be,
a man who is running a foot race.' When he stops he w}ll,fegl dizezy,
-be btéa;hing-desply and his qu& will be partially out of control.

A pilot may experience hyperventilation frem getting %excited in an
emergency or from an attack by enmemy aircraft. It is possible that
he will "freeze" at the controls and crash. As a yule, hypexventila-
tion is mot serious and will pasg in a few minutes., . .

.

Check  the follawing'statemgnt/s that are true.

Vo, ’

» .o . 3 ) R
1. Hyperventilatiom is5 overbreathing. o

———

2., Hyperventilatige will kill in seconds like anoxia. g

s

g
4
!
,f
4
:

L

E 3 It's possible for a pilot to "freeze" at the controls from
hyperventilation. ’

* - -

4, Normally, hypervedtilation is not serious aﬂa wifl'éass.

AN
. .

5. Hypervéntilation is the opposite of anoxid.'
. ) ~N

£
* ~

- . . i

~




Ansvers to Frame 6: Y o1, 2. Y 3, /4, v/ S,

.0 ‘ . . Frame 7
. ‘,_

- . Aviators' breathing oxygen is made through a process called \'\
"distillation," where moisture and other impurities are taken tut

of the air as it is wirmed and cooled. Moisture is especially herm-
ful to oxygen systems because it will freeze at 32 degrees F and all
valves and regulators are then useless.. Aviators' oxygen ls refined
until It is 99.5% moisture free. Do ot substitute this with any
other axygen. Oxygen made for hospital use ls only 98% moisture
free and welding oxygen is about .70Z moisture free.

>

N . . . -
Testing Oxygen in Cylinder to Assire 99.5% Purity. -
Complet;'e ‘the following statements by,filling in the proper word.

1. Aviators' oxygen 1s 2 moisture free.

2. Moisture will, at 32°F, - in the oxygen ‘system
' components. , /

3. Aviators' oxygen 4s produced through a prorcess'cal‘lefl’

% moisture free. * .

N

¢ _4. . Hospital éxygen is only

- 9

.18
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Answers to Frame 7: 1. 99.5"% 2. freeze 3. distillation 4, 98

»

Frame 8

In the preceding frames we covered the physiological effects &f
oxygen defitiegey. Let's review thgs information now. Cirlle the.r-
letter of the dnswer that is correct for each of the following ¢

statements. . - .

’ \

! 10. "

1. Man can_livetqnly a few minutes with ro
a. air, i . -
, b. * food. ° a *
' " e, water. -
%},, The atmosphere is . Q
[ a. 782 oxygen. -
\\;-//) b. '78%rother gases. -
. c. 287 oxygen. -
] + d. ! 28X other gases.
3. At high alti:;des a sudden drop in pressurt can cause
. a. anoxia. : . ,
: - b. hypoxia. ) ‘
‘ c. bends. . ®
. N ‘ ’ R
‘ 4, - At 10,000.feet night vision is subnormal without
' a. nitrogen. .
b. oxygen. ' : :
pe *5, A deficiency of oxygen in the blood is called
a. anoxia, '
b. Thypoxia.
- ‘¢{ hyperventilationm. /
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hnowerg to Frame 8: ‘1,’! a2, ¢ 3. c 4. b 5.0 C.
. , . :
‘il - Frame 9

'

Gaseous oxrgen 1§ stored under high' pressure in cylinders made
of steal with no seams. They measure 8 1/2 inches by 51'inches. To
deternive the difference 1n aviators breathing oxygen from other gases,
the cylinders are painted a dark green color with a’3 inch band of .-,
vhite near the valve iend. To further identify these cylinders the
words "AVIATORS BREATHING OXYCEN" are stenciled on the cylinder in
block letters. All of these methods of identification are for ome
purpose:- to make sure that no other gas is put in an oxygen system.

CA?
/

. . &'A,
- TYPE AND
; MAXIMUM FILLING
4 PRESSURE AT 70°F . ‘ .
—— SERIAL NO
AF 'l s
6-33 e QUINQUENMIAL -
i TEST DATE \
, . (HYDROSTATIC)
. 2 GREEN
~ f
3 j WHITE
o ! GREEN A )
<
3 8 -
. . A
< = )
‘. ° 4
. ]
z A 4
as, z .
. % “&——T1—— NAME OF GAS
Y]
- a2
d ) "
N 3
) 0
'
<
¢ - .2
- v, .~

g

Check the following stdtement/s fthat are true.

7 .
1. To distinguish aviators' oxyger from other gases, the
cylinders are painted green. ‘ -

4

Gaseous oxvgen is stored undér high pressure.

3. A 3-inch white band is painted around the bottcm of each
cylinder. : .

.
.

-

1i




Frame 9 (Conttnued)

?

- T S SU UM -
<

»

The words AVIATORS BREATHIVG OY\GEN is stanciled on each

cylinder.

All cylinder identification is to make sure that n® other

~
N

-

gas is put in an oxygen system.

. \.
Gaseous oxygeu cylinders are made of seamless steel.

L1
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- i ' a“ - et Frm 10
> 8gid before, the gaseous oxygen cylinder is made of steel with
+»n0 seams. The control valve on the cylinder is hand wheel dperated X
. and the outlets are set at 90 degree angles to the cylinders (sce . E
below). This is to stop the rocket action of the cylinder 1f the s
_valve should be opened ‘accidentally or £f the. rupture disc (safety '
j disc) blows out. The rupture.disc is a thin piece of gold plated .
steel vhich will not corrode and become weak, .Tle disc is designed o
.to blow out if thermal expausion raises the cylinder pressure above’
2200 psi. The “valve out}et"ihreada are designed so that other gas .
" evlinders camnnot be comnecfed to oxygen ‘recharging equipint. The
‘type of gas (oxygen) the -yalve was designed for is stamped on che
side of the valve. A metal cap is gerewed on over the valve during
g or shipment to protect it (see cap in frame §). Never vse 1
ol} orkgrease gn oxygen valves or L?1tt;1ugs. 1 ~ ’
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+ Frame 10'(COntinued) - :‘. T
Select, by placing a checkmark 'in the blank, those items il.. )
are sifety factovrs. 0 ' '
- * - ‘ )

1. To prevent rocketing, the vhlve outlets are at 90° angles '
‘to the cylinder. e . . .

. -

2. The oxygen ~alve contains a gold:plated rupture d:lsc. .

v
” -

3\ 7 Other gas cylindf}a .can be' 'conn'ecfe,d ro ox'ygen recharging .
equipment. . L - ) .
- 4., “ The rupture disc is designed to take care ~0f thermal \

2 . expansien in the cylinder.
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Answers to Fréme 10:
T, ‘ , Frame 11
ot 4 . 3 . . ’ N -

The Iaterastate Commerce Commission (ICC) requires that all-high
pressure compressed- gas cylinders be given ‘a hydrostatic test onmce
in bvery five years ‘(quinquennially). The test pregssuge‘used must
.be 5/3 times the .:orking pressure of the cylinder. mum service
pressure-for oxygen storage cylinders is 2015 psi; therefore the
cylinders are subjected to a total pressyre of 3400 psi. This test
is made.up of water being forced under high pressure in the cylinders

the water displaced by the expsns:l.on is marked. When the.pressure is
ldt out the water level should go back to the starting point. ‘If 4t
' does not, the cylinder has stretched permanently and must bd rejected.

The t test date is ‘stamped on the neck of the czlinder "(see frame 9)

Check the following staLement/s that "are true. ¢

-

A hydrostatic test is performed on all high pressure
coupressed gas cylinders Quinquennislly. .
)
During the hydrostatic teet the water level of the water
' .tank should go back to the starting level vhen the Jpressure
in the gas cylinder is released.

'l'he hydroststic test p essure yged :I.n a compressed ‘gas

N cylinder must' be 5/3 tizes t:'he work:l.ng pressure of the
cylinder. '
- "*\4 .
L Y
. -
¢

to, stretch it slightly.’ 'fhe cylinder being tested is put in water and..

g
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'Answers to Frame 11: /1. /2.

18]

Frame 12

While you are in the Air Force, you will be going:to a number
of safety briefings, léctures, and movies to point out the .hazards
and safety precautions you should take while working -on the flight
line. The Air Force spends a lot of man-hours each month to make _
yoa "think" safety. In your job, you will be working with oxygen °
which requires that you use safety each and every day, on all jobs.
In the following frames safety precautions peculiar to  gaseous oxygen ~
will be covered. You will be requi:ed to know these safety precau-
tions 80 you can select .them from a list of safety precautions
without any error. You must be able to apply them without looking

them up. . . . . -

— L)
’ . z ) -
! ) Y
; .
- ’ » ‘ } ‘1
' o 4
T ,’ - EY
/‘ ‘?. I ! el .
C e THe s .
'Y -~ ’S datpt’ ) $§

SAFETY PRECAVYI

NO RESPONSE REQUIRED

: \

.16 -
25
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' _ . ‘ Frame 13 -
J One of ‘the most iuportant safety ruleg that you should know sbout
| oxygen is that it makes Jther materisls burn very fast. In othex °  °
I’ words, it supports combustion. This characteristic, in'addition to
tae fact that oxygen is handled -under pressure in excess i 2000 psi,’ ‘
gives just cause for strict adherence to all safety rulés. This . .
text will go over some of the basic rules, , ' . . K , v
. -9 :

»

aréi vhere oxygen cylinders are \stored should be an venti-
lated to prevent a-harmful a lation or explogive concentration

of gas., [

This is Not ‘a Bomb Explosion. -0
Check the following statement/s that are true. 7

——1. Oxygen makes other materials burn rapidly.

2. High gres'surJe gas of any kind is a hazard.

———3. _ Oxygen shoﬂ& not be allowéd to accumulate in a confined
aTea. 2 .
4. Ozxygen itself does not burn but ‘supports combustion.

\

) 17
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o ‘Answers to Frame 13:7 Y o /a3y 4.
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' Frame 14

e

When storing oxygen cylinders, they should be protected from ‘
extrems temperatures. They -should at no time be stored closer than
50 feet to highly flammable materials. Oxygen cylinders should also
be ‘kept from all other gases in stovdge. Explosions and fires have
begen the result of mistaking oxygen for otMer gases that are used
for fuel cell purging, putting air in tires, etec. So remember,

never mix oxygen with petroleum base products; "you may not be here
to tell about {t."

{

- - -
w
-
» ey
e T mntreg——
-~
- —— g
- — > ¢
e

vxygen cylinders shouLﬁ be protected from high temperatures.
0-vgen and pgfrbieum ﬁaaé‘producta m'st not be mixed, )
Oxygen and other gases should be separated during storage.

Oxygen should be stored at least 50 feet from flammable
materials.

Oxygen can Le mistaken for other gases.

SR
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» Anln\'l to l'rm 14.

" body if oxygen is directed into tHe mouth or ears.

26%6

_ 1. Y2, /3 Ao

v/ 5.
Frame 15

ok

Oxygen cylinders should be handled with care. If the cylinder
control valve is actidentally broken off, the cylinder will become a
"rocket." Damaged cylinders are also subjec-. to explosion. Do not
open the control valve with the outlet pointing at you or anyone else
becsuse the high pressure gas will cut your” skin or destroy, your
eyesight. It is also possible to\ rupture the internal orgaﬁs of your
The hand wheel
on the valve should be operated by hand only. .

- e & — —_— R

- § Check the safety precautiohs.

1. All oxygen cylinders should be handled with care. hal

’
2.. When opening the cylinder control valve, it should be pointed

awvay from you.
» o

*
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Answers to Frame 15:

$rane 16

, When working near oxygen, all tools, clothes, and equipment must
be kept frée of grease and oil. Spontaneous combustion may take place
vhen oil and oxygen mix. More dangerous than spontaneous combustion
is the use of oxygen near a fire or equipment that will.mske a spark.
Smoking near an oxygen area is'a sure way to get biown up. Do not
smoke right after being in an oxygen ardh or after servicing an
,ajrcraft because your clothes may have some oxygen trapped in them. .
Allow a few minutes for your clothes tc air out.

I, 1
p o T T T W T c - - ST

-
’

LAY
Check the safety preéautions.

1. Smoking in an oxygen area is a dangeréus practice.

2s Hhen working around ox, gen, clothes, tools, and equipment
gust be free of oil and grease.

/ | _ ‘

%

20
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Frame 17

Answers to Frame 16: 1. o/ 2.

m

Let's rnview some of the safety precautions that were covered in
the psst three frames. If you did not answer this frame correctly
go back and reread the past three frames. In safety there is no

room for ertor.

Check the gaseous oxygen safety precautions.

A ]

l. Oxygen qlindei’s should be hapd.led with care. \

2. Wear t! correct protective ‘clothing (face snield, neoprene
apron, non-absomﬁ when handling the oxygen
cylinders.

. 3. . Oxygen cylinders should be protected against high temperatures.

4. Do .not smcke vhere okygen is being used.
5. Select the proper topl for the job.
6. Do not inixvoxy‘gen with petroleum base products.

N\ _17. Oxygen shuald be stored at least 50 feet from flammable
materials. ,

8. The control valve of an oxygen cylinder should be pointed
avay from you when it is opened.

9. Proper ear protection must be vorn when servicing the aircraft.

-
-
’ -

£y
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Answers to Frame 17: _J/_ 1. 2. _ Y 3. _/ 4. 5. _/_6.
hm 1’ . '} / 7. / 8. 9‘
Before servicing an aircraft with oxygen, it should be "grounded."
Alrcraft build up static electricity during flight and could cause a
.spark when touched with the oxygen equipment. A proper ground wire , -°
will eliminate this. No power should be on the aircraft during )
~servicing and the external power unit should be moved ocut’ of the -
area, - .
s Y S -
' " LCheck the oxygen safety precautions. $
. ! ¢ '
, 1. The aircraft should be grounded before it 1s serviced with
oxygen. . .

2. When servicing the aiicraft’'with gaseous oxygen, wear
protective clothing.

3. No power should be on the aircraft during servicing,

-




. predsure.
450 PSI), Im

1.

2.

Answers to Frame 18: -

2650

Frame 19

As previously stated, oxygen is stored in cylinders under high'

F'RESSURE
REDUCER
HANDLE

LINE

PRESSURE  PRESSURE

CYLINDER

Check the oxygen safety precautions.

.

&

Low pressure gaseous oxygen pressure is 650 psi.

Y

N

-

A preésure reducer is requi
oxygen system.

N

.
., -

’

5o 3
“'ﬂl AR

Most gaseaus oxygen systems are low pressure systems
case, a pressure reducer will have to be used
(ase illustration). This will prevent the high pressure from
exploding the aircraft cylinders.. The

pressure reducer is part of
the low pressure servicing cart and should always be used.

red vhen servicipg & low pressure
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‘fts to Frame'1S: _ Y 1. 2. ‘ -
~Frae 20 T L . - e
‘ Oxygen is a harmles: gas if handled correctly. Do not t any )
- short cuts that eliuinate a safety rule just to get the job dong. You
= _should respect a dangerous item because you recognize its ability to
destroy, and not just because somebody said it was dangerous. Remember,
- with oxygen the safe way is the best way. \ ’ »
Now check ‘your understanding of the safety precautions involved
y with gaseéous oxygen. Remember if you missg cay of these items you
j 1p!n:mld go back to frame 13, restudy each frane, then chrck yourself
3 again. In safety there is no room for error.. s
7 e N
;_ ) . o
;;, Check the oxygén safety precautions.
3 - - .
; - 1. Do not moke vhere oxygen is being used.
;: »
2. Oxygen cylinders should be protected'/against high terperature.
i .
{ 3. Oxygen éylinders should be handled v;:l.th care, ‘ _ .
i 4. Trichloroethyleme should be used outdoors or in a well |
ventilated tuilding. : ; '
{ 5. Combustible trash must be placed in cloud 'ﬂetal containers. ‘
- . .
i 6. Do not mix oxygen vigh potroieun base p oducts. , . §
- 7. The safe distance behind an opc“ating jet engine is 200 feet. ’ >
- 8. - Oxygen cylinders should be stored at least 50 feet from . ’
2 T flmnble materials. o 7‘;
9. The aireraft should be %ounded before it is serviced with '
oxygen. . -
: 10. _ The control valve of sn ©xygen cylinde: sRould alvays be
. SN " pointed away from you when it 1: openaed.,
11. Esr protectoru shculd be worn whmvcr the nircrdt is
serviced with gucous oxygen.
12, No 'pmnr should be on the aircraft wvhile servicing with
gucoul oxygen. . “
13. Protective clothing (ha shield, rubber npron.(non-lhlorbcnt
; gloves) must be wern when servicing the aircraft vith gaseous
oxygan.
' 14. A‘prcuure,uducnr must be used when servicing a low pressure )
7 oxygen system. - . ) [
o ,. 15. The safe distance in frc'mt of an operating jet engine intake .
> 24
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Answers to Frame 20: _/__ 1.

/3.

2659
4. . 5.
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/ 8

/ 9. _/_10.

»

11.

13.
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/ 14, 15.

%
.

L}

~
A \
.
.
,
.

¢

.

.
L
-
.
~
P
»
.
[

- fa e R 2

*

in

T

34

er o ———rt 4.

b

4 *
3
.
@
-
T
.
.
.
‘
.
- -
-
-
i
)
-
~
i
3
o~
N
t
> 4
10-07380
o
19
- -



v

.

o, P
i My
) B

g

I A L L WML S
) . L .

l

-

-

{

. P |
PREPARS ) ‘g,m MAN
AN

“ 4 o
2653
PROGRAMMED TEXT
3ABR42331-PT-401A
» . P ‘ ’
Téchnical Traininé
. .
' .

Aircraft Environmental Systems ugchgnic

o

»

- N .ﬁ ‘?
“. LOW AND HIGH-PRESSURE GASEOUS qu;m SYSTEMS
j’ TS P> .
w
10 February 1976 l .
-~ ’
r
P A
USAF SCHOOL OF APPLIED AEROSPACE SCIENCES
3370th Technicdl Training Group Pal
Chanute Air Force Base, Illinois
4 * ?
‘\ — Designed For ATC Course Use “>
- DO NOT USE ON THE 208 )

35



QLJ“{ | FOREWORD K
&' ’ . 's \
’ This progismmed text was prepared for use in the 3ABR42231 Instructional
System. The material contained herein has been validated using 36
42010 students ‘earolled in the 3ABR42231 course. Ninety percent of
the students taking this-text surpassed the criteria called for in the
. approved lesson objzctive. The average student required 45 ainutes -

to complete iis text.

OBJECTIVES

After completing r.lAs programmed text, you will be able "to:

l 1. Explain the princif:les of operation of low-pressure oxygen
“systems, .
2. Describe pressuxe and flow indicators used in low-pressure T
oxygen systems.
~ . 3. Explain the grxinciples of operacibon of high-pressure orygen
systems. ' ' ) ]

. . s
4, Describe pressure and flow indicators used. in high-pressure
‘oxygen systems. -

INSTRUCTIONS )
This program;nd text presents material in small steps called "frames."
Aftér each step you are asked to select the correct statement or match
some statements, Read the material presented and make your response as
directed in the frame. The correct answer to each frame can fpund
on the top of the next page. If your answer is correct proceed to the
next frame; if you are wrong or in doub., read the material again and
corrétt yqurself before continuing. .

~

7
§
2
Supersedes JABR42231-PT-401A, 18 September 1972. ‘
- OPR: TAS

, - DISTRIBUTIOK: X &Y
« N TAS - 150; TIVGC -1 .
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> - Frame 1

Many type® of oxygen systems are used on aircraft. A systgm
consists of two sections: tha supply or storage section with 1ts
connecting plumbing, snd the distribution section which includes
the regulators. ‘The type of system und in a given aircraft is
determined by the type of- regulator that is used. Oxygen rdgulators
are grouped into three types: demand, pressure demand, and continuous
flow. Any of the three typss of regulators: can,be u.ed with any type
of supply system. - The types of stUpply systems are low aund high fres-
sure gaseous oxygen, i’nd low fand high pressure liquid oxygen. . .

fro3 e
D

Glllllllllb' %

\* ‘ \-nl

1 ’

o vdq

Check the fouoﬂns' ot‘anunt/rthat are true.

1. The type of oXygen system 1p determined by the regulator
used.

Any of the three types of regulators can be used with any
of the supply systems. [ 2 <

3. Nomlly there are five sections in an oxygen system.

4. The three types of regulators are demand, pressure demand,
and continuous flow.

~
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\nswers to Frame 1:

F. ose 2

The low pressure gaseous oxygen system is used on the old type
transport and cargo aircraft. The cylinders are mounted with straps
in sections of the aircraft where space is available. They carry
a maximm charge of 450 psi and are considered to be full between
400 and 450 psi.:« The presgure should not be allowed to drop below
50 psi. This is to prevent contamination of the cylinder due to
mo®s tugh that will accumulate in the cylinder. Low pressure cylinders
are madg shatterproof by welding metal bands to”the outer side.

4 The cylinders are made of stainless steel or a low alloy steel and
’ are painted yellow to identify them as low pressure.’
‘ 8
<o
<
~

|

Typical Low-Pressure Cilinders (Painted Yellow) -

Check the following statement/s that are true.

1., All low prusui'e cylinders are painted yellow.
1Y .
2, Maximum service pressure for low preasure cylinders is 450
. psi.
. - »
3. . At least 50 psi should always be left in the cylinders.
) . 4, Low pressure cylinders are not shatferproof.
5. Low pressure cylinders are considered full at 400 psi.
N . R
A
v N /
38 /
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- Double Flared Connection
Check the following statement/s that are true,

4. v/

3.

Ansvers to Prame 2: Y 1, Y 2, Y 3, ..

Low pressure systems yse 5/16-iach aluminum tubing.

Ty

2657

Frame 3.

The tubing

used in all oxygen systems has the size numbered in 1/16-inch incre-

* ments. A number 5 tubing Was an 6uter diameter 6f 5/16-inch, a number

3 would be 3/16-inch, etc. All tubing carrying oxygen i3 color coded
with green tape to diuinguish it from other tubing in the aircraft, °
During manufacture the tubing:.used is heat treated for strength and '
treated also to prevent corrosion, JIwo kinds of comnections are used

in oxygen systems: flared tube conncctious, and pipe thread connections.

The fittings used in low pressure systems are mada of aluminum

alloy and painted blue to identify the material. These are "AN" standard
(Army-Navy) fittings. The pipe thread end of the fitting screws
into cylinders, regulators, and gagés. The coneseat end connects

[ 2N

the flared tubing.

S et s—— o
e
o
]
A
2

\ A &4
RECESS

5/16.

+

STRAIGHT
THREAD

HEX

2. Low pressure systems use number 5 aluminum tuding.
_v- p

—————e

1] ' ] L'
3

39

\
4. . All tubing carrying oxygen is color coded green.
, R ‘

T

PIPE
THREAD-

AN Standard Fitting (Painted Blue)

1. 1If you asked for a pioco ‘of ramber 5 tubing, you would get

N

-3, Thae flared tubing is comnected to the pipe thread fitcing.
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Ansvers to Frame 3: Y 1. /2. /3, Y 4.

l';alnlo
—

The tubing Ia braced with clamps every 15 inches apart and at
each bend all fthrough the aircraft. This helps t¢ teduce tubing vi-
bration and als6 helps to prevent chafing of the tubing. Oxygen tubing
should be ins ed with at least a two-inch clearance between elec~
" trical wiring or sny control cables. The tubing is bent when necessary
. to insure that this clesrance is maintained. The tubing may run within
1/2-inch ‘of electrical wiring so long as more insulation is used ou
the wires, but this is the sbsolute minimunm.

- NO 8 ALUMINUM TUBING

‘ Chcck'the foll&wing statemsnt/s that.are true.
1. Tubing should be clamped every 15 inches and at each bend.

2. A two-inch clesrance should be maintained between tubing
and electrical wirss and control cables.

3. 1/2-inch is the absolute minimum clearsnce on oxygen tubing.

9
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RN Frams 5

sk va.ves are used in . .sgen systems that have more than one
cylindey. A check valve help: to prevent a complete loss of oxygen
if part \of the systuu is damaged. Check valves may be in nsuy styles
to meet the need of the installation. An arrow on the side o1 the
check valve shows tha dirvection of free flow, If cylinder "A", in
the {lluatration, ruptured, the oxygen in cylinder "B" would not go
out through the hole because of check valve number 3. Check vaives
mst be installed 30 that all cylinders can bg filled from a single
filler valva, all cylinders will feed the re tor, and if onc cylinder
» Tuptures, the other cylinders will not drain out through it.

M‘n to Peame 4!

L S . N \\\\\\\

&:ﬁr the fouaei.ng -utmntln that are trua. 0
1.

The arrow o- & check valve indicstes direccion of free flow.
Check valves are pot required if move than oné cylinder is

) used.
3, Check valves are instulled sa thac ‘all cylinders can be

fi]}cd from one valve. ‘
i . * -
, s .

41
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‘aswers to Frams S: /1, 2,

Frame 6 _ . .
o

Filler valves are used vhen filling the oxygen system. They
are usually mounted near the outer surface of the aircraft in a recessed
vell and undar an access cover. 'Each filler vsive has a dust plug
attached tec che valve by s chain. The plug ctan be removed by turning
the handle. When the dust plug is removed, a rechargé adapter on the
servicing hore 1s put in the fil’>r valve to fill the system.® The
filler valve is fothing more than a spring loaded check valv~ that
is unseated Ly the recharge adapter and sec.s when the adapter is

. ramoved.

Check the following statement/s that are g_né_
1. A filler valve 1- a apring loaded ghec valve.

2. The recharge adap.er unseats the filler valve.
M !
3. The filler valve is located on the outer surfacs of the
aircraft. o
. = :
4. A wrench is require? to connect the recharge adapter,

s

'

42
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Frams 7

A sepaiate gage may be used in soms low pressure omon systems
to show cylinder or system pressure.. This will depnd on the type
of regulator that is used. Some regulators have a pressure gage buiy
in them. One of the ind.cators used is the K-1 bourdon tube-oparate
trpe. Tha bourdén tube is hollow end in the shape of a C." Pressure
‘put- on the inside of the tube will try to straighten it out. Ths pointer
is linked through levers tov the bourdon tube. The dial face is marked
off in’50 pei/Pradustions and the 0-100 psi range is lined out to .
attract sttention to these pressure readings. Most gages have a red
sark on the- glass cover at 450 pei to point out the maximum service
pressuret The gage is found in the cockpit in a readily visible location.

Ansvers to Frame 6: _. /1, _V/ 2. "/ 3, .

IOURDON
TUBE

K-1 Pressurs Cige

~— Co

Check the following statement/s that are _!:_g___\ﬁ

. 1. The K-% pressure gage ie bourdon ttb.'-opcul.:cd.‘
« Some ugq\ctora have a prun;u gage buil!: in.
3. 'l‘hn K-1 pressure 3230 is electrically operated.

. The ppinter is connacted through levers to the bourdon
t‘b.o { °

. Pressure in the hollow bourdon tube tonds to uraighten
it out and doﬂoct‘g the needla.

7

' 3 o




that oxygen is flowing r.hrou;h the regulator. Soms
a

1s tha type used as a swupsrates flow indicator. The A-3 indicatas
bynpnﬂummmunim:hmﬁthoommk.
Tt blinker “aye" i{s actusted by & disphragm in the unit. The flow
indicator does shor bow much oxygen is flowing or that the us ¢

mu%! oxygen, it Juu talls :hl user that he is receiving

Y

SRR Y
- W R

Check the followirg statemsnt/s that sre trus.
« The A~3 indicat~s cxygen flow through gho regulator.
2. "Blinker" {s the correct nsme for the A-3,

- 3. The hiinker eys opsrates from a diaphragm.
4. Swms regulators have a built in flow indicator.
3. . The A=3 does not indicate the umm:' of oxygen {lowing.

flow indicator buvilt in them. The A-3 flow indicator
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Answars to Frame 8: _ / 1. 2., _ Y 3. _V 4 _J/ 5.
Frame 9
Shown is a low pressure oxygen system with ell the units that (

have beenr covered in the text. This system uses the D-2 shatterproof ' v
c¢ylinder, various style ¢heck valves, number 5 aluminml tubing, low
pressura filler valve, flow indicator, and pressure gage. The size

and agount of cylinders used depends upon the need of the particular
d.rcraft that the system is used or.

NO RESPONSE REQUIRED




Answer to Frame 9: Noue Required. .

¥rams 10

‘ »

The high pressure oxygen system has the same principle of opsration J
as the low pressure system. Its one advantage is that more oxygen b
/ can be stored in a smaller space; howaver, the oxygen is storcd at a

. high ‘pressure (1,800 psij. The same maintensnce protedures and safety
rules spply to both the high low prescure oxygen systems. Care
must be taken when opening lines in a high pressure system. Make sure
they have besn drained to.prevent possible Lody damage from the high
‘pressure. High pressure gaseous oxygen systems are not widely used,
but they will be your responsibility. ' . . o

L A L N
PR hd
«

Check the following statement/s that are true. .

;
B

1. More oxygen can be storsd in a smaller space using a high
pressure systenm. . :

PR IO S A
.
N
-
s

. High pr..uprg oxygen 3+ particularly dangerous,

. High pressure oxygen systems are widely used.

.

. In general, the same safety precautions apply to low and
high pressure systems.

&

: L | | /

’

3
1
1
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Aasvers to Frame 10: / 1. Y/ 2, 3. v/ 4,
-

Frame 11

¥ind these listed units in the illustratfion shown: the high pres-
sure filler valve, the pressure reducing valves, the system shutoff
valves, the pressure gages, and the cylinder connection points. The
check valvea, vhich are not shown, ars the next items in the plumbing.
These items snd the plumbing will be covered in this text.

-~

NAVIGATOR'S

CARGO COMPARTMENT
CAYGEN REGULATORS
N

cylinder
c“onnsotions A

. ‘Wlh" L f ‘c
X <f~ D OIIN memATOR: e C I \ E
[ - b )
y % C
v, p ?..m-u \'m Yoo
: e ol
- . ! tw r1 i N
- % \ :‘, . ‘ lé @ TR v %"J ~ 2}
T ) oxvosn -u‘ouwoc
OXYOIM PRLIR VALVE m#cu TANK PRESSURE GAGES
’ (]
. C
? . NO RESPONSE REQULRED ‘
e

-
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Amswer to Frame 11: None Required. -
© Teame 12 - .

. Study this simplified diagram of the same system that was given
in the last frams. Note the two separate systems. The uAcylindo:s
shown on the 1lift side of the system supply the oxygen to the regu-
létors on that side. The left side has its ovm system shutoff valve
p' sssurs reducer valve, and cylinder pressure gags. The right side
his two pressure reducing valves that are hooked in parallel.. ~The
cylindars for both sides are filled fror a common filler valve. .

IECHHGR ASSY Co
PORTABLE .
OXYGEN [ 1o1411 »

o0 (e]0] y
~+—&3 o6
@ rmss. ouces - " S
VALVE (1600 P51 - 400 P30) ‘ s '
+ () swr-om vauve Fﬁ'ﬁ‘ﬁ IE_Q_‘ ) nojL
< CHMECK VALVE - LA . -
00| oxvaen recuLAzOR - ¢
OVERBCARC

ovmome oS | \ vt
O O

MLLER VALVE

u

Check the following statement/s that are true.

1. 1In the’ lchnntic shown, there are two upante high pres~’
sure_systems .

. All cylinders are filled from a common filler valve. .

. The components are completely different in each system.

. The right hand side has two pressure reducing valves in
parallel.

- * | 112 48 \
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, Answers to Frame 12: ?’ 1, Yy 2. 3. 7 . 2667

Y

) - Frams 13
The high pressure oxygen cylinders are made of forged seanless
. *stesl and are wire-wrapped to make them shatterproof. The service
pressure for the cylinders is from 1,800 to 1,850 psi., These high
pressure cylinders are painted green. An automstic valve is put, on
tie release end of the cylinder £5 let the cylinder be removed without
discharging, for saintenance on the system. A fusible safety plug
is in the automatic valve to dump pressure if the temperuture gets
betwesn 208° and 220°F. A hydrostatic test is required on,these high
p:dour. cylinders every five years to determine their coné:l.tion.
test date is stamped on the neck of the cylinder.

r'untcd
Greeon

High ®ressurs Cylinder

§’ - r

Check the {ollwi*‘z“ttatmnt/s that are trus.

1. 1,850 pei would be the Raximun service- prusurc.

1
¥
2, High prusuro cylindoro are viro-wnppcd to make them
3 o%ttorproof.
SR 3. A1 high pressure cylinders are painted green. ‘
__ 4. The automatic valve allows the cylinder to be removed with-

5 . out discharging.
. 5. A fusible plug is built into the sutomatic valve.

6. The high pressure cylinders are made of aluminum,
. : : 7. The fusible safety plug will melt at a temperature of 208
é . to 220°F.
; ! [ ] i -

)

g \ ’
. 13
- / . »
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,An"-hu'to Frama 13t 1. . 3
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. The cq:ing used in high.pressure vasecus oxygen systems is either
3/16-inch or 5/16~inch stainless steel. Aluminum tubing will not stand °
tte high pressurs. The hich pressure stainless steel tubing requires
a flareless type fitting ed Ermeto fitting. The fitting consists
of a ¢leeve vhich is presey on the end of the tubing before the tubing
is put in a flareless seat{ If you overtighten an Ermeto fitting
while trying to stop a leak, it usually will leak more. A torque

wrench nhould alvuy- be uud. . .

;‘ " Check the'follawing statement/s that are true.
i. High pressure systems use atdnl;n steel tubing, -

2. Ermeto fittings are flareless fittings.

3.  You can stop an Ermeto fitting from leaking by incrauiug
. , the torjque. .

4., A torque wrench should alnyl be used on an Ermeto fitting.
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Ansvers to Framé 142 _ Y 1. _/ 2, 3. _Y &, ‘
Y L] = - . £ . - i
' ( Frame 15 -

The high pressure filler valve is hand wheel operated and. sep-

. arates- the filler comnaction from the cylinders. This vélve must
be open when the system is filled wi‘h oxygen and is closed at all
other times. The filla~ connection is used to hook the rcharging
oqu:lpnn? to the aircraft system. The type of fillgr valva connection
shown in‘one illustration is flange mounted to the aircraft and in
the other it i: part of the valve. Because of the high pressure used
quick disconnects are jiot used when the system is recharged. The.

" system check valves serve the same purpose ‘as in the low pressure
oxygen system, but .are mﬁ. to stard higher pressures. Remember, 7
check valves stop a reverse flow. . P

\

Check the following statement/s that are true.
. -
1. The filler valve is opened only for filling the system.

2. Quici disconnects are used when recharging high pressure
systenms .,

3. The filler valve separates the filler connection snd cylinders.
+ The check valves are used to. prevent roﬁru flow,
» ’ ) t

-

15
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Anmm to rm- 15: /1. 2. Y 3. Y 4,

> Frame 16 : .. o !

A separate prugrc rcducing valve is used 1n high pressure _«y-
gon systems tp drop cylinder preseure from 1,800 psi to 300 to
400 psi before it goes in the regulator. This vnlve has a relief
section that vents the pressure overboard if the reducing se:tich
fails to work. This is a safety feature to stop the regulators from
. rupturing if the valve fails to work. The major parts are a metal
diaphragn and a coil spring assembly.

-

-

-

|
F
!
r- ' Check the foilawi.ng statement/s that are true
|
|
|
f
|
|

~

& 1. The pressurs reducer dropa(ghe cylinder preosure from 1, 800
’ pei to between 300 to 400 psi.
» . -
i 2, If the press reducing valva !ulfunctiom and the relfef
; valve vents the\pressure overboard, the regulator will rupture.

3. Thc' major ;urtl of a ;rulurc reducer valve are a nDetal dia-
phragm ‘and & coil spring assembly.

4, The pressure reducer valve contains a relief section.

AN

i
l
|
|
|
I
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Answers to Prame i6: Yy 1.+ 2, Y 3, Y 4,

‘ Frame 17

The system shutoff valve used in the high pressure oxygen system
is placed between the cylinders and the pressure reducing valve. This
is & manual hand wheel op‘hrsted valve that is normally safety-wired
to the open position. In case of an emergency this valve can be closed .
to isolate the distribution system from the cylinders, It can also
be used when maintenance is done on the system, The valve should
alwvays be left in the open pcsition and safety-wired. The position
k. . that the lhutgff»vifve is in (on or off) can bz seen through a window
: in the top of the control knob. .

- . -

Q PRESS. REDUCER
VALVE {3800 PSI - 400 PSI) ¢
- ) ® SHUT-OFF VALVE oQ
@ CHECK VALVE -——
IOQ OXYGEN REGULATOR
3 N —~e= OVERBOARD
' A\, OVERDOARD
o ~ VENT
f N
gy . b ok
| | |
X : b |
- | | |
5 ! T
| ! |
+ ! {
¢ | ! |
1 i |
i ! {
! | |
i ! }
P ' | i
. i I i !
: - N TR O S J
x REFILL VAL VE

.Check the follow’mo statement/s that are trus.

. 1. The system shutoff valve is hend wheel operated.

AL A A L

. The shutoff valve 1s always closed.

. The shutoff valve is located between the cylinders and
prassure reducing valve.

2
3
b

. The valve ir .ormally in the open position and safety-wired.

~»

%Y
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Ansvers to Frame 17: / 1. 2. / 3. /4,

Fraoe 18 -

. A pr ssure gage is used to show cylinder pressure. Some air-
craf .. have two systems and both pressure gagss sare shown. Keep in
mind that this is cylinder pressure and not reduced pressure. The
gags is tapped into the syteem beiore the prassure reducing valve.
The gage is bourdon tube operated and reads from 0 to 2,000 psi, with
mcrmnu of 200 psi marked off on the dial. 'l‘he regulator that
1s used on the C-130 aircraft has a flow indicator built in to let
thc user know that oxygen is flowing through the regulator. When the
user takes a breath of oxygen, & "flag" attached to a diaphragm shows .
through a glass window on the face of the regulator.

Flow
Indicator

—— B P TN U, - T e T

o ouvotn REGULATOR T8

byt otuavo ST &)
[om O B )
2 e B

TANK PRESSURE GAOIES oxvc&n noumon -7

Check the following statemsnt/s that are trus.

1. The prassure gage indicates cyu.nduf pressure.

|

The diagram sbove shows two saparate pressure gages.

3. The flow indicator on the C-130 is part of the regulator. ‘ . e

|

4, The flow inuicator on the C-130 is the A-3.

. The pressure gage is bourdon tube—opersted.

|

18

54




- ' 2473

Ansvers to Frame 18: _ / 1. _ 7/ 2. _/ 3. _ 4. _/ s,
Frame 19
Match the letter shown at each component with the correct name
of that component from the list velow.

RECHARGER ASSY
(TYPICAL) PORTABLE
OXYGEN DOTTLE
(TYPICAL) ,‘\

- ~
| S—— € ol
I TNe” F
> ) 1 ®©
. [
1. Oxygen Filler Valve 6. Oxygen Filler Connection
2. System Shutoff Valve 7. Automatic Valve Ausembly
3. Oxygen Flow Indicator 8. Cylinder Pressure Gage b

4. Pressuce Reducing Valve 6. Check Valves

5. Stainless Steel Tubing 10. High Pressure Cylinders

VR, N—
»

\

OB
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Answers to Frame 19:

r_6.

¢ 1. _H 2. _A 3. _J1 & _E 5.
D 7. BT. I 90 G 10-
’ -
\,
!
R
Y
)
A\_A.\’/
20 L
I
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FOREWORD

This programmed text was prepared for use in the 3ABR42331 Instructional
Svetem. The material contained herein has been validated using thi.ty-one
students enrolled in the 3ABR42331 course. Ninety percert of the students
taking this text surpassed the criterion ¢talled for in the approved lesson
objective. The average student raquired 50 minutes to complete the text.

OBJECTIVES

After completing this programmed text, you will be able to:

1. Relate four (4) of five (5) demand oxygen system components
with their purpose.

INSTRUCTIONS

This programmed text presents material in small steps called "frames."
After each frame you will find a number of statements and you are asked to
select the statement/s that are true. Read the material in each frame before
making a selection. The answers to each frame can be found at the top ot the
next page. If you 3jelect the correct answers, continue to the next frame. If
you are wro.ag or in doubt, read the material again and correct yourself before
continuing. * (

\

5 g

N

Supersedes 3ABR42331-PT-313, 2 June 1970.
OPR: 3370 TCHTG
DISTRIBUTINN: X )

3370 TCGTG/TIGU~P - 600; TTVSA - 1
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* In the illustration below, D-2 low pressure gaseous oxygen
cylinders.are being-used in the supply section of this system. Do we
call this a gaseous oxygen system? No. Oxygen systéms are usually
referred to by the type of regulator installed in the distribution
section of the ay#te!. The system shown has the A-12A diluter DEMAND
regulator installed and we call this a DEMAND oxygen system. If the
system below has a continuous flow regulator installed, it would be
referred to as a continuous flow system, etc., Other components of the
demand system are the A~14 demand mask, A-3 flow indicator, K-1 pressure
gage, and the mask-to-regulator hose.

' DEMAND OXYGEN SYSTEM

0-2 CYuNDER l. .

r— | e | Wi S 3 s ¢ o7

HOSE
ssiemaLy

PORTAME
RECHARGER
VALYE

DILUTER DEMAND

Chack the following statements that are true.

1, ¢Usually an oxygen system is referred to by the type of regulator
installed.

. The A--12A regulator is the diluter demand typ~.
.

b ———

3. The A-12A regulator is used only with liquid oxygen systems.

/~
4, The A-14 demand mask s vsed witl, ‘“e A-12A regulator.

| ~ | N

CK
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Avswers to Frame 1: 1, Yy 207 3. %.

Frams 2
! : . ) :

Tae A-12A diluter demand regulator geats its name from the fact that it
delivers oxygen to your lungs in response to the suction of your owm breath,
that is, on demand. To prolong the duration of the supply, the oxygen is-
automatically diluted (mixed) in the regulator with suitsble smounts of air
up to alcertain altitude. The A-12A is one of the oldest oxygen regulstors
in use and we will discuss it first because the newer regulators are pat~
terned aftes the A-12A; this will become apparent as we continue. For a
better undarstunding of the A~12A, mentally match thao list of components with
.the numters in the arroied circles. ' '

~

NOTE: SLACK ARROWS 1i<DICATE OXYOEN.
T WWITE ARROWS INBICATE A

1.  Air Metering Port. , 6.  Pressure Reducing Valve.
2. Diluter Control Caa. 7. Deaand Valve.

3. Emergency Valve. - 8. Aneroid.

4, Demand Diaphragnm. 9. Oxygen Metering Port.

5. fheck Valve. _ 10. 2nd Stage Relief Valve.

~

™~ Type A-12A Diluter Demand Oxygen Regulator (Aro).

Check the folioving statements that are true.
1. The A-12A delivers oxygenlén demand

2. 'fhc A-12A delivers 100Z oxygen &t all times.

] €
3. Alr is mixsd rith the oxygen in the regulator up to a certain
altitude.
& 4,
60
C
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Answers to Frame 2: 1._/_ 2. 3._/_
[
- Frame 3
As we have gtated, ‘ue A-12A is a diluter demand regulator. This ° -

¢8imply means that air and oxygen are mixed (diluted) and supplied to the
ruser when he/she inhales (demands) oxygen. When the user inhales, he/she /:r
1clokes a valve in the mask and opens a valve in the regulator. When he/
- she exhales, this prucess is reversed. Starting where the oxygen enters
1 the regulator from the supply section you find the pressureweducing g
- mechanism. The pressure reducing valve (6) is attached through levers to
. a rubber diaphragm. (See schematic.) As the pressure of the oxygen
increases in this first stage chamber, it forces theédiaphragm down and
the attached lever closes the pressure reducing valve (6). 40 to 60 psi
1on the diaphragm closeg the valve and it remains closed until the pressure d
+drops from the oxygen being used. Note the spring attached to the center ' |
vof the diaphragm will also help pull it up which will open the valve.

PIVOT POINT
R—483
1. - Alir Metering Port. 6. Pressure Reducing Valve.
2. Diluter Control Cam. 7. Demand Valve.
3. Esergency Valves. ) 8. Aneroid.
4.  Demand Diaphragm. 9. Oxygen Metering Purt.
5. Check Valvs. 10. 2nd Stage Relief Valve.

Type A-12A Diluter Demand Oxygen Regulator (Aro).
. Check the following statements that are true.
1. 40 to 6C Rpi closes the pressure reducing valve.

2. The user does not have to inhale to get oxygen from the A-12A.

A ]

3. First stage reducing is 40 to 60 psti.
)

»

A L
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A&‘xg to !rm3 1. /2. . /.

Trame 4 ]

We now have 40 to 60 pei in the first stage chamber. The only way for
the oxygen to gt out of here iz up around the demand valve (7). (See
schematic.) The demand valve (7) is controlled through levers attached o the
demand diaphragm (4). The demand diaphragm is controlled in turn by. the
breathing of tha user. Cabin pressu-e acts on the upper side of the demand
. diaphragm (4). As the user inhales oxygen is dravn from the bottom side of

the J{lﬂtlﬂ. This allows cabin pressure to force the disphragm domm. The
connecting levers then open the demand valve (7) and more oxygen is allowed
1n the upper or 2nd st .ge chamber. Once the 2nd stage thamber pressure eguals}
the cebin pressure, oxygen pressure raises the diaphragm enough to close the:
demand valve. The sbove sequence is the way lst stage pressure is reduced
for pilot use. : -

#

T0 MASK
4
?

t

A-12A i .
REGULATOR S —PXIE
R—-484
1. Alr Metering Port. _ 6. Pressure Reducing Valve.
2. Diluter Control Cam. 7. Demand Valve.
3. Emergency Valve. ’ 8. Aneroid.
4,  Demand Diaphragm. 9. Oxygen Meterin} Port.
- 5. Check Valve. 10. 2nd Stage Relief Valve.

4

Check the following statements that are true. !
1, The demand valve is controlled by the demand diaphragm.

2, The demand diaphragm is controlled by the user.

3. Oxygen enters the second stage chamber through the demand valve.

4. The demand diaphragm directly controls the pressure reducing
valve. :

62
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Ansvers to Frame 4: 1. 7/ 2. 7/ 3. _/ &, :

Frame 5.

khen the user inhales (Jemands oxygen) the oxygen leaves the 2nd stage
chanber thorugh the oxygen metering port (9), and travels to the user in the
sask-to-regulator hose. At the same time, cabin air is allowed to mix with
(dilute) the oxygen. The air enters through the check valve (5); then
a specified amount is metered through the air metering port (1). Note that
the oxygen metering port and air metering port are attached to a comuon lever
[vhich moves up or down. The dfluter control cam (2) has two positions which
are selected by the diluter lever, (see illustration). With,the diluter Yever
positioned to "normal oxygen," the aneroid (8) will control the movement of
the common lever: And as cabin altitude increases, the aneroid will expand an
gradually clese off the air metering port. At 32,000 feet the air metering
port will be  completely closed and the user will get 100% oxygen automatically

P 1O MASK

R-483

~‘ —
.- -
Ty ww o -

oHuUTER LEVER

1. Air Mstering Port. 6. Pressure Recucing Valve.
2 Diluter Control Cam. 7. Demand Valve.

3. Emergency Valve. 8. Aneroid.

4, Demand Diaphragm. 9. Oxygen Metering Port.

5. Check Valve. 10. 2nd Stage Relief Valve.

Check the following statements ..-i are true.
1. Up to 32,000 feet, air and oxygen are mixed.
2. The check valve (5) shuts off the air at 32,000 feet.

3. With the diluter lever in normal oxygen, the aneroid controls the
air.

4, Above 32,000 feet, the user automatically gets 100%.in the
normal oxygen position.

63
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Ansvers to Frame 5: 1. v/ 2. . 3.

———

Frams 6

? As ve have stated, with the diluter lever in "NORMAL O(X‘IGEN," the
aneroid (8) will control the amount of air cntcﬁ‘na the regulator and at 1
32,000 feet it closes air metering port. When the diluter lever is manually
placed in the "100X OXYGEN" position, the diluter.control cam (2) swings down
as indicated in the schematic and engages a strip of metal attached to the
common lever and forces the lever down. This action overrides the aneroid
and closes off the air metering port (I). This action supplies the user
with 1002 oxygen anytime he/she so desires.

/&) 1o mads © »

Adda;
REGULATOR

OHUTER LevER

1, Air Metering Port. 6. Pressure Reducing Valve.
2. Diluter Control Can. 7. Demand Valve.
3. Emergency Valve. 8. Aneroid.
- 4. Demand Diaphragm. 9. Oxygen Metering Port.
5. Check Valve, 10. 2nd Stage Relief Valve.
b

Check the followi:. statements that are true. t

1, The diluter lever allows the user to select 100% oxygen at anytime.
2. The diluter lever\gfves the diluth control cam.
3. The diluter lever overrides the aneroid when placed in 100% oxygen.
4, The diluter lever conirols the first stage reducing.

¢

64




%83

Answersg to Frame 6: d. /2. /4 3./ b

] Frame 7

-The only section of the A=12a = have not covered ic the EMERGENCY
VALVE (3). This is a hand-whéel operated valve that opens an orifice as
shown in the schamatic. When tha emergency valve (3) is turned out,

- oxygen will flow “hrough this machined orifice in a continuous flow to

the user. Should pressure build up in the regulator, a 2nd stage relief
valve will open at 30 to 41 inches of water pressure to relieve it. The
emergency valve is provided in case the regulator malfunctions or the'user
1is unahle to breathe normally. Remember, the normal function of this

regulator requires that the user demand (inhale). - .

. u; MASK
7

ool
%\::?:: .

o maw

OXYGEN
o= ‘ INLEY

®)

Y .
oILUTER LavaR

1. Air Metering Port.
2. Piluter Control Cam.
3. Emergency Valve,

4, Demand Diaphragm.

5 . Check Valve.

- O~

r—487

Pressure Reducing Valve.
Demand Valve.

Aneroid.

Oxygen ietering Port.

s e

Check the following statements that are true.

1.  The emergency valve allows the user to get a continuous flow of
oxygen.

2.

The 2nd stage relief vglve opens at 30 to 41 inches of water

ressurz.
P e -

The emergency valve will open automatically.
The normal function of the A-12A requires the user to inhale.
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 Apswers Yo Prame 7: 1. ¢/ 2. /. 3, b,

Frame 8 ' S
- ' SELY TEST QUIZ
" In each quut:lon; circle the letter that identifies the -correct answer.
Check your answers on the top of the next page.

1.  The second stage relief valve in the A-12A wiil open and relisve pres-
sure at '
a. cabin -pressure.
b. S pei. .
c. 15 inchas of msrcury. - -
d. 30 to 41 inches of water. ’

2. The A-12A oxygen regulator is a
a.  diluter demand regulatof.
b. pressure demand regulatok.

c. continuous’ flow rquhtor.
d. - dilutcr pressure demand ngulator.

3. A complate oxygen system with the A-12A regulator 1n-talled would be
refexred to a8 a .

a.  high pressure oxygen system.

o b. diluter oxygen system. -
: ¢.  demand oxygen system. -
N d. 1ow ’preuun oxygen system. -

<
4, The prassure reducing mechanisa 1n the A-12A oxygen regulator reduces
cylinder pressure to -

a. 40 to 60 inches of water. ) f

. b. 40 to 60 inchcs of mercury. -
c. 40 to 60 psi.
d. cabin pressure.

5. If the user of the A-12A regulator became injured or for some other reaso

could not breathe normally, he Would
a. put the diluter\lever in "normal oxygen.”
b. use a walk-around bottle.

c. opan the emergency valve.
d. place the diluter lever in "100% oxygen."

‘6. In the A-12A demand regulator, the demand diaphragm opens and closes
the demand valve in direct respomse to

a. atmospheric pressure.

b. the setting of the diluter lever.

c. the aircraft altitude,

d. the bresthing of the user.

' 10
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Ansvers to Frame 8: 1. d 2. _a 3. ¢ 4. ¢ 5. _¢ 6. _d
Frame 9-
Instructions: Place the mumber of the part in the list below in

* the correct arrowed circle.

L~
‘.,

&
£ 10 sk
4

Air Metering Por{. 6. Pressure Reducing“-Valve.
Diluter Control Cam. 7. Demand Valve.
Emergency Valve. 8. Aneroid.

Demand Diaphragm. 9. Oxygen Metering Port,
_ Check Valve. 10. Diluter Lever.
11. Relief Valve.

Type A-12A Diluter Demand Oxygen Regulator (Aro).
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Answers to Frame 9:

g -
F
# TO MASK

L4

Pressure Reducing Valve

1. Air Metering Port. 6.

2. Dilter Control Cam. 7. Dermand Valve.

3. Emergency Valve, 8. Aneroid.

4. Demand Diaphragm. 9. Oxygen Met2ring Port,
5. Check Valve, 19.. Diluter Lever. '

11. Relief Valve.
Type A-12A Diluter Demand Oxygen Regulator {Aro).

No response required,

12

6§
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Frame 10

The A-14 or A-14A demand mask is used with the A-12A demand oxygen
regulator. The demand mask has & single outlet valve (i1). This is a one-way
check valve consisting of a circular flap of rubber which opens the outlet

wvhen the user exhales and closes it when he inhales. Proper regulator cperation
depends upor how well the mask fits and how well it is functioning. Oxygen
masks are normally maintained by Personal Equipment Specialists and by the

user. Knowing how they function will help you understand more clearly the
oxvgen regulators.

A-14A Demand Mask.

.

Check the following statements that are true.

1. The A-14 magk has a single outlet valve.

2. Regulator operation is affected by the mask.

\ 3. The demand mask is used with a demand regulator.

4. Any mask can be used with any regulator.

69
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Answers to Frame 10: 1. Y 2. / 3./ v

Frame 11

4 other part of the demand oxygen system is the flow indicstor and 1g=
pressure gage. These two indicators are located close to the oxygen ind
regulator and should bs clearly visible to the user. The A-3 flow
iddicator is diaphragm operated and "blinks" at the user as he/she
breathes. Thia lets the user know that oxygen is flowing through the
regulator. The K-l pressure gage is bourdon tube operated. As pressure
inside the tube tends to straighten it, the pointer is moved through a
system of levers. The pressure gage lets the user know how much oxygen
is in the system that he/she iy breathing from.

A.3 Flow Indicator, K-1 Pressure Gage. i

Check the following statements that are true.

1, The K-1 pressure gage is bourdea tube operated.

2. The A-3 flow indicator operates from a bourdon tube.
3. The flow indicator "blinks' as *he user breathes.

4, The fiow indicator and pressure gage are located near the regulator.

14
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| Angwers to Frame 11. 1. vV 2. 3. Vv 4, Y

2689

Frame 17

Shown below is the flexible tubing or hose used to deliver the oxygen
from the regulator to the mask. The plain end of the mask to regulator tube as-
sembly (right below) is clamped to the outlet elbow of the demand reglator.
The ottCr end of the hose contains a c¢lothing clinc dust cap, and feuale part
of a quick disconnect. The male part of the quick' discomnect is gttached to
hose connected to the demand mask (left below). A leakproof connection is made
when both halves of the quick disconnect are joined.

Demand Mask N
connection \‘\

Mask
to Regulator Tube Assembly.

)

Creck the following statementsr that are true.

1. One end of the mask to regulator tube has a clothi , clip and
a dust cap.

2. The male part of the quick disconnect is attached to the mask hose.

3. The quick disconnect will always leak.
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Answers to ':m[;z/ . e

Frame 13

Other than the station regulators like the A-4l2A, regulators are -lso
used on small portable cylinders called 'walk-around “ottles." These bottles
are carried on the larger type aircraft wherc cruw membars have to leave
their station regulators to perform various duties while the aircraft is'in
flight.. The older combination A~13 demand regulator and D-2 cylinder will
supply oxygen for sbout 30 minntes before it has to be recharged from the
air.raft main system. The A-13 demand regulator has no air inlet and supplies

¢ 100X oxygen on demand. The D-2 cylinder is serviced with 400 to 450 psi of
oxygen. The carrying bag is used with this combination because of the weight
of the D-2 zylinder.

Nae

Check the following statements that are true.

1, Walk-around bottles would be needed on fighter aircraft.
2, The A-13 is a straight demand regulator.

3. The D-2 cylinder is filled from the aircraft system.

4, The A~13 regulator suppl{ies 1002 oxygen on demand.

Y 1s

- 72
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Answers to Frame 13: 1. 2. Y 3,/ 4.

Frame 14

The regulators used on walk-around bottles function the same as

PRESLURE GAGE t

station regulators (A-12A) but are constructed somewhat different. The newer
A-15 diluter demand regulator and A-6 cylinder are also part of the demand
oxygen equipment. All portable regulators are conatructed similar to the
A-15 below with a 0 to 500 pei Presaure gage, direct oxygen mask comnection,
filler fitting and clothing clip. The A-15 has an air inlet which tells us
it's a diluter demand type. The A-6 cylinder is not as heavy as the D-2
cylinder previously discussed and a clothing clip is provided to attach it to
the flying suit of the user. The A-6 is also serviced to 400-45C psi. The
aser has to .onstantly watch the pressure gage on walk-around botties and
recharge the cylinder before it is empty.

“. ’
A-15 Oxygen Regulator. J/

Check the following statements that are trus.

1.
2.

3.

*

4-

The A-15 is a portable, diluter demand regulator.

On ws -around bottles, the cylinder is serviced th'rough the
regulators.

Portable regulltgrs are constructed the same as station regulators,
The above it is attached to the clothing of the user.
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Angwers to Frame’l. 1. 7/ 2. 4/ 3. b Lo

Frame 15

This concludes our discussion on demand oxygen‘equipment. /Tne equipmenﬁ
covered in this text will be available in the classroom or oxygefi lab for you
to handle and inspect. Remember, oxygen equipment is depended upon by the
user as his main life support at high altitudes. Failure of this equipment
for a 13 second period may be fatal to the user. Also, while you are working
with and handling oxygen and equipment, dcn't forget the safety precautions
that appl’ to oxygen.

SELF TEST QUIZ
) \
Circle the correct answer and check your answer on the next page.

1. The A-15 portable regulator differs from the A-13 portable regulator
in that the ‘

q. A-15 has 3 demand function only.
. A-15 is dilutr.r demand.

c. A-13 has "a filler fitting.

d. A-13 has a pressure gage.

2 The type of oxygen mask used with the A-12A regulator in a demand oxygen
- system is the

Al3 pressure mask.
Al4 demand mask.
K-1 diluter mask.
A-3 mask.

an o

3. The A-6 portable cylinder is. used in combination with the

a. A-15 diluter demarnd regulator.
b. A-12A pressure regulator.
c. A-13A diiu regulator.
d. A-14 fixed regulator.
4. The A-13 and A-15 oxygen regulators are (
a. ‘both diltter demand.
b. station regulators like the A-12A.
c. used on walk-around bottles.
d. constructed the same as the A-12A.




Answers to Frame 15: 1. b 2. b 3. a 4. [

%93

Remember Your Oxygen Safety

Koep oll petrolewm products (oil, greass, fuel, etc) oway from
§ oxygen squipment.

2 Moke sure thet bady, clething, and protective equipment ore
clean and free of petrolevm products (hair oil is o petrole .m
product) befere peti.'ming meintenence o oxygen system.

]
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FOREWORD

This programmed text was prepared for use in the 3ABR42331 instruc-
tional system. The materials contained herein have been validated using
30 students enrolled in the 3ABR42331 course. Eighty percent of th
students taking this cext surpassed the criterion called for in the approved
lessen objectfve. The average time required was 2.8 hours to complete
the text.

OBJECTIVE

Relate five (5) of six (6) gaseous oxygen system components to -
\§ their operation.

INSTRUCTIONS =

This programmed text will review some of the parts taught in previous
lessons on gaseous oxygen systems and cnrver in depth the operation of the
regulators and mask that make the system a press" e demand system. In
agddition, the reason the pressure demand system s needed is explained.

The information in this text is presented in small steps called
frames. After each frame you are asked to respond in some maanner. Read
the material carefully, then make your response as directed. The answers
for the responses can be found on top of the next page. If you answered
correctly, continue on to the next frame. “If you are wrong or in doubt,
read the technictal material again and correct yourself before continuing.

/

Supersedes 3ABR42231-PT-313A, 22 March 1971.
OPR: 3370 TCHTG

DISTRIBUTION: X
3370 TCHTG/TTGU-P - 300: TTVSA - 1

[£%]
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Frame 1

The diluter demand regulator gends oxygen or oxygen mixe. with air
to the user on demand or when he breathes. This is all juvst fine until
we reach a height of about 40,000 feet. From 40,000 feet up, the human
body needs oxygen under pressure to work the way it should. At sea
level pressure, carbon dioxide and water are stable in the blood stream
and oxygen saturation of the blood 18 1002. At low atmospheric pressure
(high altitude), carbon dioxide and water vaporize in the lungs and
pressure builds up that keeps oxygen from entering the lungs. By adding
pressure to the oxygen (pressure breathing), we get rid of this pressure
in the lungs and force the carbon dioxide out and force ‘oxygen in. Look
at the chart below for a better idea of the equipment required.

"ALTITUDE AND RLOOD OXYGEN SATURATION
| Z _32 4- £

INFINITE
ESSENTIAL FQJSM 5 / ~
> THNG
50,000 FT sur Zone pessunt BREE
1Y pesmasie We A .

45,000 FT. g S0 34,000 sy L—

40,000 FT, Zoave 3

e 1 41,000 '
35,000 FT. CURVE 2
30,000 FT,
o.K. CAUTION ., DANGER EXTREME
25,000 FT. for routir.e short periods emer_ .ncy Rying DANGER!

20,000 FT. operation only only \PMENT
N ) OXYGEN EGY
15,000 FT. N ,‘

) L‘——-/ “:w

10,000 FT. = e “i'
5,000 FT, n
OXYGEN SATURATION: 955 90% 5% ’ 80% 75%
S~
OMS AT 0 G 0 X G ’
3% OXYGEN  UNDETECTABLE UNDUE ERRORS OF SERIOUS
SATURATIONS: HYPOXIA FATIGUE JUDGMENT HANDICAP

7

Using the chart above to determine the .approximate altitude for each

of the questions written below. Place your answer in the blank provided.
\

1. What i3 the liwnit of é demand oxygen regulator?

2, What is the safe limit a persorn can reach without oxygen
equipment?
~. 3. At what altitude is a pressure guit desirable?

4, How high can a pilot safely fly with a pressure breathing
system?

(O8]

’

~1

;

-

»
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Ansvers to Frame 1: 1. 40,000 2. 10.000 3. 45,000—%. 44,000

Frame 2

With pressure breathing, as shown in the chart in the past frame,
we are safe up to a height of about 50,000 feet. Above this height, the
carbon dioxide and water vapor pressure will rise to a point where any
mote of an incresse in oxygen pressure would damage tle lungs. Also,
above 50,000 feet, a pressure suit is needed in case cabin pressure
is loet. Without any pressure, blood will Boil at 60,000 feet, so
you can see the need of this equipment. Now that you know why we need
pressure breathing, let us talk about some of the re,_lators that make
up a pressure-demand system. Shown below is a complete oxygen system

with the A-14 pressure demand regulator used. Note that the change
found between this system and the straight demand ey&tem is in the
regulator and mask used. The A-14 is a pressure demand regulator and
the A-13A is a presgure demand mask.

=
D 2 CYUNDER

Check the following statements that are true.

1. The A-l4 is a pressure demand oxygen regulator.

r——

2. The A-12A .egulator can be used above 50,000 fe. ..

o ———

3.  Above 50,00C feet, a pressure suit is =ssential.

PEBSESROSEY

79
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"Answers to Frame 2: Y 1. 2. v 3.
I

Frame 3

, Take a look at the difference between the A-14 (top) and the A-12A
. (lower) regulators. 1If you Place your finger over the top section
of the A-14 you will gee that we have an A-12A regulator again, except
for the EMERGENCY VALVE (13) on the A-12A. One of the settings on
the A-14 dial will serve as dn emergency setting. Keep in mind when we
talk about the A-14 regulator that except for the pressure breathing
section located on top, this regulator will work the same way as the
A-12A. Match all the parts listed below with the A-14 regulator.

l. Pressure Reducing Valwve 2;' .
2. Demand Valve
3. Oxygen Metering Valve
- 4. Alir Valve
5. Check Valve
6. Diluter Valve
7. Diaphragm
8. Aneroid
9 Demand Diaphragm

*10. Pressure Breathing Lever
*11. Pressure Breathing Gear Train -
*12. Pressure Breathingl Control Knob
hk]13, Emergency Valve

*A-14 **A=12A o

No Response Required
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Frame &
The A-14 regulator is a pressure-breathing, diluter-demand

regulator. The diluter lever works the diluter control cam (6). In
the 100X oxygen position, the diluter control cam will press down on
the metal strip hooked to rhe common lever and close the air valve (4).
The regulator is now delivering 100X oxygen. With the diluter lever
in thes NORMAL OXYGEN position, the air is controlled by the aneroid
(8) up to 32,000 feet at which time it, the air valve (4), will be
closed off (same as the A-12A). Match the part name with the number
in the arrowed circles for a better understanding.

* \
(o Jaoes 0 |

A-14 PRESSURE-BREATHING DILUTER-DEMAND REGULATOR

1. Pressure Reducing VAlve 7. Diaphragm

2. Demand Valve 8. Aneroid

3. Oxygen Metering Valve 9. ..=28sure Breathing Lever

4. Alr valve ' 10. Demand Diaphragm

5. Check Valve 11. Pressure Breathing Gear Train
6. Diluter Control Cam 12. Pressure Breathing Control Knsb

Place the number of thz part in the blank space next to the statemeht
that best describes its operat:ion/use.

a., Worked by the diluter lever.

b. The diluter control cam presses on a metal strip attached to
the common lever and closes this valve.

c. Controls the air up to 32,000 feet with the dilut- = lever

51




Ansvers to Frame 4: 6 a. 4 b, 8 c.

Frame 5

The pressure breathing control knob or selector dial on the A-1l4
has six (6) positions that the user can choose from as he goes from sea
level to above 45,000 feet. As shown in the regulator sketch below,
the dial is hooked to a gear train which in turn will crank down the
spring lever and force the dcmand diaphragm to open the demana valve.
The first column in the chart shown lists the six different settings.
In NORMAL, no pressure is placed on the demand diaphragm and the A-14
will work the same as” the A-12A. The second column lists the altitude
at which each setting should be usdd, d the third column lists the

| pressure that is sent to the mask. e: On the dial setting, '™M"
" = thousands). In case of emergency,[\tfhe setting "'ABOVE 45M'" is used.

“\

NO PRSIURC
SAME AS A12A

(2] ]

0.21P%

£

PRESSURE § NGS AND PRESSURE DELIVERED. g

Refer to the chart aﬁove.to complete each of the following
statements. ! :

1, The emergency setting on the A~14 regulator delivers
PSI to the mask.

2. The safety setting will be used at aititudes between

and .

3. At the 43M setting PSI is delivered to the mask.

~ 4, At 39,000 feet the dial setting should be changed from SAFETY

to .
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Answers to Frame 5: 1. 9.43 2, 30,000 ft, 39,000 fr 3. 0.21
4. 41M

Fr?me ]

The first schematic below shows operation at sea level The dial
would be set at "NORMAL." A.ytime that the regulator is not being used
it must be set ou "NORMAL" cor else spring tension on the demand diaphragm
will drain the system. Stud, all of the schematics and read the infor-
mation that tells just what is taking place.

d

No Response lequired

8

§3
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. Frame 7

Place the letter of the sketch in the blank space riext to the
gsituation it matches.

1. You will only breathe alr because thes air valve is opea and
the oxygen valve is closed.

2. The regulator will provide you with 100% oxygen becarse the
air valve is closed and the oxygen valve is open.

(r
g,
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Answs g to Frame 7: 4, 1 2.

i

Frame 8 .

1-503

Place the letter of ~he sketch in the blank space next to the
situation it matches.

1. As you breathe ou® you push the diaphragm against the spring
tension. This in turn closes the demand valve and stops
the flow of oxygen to t'.e mask.

2. When you inhale the spring pushes against the diaphragm. The

diaphragm opens the demand valve and oxygen is forced into
the mask.

10




SET\YERN 30,000
AND 39,000 TURN DAL
TO"sArtTY"

THIS ADDS ENOUGH PRESSURE TO
CYERCOME MASK—LEAXS. IT i$
ADDED INSURANCE

/ 2204

-

Answers to Frame 8§: B 1. A 2.

Frame 9

As has been seid, the "normal" setting on the A-1l4 is used up to
30,000 feet and when the system is not beiny used the regulator must be
left in this position. From 30,000 feet to 39,000 feet, the user
should select the SAFETY setting on the dial. As explained below, chis
is added insurance against hypoxia which can creep up on you. The
SAFETY setting provides nnly .04 psi to the mask.

39,200 -

Use of che Safety Satting on Type ..~14 Oxygen Regulators.
Check the following st=2c¢_ments that are true. ~

{
1 The SAFEIY setting on the A-14 1is used between 36,000 and
39,000 feet.

2. The SAFETY is used in case of an emergency.
3. Hypoxia can creep up on you at high altitudes.

4, When left in NORMAL, the regu.ator will not drain the
system, T
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Ansvers to Frame 9: vy 1. 2. Y 3. ./ 4.

Frame 10

Keep in mind that without the pressure breathing mechanism, the A-14
will work the same as the A-12A regulator. The oxygen 1s reduced in the
first stage chamber to 40 to 60 psi by the pressure reducing valve (1)

a ' the diaphragm (7). The demand valve (2) is still controlled by

the demand diaphragm just the same as in the A-12A. The oxygen pressure
in the seccnd stage chamber can be ccntrolled in two ways. At low
altitude it will be the same as the cabin pressure on top of the demand
diaphragm and during pressure breathing it will be controlled byfthe
spring tension of the pressure breathing lever (9). Remember, the air
for dilution is still controlled by the diluter lever which works the
diluter cam (6) and by the aneroid (8).

Type A-14 Pressuze
Demand Oxygen Ragulator.

Place the number(s) of the component in the blank next to the state-

‘ ment that best describes its operation/use.

a. Controlled by the demand diaphragm.

b. Spring tension of this lever will control the oxygen pressure
in the cecond stage chamber during pressure breathing.

o This part and the diluter l(ver control the air for dilution.

12

57
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Answers o Frame 10: 2 a. 9 b. 8 c.
Frame 11
OXYZEN l
GOES IN
HERE

Place the letter(s) of the part in the blauk space next to the
statement that describes its operation/use. Some statements require
more than one answer.

1. Redures oxygen pressure in the first ztage chamber to 40 to
60 PSI.

2. In the 1002 oxygen position the diluter control cam presses
down on a metal strip attached to a common lever to close this

valve.

)
3. When you inhale, this spring puts a force on the demand diaphragm
and opens the demand valve,

4. The diluter lever works this item.

5. This item will control the air flow to the mask up to 32,000
feet with the diluter lever in the normal position.

6. Exhaling will force this diaphragm against the spring tension
on the pressure breathing lever and close the demand valve.

7. To breathe 1007 oxygen these vaives must be open.

13
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Answers to Frame 11: G, K 1. J < D 3. C 4. L 5.
1 6. F, HV.

Frame 12

flow indicator built in, w2 should say here that with the A-14, the A-3
flow indicator, and the K-1 pressure gage are the same ones as used with
the A-i2A. If you recall, in r*e past lesson we said that the K-1 pressure
gage is bourdon tube operated and shows c¢ylinder pressure. The A-3

flow indicator (blinker) lets the user know that oxygen is flowing

through the regulator by a blinking action.

Before we go to the next regulator that has a pressure gage and a 1

R,
 BLINKER

I
o
" .
2 IH .
Lo P

LI

QXYGE&' “LOW /-
» N_ INDICATOR ~

Y

A-3 Flow Indicator.

Check the follouwing statements that are true.

1. The K-1 pressure gage and A~3 fiow indicator are used with the
A-12A and A-14 : -gulators.

2. all o.vgen regulators require a separate pressure gage.

3. The K-1 pressure gage is bourdon tubte operated. )

14
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Answers to Frame 12: Y 1, 2. ¢ 3.

Frame 13

As was said in the past, there are many models of that same oxygen
regulatcr.  The D-ZA regulator, shown below, is also a pressure demand —
regulator with many changes over the A-l4. The change that is most
easily seen from looking at the face of the D-2A is that the pressure
gage and the flow indicator have been added to it. Now note that no
pressure control dial is seen 80 this shows that the D~2a will zuto-
matically deliver the right pressure as altitude changes. This is done
with an aneroid. The D-2A regulator also has an ON-OFF supply switch
(lower center) that shuts off the oxygen supply to the regulator when
it is not being used. The D-2A is placed on a panel in the aircraft
and the A-12A and A-14 are hooked in the oxygen lines. %

* noR . y
- .
TE 3
- £ - i .
. 3

Type D-2A Oxygen Regulator.

Complete the following statements.

1. The D-2A oxygen regulator has a built-in pressure gage and

A
/.

/

2. {Inside of the D~2A regulator is an _ that will auto-
matically,\eliver the right pressure as the altitude changes.

3. ?ﬂe D~2A 1s mounted in the

aircraft wﬁile the and are connected into the
oxygen line.

oy’
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Ansvers to Frame 13: 1. flow indicator 2. aneroid
3. on a panel, A-12A, A-14

Frame 14

The MD-I pressure demand regulator, shown below, is very much like
the D-2A but has a lot of improvements. Thz compact design naeds about
half of the panel space to mount in and presents the user with a much
more uniform and readable system of controls. This regulator iqa:sed more
at the present time than any other regulator because it can be adapted
to more systems in use. For high altitude flights this is the best )
regulator available at the present time. In the illustration, look
at the three toggle switches that ave used to control this regulator. <
The EMERGENCY toggle (left) has three positions: emergency (up), normal
(center), and test mask (down). The DILUTER toggle (center) has two
positions: 100% and normal. The SUPPLY toggle is simply on or off.

The FLOW indicator is the "flag" type which is worked by a diaphragm.
The pressure gage shows system pressure or pressure before it is reduced
for breathing.

Type MD-1 Automatic Diluter Demand Pressure
Breathing Oxygen Regulator.

Check the following statements that are true.
1. The MD-1 has three toggle switches for control.
2. The MD-1 is used more than other regulators at present.

3. The MD-1 i twice as large as the D-ZA regulator.

4, The emergency toggle has three positions.

k”
»

5. The flow indicator operates from a diaphragm.

31
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Answers to Frame 14: v 1. Yy 2. 3. Y 4. /5,

Frame 15

Let's take a look at the major parts inside the MD-1 before we
talk about how it operates. Mentally match each numbered item in the

. gchematic below with its name from the list below.
DiLYUTER
NORRAL 100%
oxvoeN / oxvoen urPRnY

ORYORN FrROM

converTER
-7

l. Pressure Gage 7. Diluter Aneroid 13. 2nd Stage Chamber

2. Supply Tozgle 8. Demand Valve 14. Demand Valve Lever
3. Press. Reducing 9. Injector Mechanism 15. Demand Diaphragm

Mecl.anism 10. Flow Indicator 16. <Cour er-Weight Lever

4. ls{ Stage Chamber 11. Emersency Toggle 17. Presgs. 3reathing

5. 1st Stage Relief 12, 2nd Stage Relief Anervid

Valve Valve
S. DMluter Toggle

No Respcnse Required

17
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Frame .6

Some of the parts of the MD-1 have, in the past, been pointed ocut ~
to you. The pressure gage (1) shows system (or supply) pressure. The
supply toggle switch (2) just lets oxygen in the regulator when it is
placed in "ON." The pressure reducing mechanism (3) is the first
stage of reducing. This is a spring loaded bellows and valve which
sets the incoming pressure between 37 and 45 psi. As the bellows moves
up and down, the valve moves back and forth (see arrows). The reducing
mechanism is in the first stage chamber (4). The first relief valve
(5) will open at 55 psi if the reducing mechanism fails. The diluter
toggle switch (6) lets cabin air in to mix with the oxygen when it is '
in the "normal oxygen' position and the air inlet-valve is in the ;”‘__:5
"100% oxygen' position. v

NORMAL ORVTE gy,
OXYORN ‘ ozvoem

. ol . Gact
‘:2‘ & -} R o-m ;

OXYGEN- F2OMm
CONVERTER

Match the circled number of the component in the schematic to the
- statement below that describes that component operation/use.

2. Opens a vaive that allows oxygen from a conveiter into the
regulator.

b. When put into the normal position it lets cabin air mix with
the oxygen and dilute it.

c. A high incoming oxygen pressure will affect a spring-loade:
bellows in this mechanism which in turn will set the incom.ng
pressure betwean 37 to 45 psi.

d. A spring Juaded valve that will open at 55 ps? if the pres: .re
reducing valve failed.

e.. Shows the oxygen pressure in the system (supply pressure).

18
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Answers to Frame 15: 2 a. 6 b. 3 c. 5 d. l e

Frame 17

The diluter anersid (7) lets air in according to the cabin altitude
when the Jiluter toggle switch jis in the '"normal oxygen'" position. The
aneroid will expand and completely shut off the air at 33,000 feet cabin
altitude. The demand valve (8) lets the oxygen into the injector
assembly (9) which acts as a venturi (creates a low pressure area).

This low pressure area draws air in to mix with the oxygen. If a large
‘ demand is placed on the regulator, the injector (9) will slide forward
(to the left) and let oxygen bypass through the p.ssageway on each side.
. The flow indicator (10) is a "flag" which is diaphragm-operated and
- shows in the viewing window as the user breathes.

nonmaL SIUTER (oo
OxYGEN OXYGEN

suerLy
OFf ON
A ’

FLOW INDICATOR

— I ) GAGE
) . i 0--300P81

ORYGiN FROM
CONviErTER

P

Place the number of the component from the above schematic in the
blank alongside the statement that best describes its operation/use.
Some numbers can be used more than once.

a. Cabin atmospheric pressure will cause this unit to expand.

b. Creates a low pressure area that draws air in to mix with
the oxygen. )

C. The amount of oxygen that flows into the injector is controlled
by -this unit.

d. Meters alr according to the cabin altitude completely shutting
off the air flow when the cabin altitude reaches 33,000 feet.

e. Operated by a digphragm to show the flow of oxygen each time
the user 1inhales,

f. Slides forward when a high demand is placed on the regulator
to lat oxygen bypass through passageways in each side of it.
19
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Ansvers to Frame 17: 7 a. 9 b. 8 c. 7 d. 10 e.
9 f,

Frame 18 .
The emergency toggle switch (11) gives pressure breathing at any
altitude when it is put in "EMER.” In the n''normal' position, pressure
breathing 1s taken care of by the pressure breathing aneroid (17).
The "test mask' position provides pressure for testing the ‘mask for
leaks while on the face. The second stage relief valve (12) relieves
pressure above 1.5 inches of water pressure in th¢ second stage chamber
(13). The demand valve lever (14) 1is hooked, at one end, to the demand
diaphragm.” It will push the demand .valve found ‘on the other end of the
lever up and dowa. The counterweight lever (16) provides a linkage to

' the emergency toggle switch. It stops the fluctuation of pressure in

the second stage chamber. The pressure breathing aneroid {17), which
was mentioned earlier, automatically increases the pressure load on the
demand diaphragm as the aircraft altitude increases. This, in turp,
increases the pressure sent to the mask.

NORMAL - 100%

HLOW INDICATOR oxvaru Oxvaem Jurey
- t o

GACH
. 300PS!

OXYOEN FROM
COnNVERTER

R=~510

Place the number of the part from the above sketch in the blank
space alongside the statement that best describes its operation/use.
Some numbers can be used more thsan once.

a. In the normal position aircraft altitude will cause this unit
to expand and increase the pressure load on the demand
diaphragm which, in turn, will increase the pressure sent to
the mask.

G, Provides a linkage from the demand diaphragm to the emergency
toggle switch.

c. When moved by the demand diaphragm, moves the demand valve up
or down to increase or decrease the pressure sent to the mask.

d. When placed in the emergency position it will provide pressure
breathing at any altitude

20
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\_J/ Frame 19

In the sketch shown you can see how the MD-1 works below 30,000
feet when the user inhales or calls for oxygen.* Follow the flow of
oxygen and air through the regulator as we talk about how 1t works.

With the supply toggle switch ""ON," oxygen goes to the first stage
chamber where the pressure is dropped to 37 to 45 psi. Oxygen now ’
goes down to the small chamber below the pressure breathing aneroid.

T aneroid has not expanded and the diaphragm under the aneroid has
this port closed. When the user inhales, a vacuum 1s formed in the
second stage chamber (shawn by the circles) that will raise the demand
diaphragm and the demand lever which, in tiurn, opens the demand valve. °
Oxygen will now flow through the top of the demand valve and .through

the injector, which will cause a low pressure area and draw in air .
from around the diluter aneroid. Oxygen also goes up tc the flow
indicator diaphragm and pushes the flag up to the window. The air and
oxygen now mix in front of the injector and flow to the mask.

Answers to Frame 18: 17 a. 16 b. 14 «c. 11 d.

r

NORMAL

g 100%
OXYGEN

oRYOEN

PLOW INOICATOR suRPLY

OFF ON
N

PRESSURE
GAGE
0—seors: *

OXYGEN
COnviERTER

LEGEND

AR :>
oxvaEN

Select the statements that describe thz operation of the MD-1
oxygen r julator. (Circle the number(s) of vyour choice.)

1. As you inhale the demand diaphragm will rise and opén the © .
demand valve and let oxygen from the cor’erter flow through the
injector.

2. The oxygen that flows through the injector wi'l create a low
pressure=area that will draw in air from around the diluter aneroid
and mix it wi.3 the oxygeu.

3. ror items 1 and 2 above to happen the suvpply toggle is in the
"ON'" position, diluter toggle is in ''normal, oxygen," the emergency
toggle 1s in "NOR," and the aircraft must be below 30,000 feet

21
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Ansg;)r’s;to Fra;rae 19: . @ @J@

~

Frame 20 . . )
Let's take a look ‘at what goes on in the regylator when the user,

exhales or breathes out. Muscular effort.on the part of the user is
needed to overcome the pressure in the regulator. This is especidlly
.true if the pressure breathing aneroid is in operation. 'When the user
breathes out hard enough, the demand diaphragm drops down and lets

- the demand valve gu closed. This back pressure also closes the air
check valve below the diluter ameroid. Pressure on the top side o{ the
flow indicator diaphragm pulls the flag out of the window. Oxygen
pressure will quickly build up in the first stage ¢hamber and close the
reducing valve. When the user inhales' again, this pressure is reversed
as was explained in the previous frame. B

NORMAL
OxXYOEN

100%
OXYGEN

0AGE
04—30008¢

SREATHING
ANCIO

E:

hadl +

OXYGEN FROM
CONvVERTER

an D

oxvoen mip
/

/

Select the trye statements from the following. (Circle the number(s)
. of your choice.) "

1. When the user exhales, the flow indicator flag is not visible,

2. Muscular effort is required when exhaling into the regulatogg

3. When exhaling, the demand diaphragm drops and closes the
demand valve,

4. The diluter toggle must be in 100% oxygen ¢ get air in the

,regulator,
of
5. The first-stzge chamber reduces prescure to between 37 and

45 psi.




CONVERTER
LEGEND
an CD
- OXYGEN I
; =131
Select the statements that describe the operation of the MD-1
regulator durirg piessure breathing. (Circle the number(s) of your I ~
choice.) d

.and:raised the dem=nd diaphragm which, in turn, holds the demand valve .

2006

Answers to ?rame 20: ' (:) _<§> (:) 4, '<E>

Now, let's talk on how the MD-1 regulator works when pressure
breathing. As we have said, pressure to the mask is changed auto-
matically by the pressure breathjing anaroid as cabin pressure goes up. N
A safety pressure of 0.1 to 0.2 inches’o¥ water is sent to 'the mask at
altitudes of 30,000 td 39,5C0 feet to do. away with the charrce of a /f:B
negative precsure at the mask. Near 40,000 feet, the pressurg breathing
aueroid has expanded to give automatic pressure breathing to the user.

This presgure is from 2 to 15 inches of water pressure dependfng on

cabin altitude. You can see in the sketch shown that oxyzen from the .
pressure‘breathing aneroid has raised che demand diaphragg which now

holds the demand valve open. The cycle shown is when .the’user is

breathing in. To exhale,.the user has tg overcome the pressure on the
demand diaphragm. See, too, that the diluter aneroid has cldsed the *

air inlet and the flow indicator flag can be seen in tﬁe window.

Frame 21 }

+100%

) NORMAL | -
"OW INOICATOR OxYGEN oxvoen olumy . 4
- LY .

3 ) ’ -
- . onurne . :
! - , ;

. ks oact
1o e . ' 0500051

J’.
1

OXYGEN FOM

1. At altitudes of 30,000 to 39,500’feet a safety pressure of 0.1
to 0.2 inches of water 1s sent to the mask to do away with the chance
of a negative pressure at that point. -

2. . Around 40,000 feet the pressure breathing aneroid has expanded

open,, .

LS 3. To exhale you have to overcome the pressure applied®w the

demand diaphragm. ; R
-f L . )

N 23



i ‘ Ans?w?e{'z to Fnanie 21: @ ,@ @ — ‘ “'

' " Frame 22 C - -
L ) : 4 i
E . INSTRUCTIONS .
| - Identify the components of the MD-1" 6xygen.f§gulator by matching '

the letters in the arrowed circles with the name of the iEEE below. .

e

. . . . J

NOAMAL o 1] hﬁiﬂ J
FLOW INDICATOR OXYOEN OXYGEN ;""”'g"
: — N
) ! .
) R asior +—©) ,
0300081
-
OXYOQRNTPROM . 9
CONnvERTER
/ "
> ’ -
B 1. - Pressure Gage LO? Flow Indicator
2. . Supply Toggle 11. Emergency Toggle
( 3. Pressure Reducing 12.° 2nd Stage Relief Valve
) Mechanism 3. 2nd Stage Chamber
. 4. ls: Stage Chamber 14. Demand Valve Lever
5. 1st Stage Relief Valve 15. Demand Diaphragm -
. . 6. Diluier Toggle 16. Counter-Weight Lever
7. Diluter Aneroid 17. Pressure Breathing Aneroid |
8 - . r

Demshd Valve
Injector Mechanism

2

“

3
<
L]
pag

o
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Answers to Frame 22: £ 1. 0 2. Jd 3. D 4. P 5.
M 6. F_7. 1 8. A 9. N 10. !
L 11. G 12. B 13. H 14. K 15.
C 16. Q 17.

. Frame 23
\ ¥ NORMAL Il 100%
OXYGRN ORVGIN
FLOW INDICATOR N SUpPPLY

.

~

Essure
[ YY1
Q- S00P51

ORYOEN
ROM (
CONVERTER
LEGEND

Al :9
ORYGEN

Select the statements that describe the cperation of the MD-1
regulator below 30,000 fect. (Circle the number(s) of your choice.)

1. Both the nressure breathing aneroid and diluter aneroid are
compressed.

2. The pressure bieathing aneroid expands while the diluter
aneroid is compressed.

3. With the supply toggle in "ON,™ oxygen goes to the first
stage chamber where it is reduced to 37 to 45 psi.

4. When you inhale a vacuum is forumed in the second stage chamber
that raises the dem.nd diaphragm and opens the demand valve.

T5xt Oxygen will flow through thg injector which creates a low
pressure area that draws air in thiough the diluter anercid valve.

6. Both che oxygon from the injector and the air from the diluter
anexoid mix and fiow co the mask.

7. As you inhale a pressure is placed on tue demand diaphragm
forcing the domand diaphragm to close the demand valve.

8 As you inhale a pressure is placed on the top of the flow
indicatdr diaphragm which puils the flag out of the window. ,
. - ,
25
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Frame 23 (Cont'd)™. J

-

.

—

-

{ v

" Select the statemencs _hat describe ‘the operation of the MD-1 regulatdsr

during g;gssure'breq;h ng.
3

.

(grcle the number(s) ¢f your choice.)

-

9.

altitude closigg the. diluter valve.

10.

The diluter aneroid will expana as the aircraft rises in
£

The atluter anerqid will cend a safety pressure of,0.1 to 0.2

inches of -water to the mask at zltituded of 30,000 to 39,000 feet.

11.°

»

Near 40,000 feet, the pressure breathing aneroid has expanded

and provides oxygen pressure to the mask’ équivalent to 2 to 15 inches
of yater pressure.

12.

The pressure oreathing aneroid supplies oxygen pressure to -

raise the demand  diaphragm and close the demand valve. -

5 .
- =
- 13. During,pressure breathing a person cannot exhale.
~ ! . .

14. When oxygen pressure is suppliede~to\ the mask it also .1s placed
on,_the bottom of the flow indicator diaphrigm raising the flag in the
window.

\‘\.\\‘ . } ’.
-~
’
' 4
i
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Answers to Frame 23;

(1) 2. © G 7. e
) 1. ¢y 122 13 @)

. - Frame 24
The oxygen.regulators that a_e used in high pressure ‘gaseous
oxygen systems (1,800 to 1,850 psi) where a pressure reducer ig-not -
-installed between the¢ cylinders and the regulator are the MD-2 and
MB-2 pressure demand regulatorsg.] If a pressufe reducer 1s installed,
regulators such as the MD-1-and D-2A can be used. The principles of
opera.ion of the MD-2 and MB-2 are the same as fhie MD-1. Howevér,
these regulators are henstrugted\internally to withstand high pressure.
The MD-2 shpwn (note the high préssure gage) looks the same as the
MD-1 but the two regulaters cannot be interchanged. .
. - d ~

\ mﬂm REGULATOR

Qm*b“;‘%j )

i

] TESY AN OXYeEN OFF

MD-2, Oxygen Resulator

&
~

Check the following statements that are true.
1. Tﬁ:_MD-Z and MB-2 are high-pressure regulators.

2. The D-2A regulator is designed to withstand high pressure.

3. The MD-2 is a pressuré demand re;ulaior. -

. .

4, If a pressure reducer is installed between the high press re
cylinders and the regulator, it's possible™to use the D-2A.

L :

-
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Answers to Frame-24: _ 7 _T. / 2. /3. /L.
. . ! v
Frame 25 -
\ .
The pressure demand mask, type A-13 and type A-13A, are used with
the pressure demand ‘oxygen system. [Pressuré demand masks are not like

demand masks in that they’'will hold presser

pressure.

of the mask

A flap or seal made of rubber
to keep the oxygen in the mask.

higher than ambient
forms a ring on the inside
Check valves (2) keep the

oxygen 1nlet

closed while the user 1is exhaling.

The exhalation valve

(3) opens only at a presssre just a little more than that on the inside
of the tubing leading to'the mask, The housitag of the exhalati.n valve
forms a tube which goes_down into the inlet tube (5). Througb this
tube, the oxygen coming in sends jits delivery pressure to act upon the
lower side of the, compensating diaphragm (6): This pressure keep; the
exhalation valvp/Q3) closed until a little grq;ter pressure caused by

-exhaling 1 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 port (8). The mask-to-regulator ‘hose in the pressure demand
system i# the same as in tﬁ;idemand §xftem; ¢

Type A-13 Pressure Demand Mask.

Place the number from the sketch shown above in the blank alongside
the statement that best aescribes the mask's oparation/use.

. , ‘

a. Will open when the user inhales ard closes when thg user
exhales. .. .

b. Will stay closed until a little greater pLessure causid by

exhaling 1s placed on the upper surface of the main diapnragm
at which time it will open.

c. Exhaled air will leave through this port.




\\ "30M°" (pressure breathing at 30,000 faet), "42M" (pres

»

hat® 2Tkt
&

. -

- ¢ ‘
Answers to Frame 25: 2 _a. 3 b. _8 c. 3722

\ - L
»

( Frame 26
The portable pressure demand unit is shown below. It consists of ,—
the A-21 regulator and the A-6 cylinder. The pressure demand unit is
instaliled in the larger aircraft with an operating range above 35,00
feet. .The A-21"1is a st;aight demand regulator (no air) and contains _/
a bei]bws-operated pressure reducer. Pressure breathing is:caused by
turning the control knob which puts 3 load ort the breathing diaphragm
through a system ¢{f springs and levers (very much like the A-14). The
control knob has four (4) settings: 'NORMAL" (demand 3§Iy, no pressure),
reatipfnz at
42,000 feet), and "EMERGENCY" (continuous flow of oxygen to the user)

“
- -

/ . ' /\ o | .
type A-21

PRESSURE -BREATHING REGULATOR

;\.mmmd”»

. . pressure 10p mechanisg (Places
» Prouure Breathing mechanical load on breathing dic-

: Control Knob phrogmwhich is boloragl by pres-

g md"bndm exygen below.)

OUTLEY
. CONNICTION OF _
G MECANSMONYODN PASIEs onvoen ATV '
-~ g 1 N S
AT 40 to 60 psi BREATHING PRESSURE Pressure Demand

»

Check the.following statements that are true. -
Pl. The A-2]1 1is a pressure demand portable regulator. . )
. . S
2. The A-6 cylinder is used with the A-21 regulator. a
L - .
r
3. Pressure breathing is controlled by an anergid in the A-21.
R 7\ v ’ "
"-4_,_..# I ’
Y
1 ey )
- ~ (‘ ‘
Answers to Frame 26: Y 1. /2o 3.
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¢ FOREWORD
/ h -

Tkis programmed text was prepared for use in the 3ABR42331 Instruc-
tional System. The material contained herein has been validated using
students. enrolled in the 3ABR42331 course. Ninaty perceat of -the
students taking this text achieved or surpassed thé criteris ulled
for in the lesson objective. The average student required 1 hour
and 15 minutes to complete thi{s text.

-

, CBJECTIVE
. B R @'
Relate five of six gaseous oxygen system components to 1ts
- operation. ) .
.
! INSTRUCTIONS . ‘

»
¢
. ,*

This text presents matexial in small steps cdlied:'frames." After
each frame you will find & number of statements and ycu are asked to.
selact the trus -tatewent or statemepts frca this list. Read the
naterial cu'ofully before making a salectica. ’l.'hc ansvers to the-
statements can be found on the top of the next ‘frame. If you select
the correct answers, caritinue to the next frame. If you are wrong or
in doubt, read the material again and correct .yourulf befora

. continuing.

. . ‘
Supersedes 3ABR42231-PT-3138, 2 December 1970,.\

ORR+* 3370 TTG
DISTRIBUTION: X ’ ’
3370 TTGIC - 600; TTVSR - 1 ( .
a / ] ,kf‘ . *
/ 2
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- Frame 1

X Continuous flow or constant flow oxygen equipuent is not used in
any of thea combat type aircraft, but it is uged in some of the .tiaining
‘aircraft, and in all cargo aircraft that take part in air evacuation
and the transporting of troops and cargo. The crew which is in the
front part of the aircraft uses the demand type oxygen regulator, .
while the cargo part in the rear of the aircraft usas the constant flow
systgm. The main reason for this is that the constant fiow systenm
does not meet the needs of the crew. The supply for the constant
flow system is the sams as it is for the demand syatem, either the
gaseous or {he 1iquid may be used. °*Since there are many comstart flow
systems that aze now in use, 'this text will be limited to the one that
is found on tr’psport or cargo aircraft and is called "THE TROOP

1 . - -

OXIGEN SYSTEM.

- Check the following atgtemnts that are true.

#® 1. Constant flow systems are not used in combat aircrafc. 4

~

A . )

2, Constant flow systems use only ’a gaseous oxygen supply. .
- v - kR . 3. There are many differegt constant flow systems. . \

. - ~*4. The constant flow system 1n transport or cargo atrcraft .
. ) . _ 1s the troop oxygemwsystem. . ) L. i
{ - ‘ : ' ‘
. o~ \. - ’
I'd
\
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Ansvers tc frame 1: __ vV 1, 2, _ Y 3. _ Y 4.

in :the system that are going to be covered in this text.

. Frame 2

Tre ts.oop or, gen systﬁm will supply oxygen for up to 154 troops.
It will wozk at a supply pressure of 300 psi. The pressure regulator
18 used to regulste the distribu.ion pressure from 29 psi tc 69 psi,
depending on'hw high tha aircraft is flying. If the aircraft is at

e low:altitude, 'a atrrag flow of oxygen will be needed due to the high

[y

" atmospheric pressusa that's around the lungs. The troof system is-

made ap of a pallst that is removable and an oxygen ragulator panel.
Look at the schemati: that is on this page. Tnis will show the items

—— - -

T
A [ 4

: mnnl %1 I
* - RECHARGER OUTLE™S
. THERAPRUTIC THERAPEUTIC

OXYGEN SOX OXYSEN 30X

- TROOP OXYGEN
REGULATOR PANEL

r— _— e e — - .
CHECK VALVES Vi~ | ) l
O%ENS A -
| 723 Du , I .
4 I == — .
: .l‘ o::nsL | N
1 * ast sl |
s
7R |
| omcg AY . U ' |
A3 | Fta e |
' REGULATOR : |
l . ¥ U I :
L_ =l —— —— — — — : ::J 1
) ) .
i | |
- I
‘L MASK ' }
d o OUTLETS ==~ ) |
. \\; |
- ' \ ; | HEAT excHANGER —of .
-t_i.__j ! A
: e . Treap Oxygen System Schemeti:
: 1I11111111011111111 '
\ L No Response Required
» co :
- .’ . 4 » ,
' !
v
. 4 -
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oy ) T . Frame 3
y .

"Part of the troop system -is the liquid oxygen pallet which is
shoum on page 5. This pallet will hold two 75~1liter consertars, two
heat exchangers, and the electrical connections aad lines that are
used to join it sto the fixed'part of the system. These pallets are
completely removabla when they are empty, and are repaired by the
shop. - . ’ )

'\ Check the following statements that are truae.
1. The liquid oxygen pallet is removablea.

2, the pallet contains two 75-licer converters.

3. ‘f‘m liquid oxygen pallet is repaired by the crew chief.

H
4, Heat exchangers are ndt used on the liquid oxygen pallets.

| 5. The liquid oxyfen pallet is part of the \t:roop aystem,
i _ .

164
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Answers to Frame J3: Y 1. Yy 2, 3. 4, -V 5.

&

Erame 4

Thke troop regulator panel is jn the cargo compartment and is made

up of the folloling itgme: Two (2$*conztant flow regulatorg, four (4)
! heat exchangers, three (3) dual check velves, -and a pressure switch.
There is a self contained troop oxygen panel which we will talk
sbout at a later time. The supply lines that are on the panel are
joined to each of -the regulators through’ she dual ch:ik valveg.
Bncaul‘ of the different ppring loads in the check valves, eilther
or both converters will be able to supply oxygen to either or both
regulators. The heat exchangers are user. to warm up the gaseous

.+ Ooxygen to a temperature t will ba safe for breathing.

X Gor )
(fi

»
A=
g ';VL =S

P
* " OXYGEN RESULATOR PANEL

’ 11111111111121111111
No Response Required
‘ 6
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Frame 5

s q{

. .oy

The constant flow regulator that is now being:used in the troop
system is the Scott 100-man regulator. Two (2) of these regulatnrs
aré used in this system.  They are hooked [in parallel so that if one

- of them fails to work, the supply to the pther regulator will not be
cut off. The Scott regulator has a built-in flow-control valve that
will automntica‘ly ‘open at a cabin alti*vde of 12,000 to 14, 000 feet
to let’ gaseous oxygen flow, to the troop outlets. This flow of’ oxygen
will go on wuntil the cabin altitude drops to 11,000 feet. Look at the

sketch shom.

A manual on-off switch (top right) is used so that the

~fegulators are able to be turned on at any altitude down to sea levael.
A pressure operated on-off indicrtor (cen;ar right) is on each

reagulator

tell you.whether or not that regubator-is cn. The test

to check the operation of the indicator.

port is use

SN

OXYGEN REQULATOR

3

Check the following statements that are true. 4
1. Scott comstant flow regulators have an automatic flow
control valve. ,
i
\\ 2. Only one (1) regulator is used in the system.
¢
El 3. The Scott ragulator can be maaually turned on at any
altitude.
&, The regulator will automatically opan at 12,000 to 14,000
feat cabin altitude, g
5. When the cabin altitude drops to 11,000 feet oxygen will

stop flawing.
.\

11}
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. Angwers to Frame 5: v/ 1. -2, v 3. Y 4, Y s,

;;::;> \‘ Frame 6

4ho troop oxygen pauel (shown below) 1is*joined to the oxygen
regulator pare’. This panel liolds two (2) 75-1iter oxygea quantity
indicators (A), one for esch of tho liquid oxygen converters that are
found on the pallet. Fcrom this part on we are going to refer to
1iquid oxygen as LOX. There is a "PUS TEST" button (B) that is
found below each indicator. This button is used to check the opera-~
tion of that inAicator. Ir each of the quantity indicators there
is & microswikclhi. This switch 13 used to turn on the LOX quantity
low light (C) when the system quantity drops to 7.5 liters. This
light tells the crew that they are low or oxygen. There is also a
pPressure switch found in the system. : This switch turns the '"Oxygen
On" light (D) oa when the system. is filled with gaseous oxygen.
Whsn the oxygen regulators are open and a supply of oxygen is
placed in tha aystém, presaure builds up on the emergency horn
anarcid which;Yin turn, sets off the emexgancy horn that is in the
cargo part of the aircrarit. This warning horn is aigo turned on when-
ever the quantity of the LOX drops below 7.5 liters. ‘There is also
a "Horn Shut-Gf£f" button (E) that is located on the oxygen panel.
This button is ured to manually shut off the horn. The "Oxygen
‘Lights and Horn" test switch (F) is used to check the operatism of
the horn and oxygen lights. Thr "Bright and Dim" toggle gwitch (G)
on the oxygen panel is used to manually dim or brighten the oxygen
lighta. . . .

TROOP OXYGEN PANEL

B /,

Check the following statements that are true.

+ The crocp oxygen panel is used to monitor the supply system.

+ When the supply drops below 7.5 liters, the LOX QTY LOW
1light ccmes on.

. The troop oxygen panel ig connected to the oxygen regulator
panel.

-1
— 2
-3
— b

. A varning horn i2unds when the converters are empty. .

8
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Y. Adsvers to Frame 6: v/ 1. v 2, Y 3. 4, -
. " Frame 7

—

L

Joined with the troop oxygen system, there is a therapeutic
. oxygen eysten. This systen {s to be ugsed for patients that must have
wpecial care. It is made up of seven (7) oxygen regulatorc. " These
" regulators are found in two therapeutic boxes, which are on the right
side of the cargo compar t. See the sketch cb_glow These regula-
tors are adjusted by to get the right amount of tlow. There is
, a -hut-off valve'on the oxygen regulator panel. This valve is used
to shut off the system vhea it is not in use. Thare are three (3)
recharger hoses that are used to fill .the portabde bottles in case
7 amore than seven (7) people naed thaerapeutic care, _ -
\ ‘

. s THERAPEUTIC OXYGEN
. SYSTEM

Check the following statements that are trus.

1. The therapeutic oxygen system contains seven (7) hand-adjustable
regulators.

Z. The therapsutic system had seven recharger outlets.

3. This system. contains a shut-off valve on the oxygen regula-
* tor panel.

i 4, The seven (7) oxygen regulators aze installed two therapeutic
“ oxygen boxes. ’
|
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Answers to Frame 7: v 1. 2. Yy 3. Y 4. .,

-

ﬂ Frame 8

The distribution lines ate found on each eide and or the center
top of the cargo compartment. These lines have sclf-sealing oxvgen
)k outlets. These outlets have valves which will detexrmine the

@mz of oxygen that will flow to the mask. :

———

o 1. Oxygen mask outlet

! . 2. Oxygen rasgulator panel

3. Troop oxygen pansl Y
4. Manifold assembly
4A. Purging locations <

) “AA . Troop Oxygan System Compenents

2
£

Check the following statements that are true.

1. The oxygen mask outlets are instalfed in the distribution

——m—

2. The oxygen mask outlets are self-sealing.

v
3. The oxygen mask outlets are not installed in the cargo
compartment.

-

&

4. The metering val\fr'es determine the quantity of oxygen at

the r.ask.
. 114

o . o

S. Therapeutic oxygen box »- .
6. Oxygen converters d’\' £
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Answers to Prame 8¢ y 1. Y/ . 3. / 4,

Frame 9

, n
The troop oxygen mssks are made of .flexible plastic- They are
cone-shaped units and hLave a headstrap. The oxygea 1ibs supplied to
the mask by a piastic hose which is joined to the oxygen makk outlet.
' (See the sketch below.) Care should be used to be gure that all of
the marks that are plugged in are in use, Since this is a constant
flow system, any mask that is plugged in and 1s npt being used will
drain the' supply of oxygen aud could cause a fire hazard by filling
the compartment with pure oxygen. '
d
i

PICAL ~
INSTALLATION

“

PERMANENT
OXYGEN
DISTRIBUTION
QUTLET

QXYGEN MASK
CONTAINER

Check the fellowing nutwq\ta t:hgt are _t_:_.:r:_u_g.

1. The troop oxygen masks are’ cone-snaped.
2. Oxygen is \upplied to ti : mask by way of aluminum tubing.
3. The uasks are made of plastic. |

4., ALl nasks vhich are plugged in should be in use. ,

b 4
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Acswvers to Frame 9: Y 1. 2. Yy 3. Y 4,

Frama 10

-

S *

Rejute the Sollowing six oxygen system couponent:s to the statement
that best describes their operation in the system. Place its laetter
in the blank provided. .

) a. Heat Exchanger.
~b.  On-0ff Indicator , i
) " e, Microswitch
e / ‘ d. Oxygen Regulators
e, Converter s & ‘
£. Flow Control Valve ' ’

1. Mounted oh ench oxygen Tegulator panel and are used to warm
up the gaseous oxygen by absorbing heat from the atmospheric
air.

2. Built into the Scott oxygen regulator and ml lat gaseous
oxygen flow to the troop outlats at s cabin altitude of
R . 12,000 to 14,000 fest.

3. Hounted inside the quantity indicators on the troop oxygen
pansl and will turn on the LOX quantity low light when the
. 8ystem qu.nt:ity drops to 7.5 liters.

4. Found iu the thorapcutic oxygen system u\d are adjustéd by
hand to gt\hﬂ right smBunt of oxygen flow to pstients
_who require-special care. .

-

. . S. Uses the principle of a vacuum bottle to store the liquid
! .- oxygen used in the troop systenm.

T— 6. Pound on the oxygen Tagulater and 13 pressure operated to
tell you whether or no: tre regulator is on.

IF YOU HAVE MfSSED JUST ONE ITEM GO BACK AND REVIEW THIS COMPLETE
PROGRAMMED TEXT.

116

12

e



2035

2 PROGRAMMED TEXT

Technical Training

aircraft Enyironmental System Mechanic

-~

CHARACTERISTICS AND SAFE HANDLIN(’OF LIQUID OXYGEN

8 September 1977
L4

X
- -
& g
4

[

A" {
b+ d
3

*

%

»

3350 TECHNICAL TRAINING WING .
3370 Technical Training Group
Chanute Air Force Base, Illinois

3ABR42331-PT~-402

--

) = DNESTGNFD Fi/i{ ATGCOURSZ_LISE
) DO 2oT USE ON 187 JOB

.
¥

“



) b ST

FOREWORD

This Erogrammnd text was prepared for usz in the 3ABR42331 Aircrdaft
Enviroumental Syst Mechanics Course.. The materials contained herein
. were validated us students from thé subject course. At least(90%
- of the studemts taking this text achieved or surpassed the criterfa
established in the lesson objectives. The average time for completiom
of tH1s text was 55 minutas.

. . OBJECTIVES
. . ) 'L’
After ccopleting this programmed Eext, you will be able to: s

. ¢
1, -Select without error, safety precautions relative to the
explosive, fire, and temperature hazards involved in the storage,
handling, and use of 1iquid oxygen.

. . INSTRUCTI
veTIgNS-

This programmed text presents material in small steps called "frames."
After each frame you will find a number ol statements and fou are asked
" to select the statement(s)‘that are true. Read the material in each
frame before making a selection. The answers to each frame can be found
at the top of the next pagg. If yod\select the correct answers, con-
. tinue to the next frame. If you age wrong or in doubt, read the .
material again and correct youraelf befors continulng.

- »* /

(//'
Supersedes 3ABR42331-PT-402, 18 3eptember 1972,
OPR: 3370 TIG ’ .

DISTRIBUTION: X
3370 TTGTC - 400; TTVSR - "¥

, o l1g
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Frame 1 ’ " ' . 2237

~

While the l1l&w pre;sure’ and high preesurc gaseous systems are still
being used on Air Force aircraft, these systems are gradually heir~ ’
changed to the LOX system. Since Arflight refueling was introducea,
an aircraft can fly for long periods of time. The pilot and crew need

! - large amounts of oxygen. The low presgure gaseouscylinders are light .

" but take up a lot of space. The hfgh pressure cylinders take up less

L ¢ space but are heavier. The best choice was to use the LOX system,
which saves space and weight. The average weight and space reduction
£6r all aircraft is ,4% (see illustration).. - ot
~ s ' !
3 * . *
' N ‘ . \_
o . . TYPICAL CONVERSION
»~ -"{ . .
GASEOUS CYLINDERS
7
LIQUID CONVERTER
k)
+ , .
€ . I
. Check the following statement(s) that are true. .
' H
1. Liquid oxygen saves both space and weight. ’
- . b ,
. - 2. Because of inflight refueling no oxygen is needed. ;
¢ . .
3. Hign-pressure cylinders will save space but increase weight..
PR, b ¢ )
4.' Average space and weight reduction using liquid oxygen is 74%.
= 5
§
@
¢
N\
¢ 3




Answers to Frame 1: v 1. / 2.0 v/ 3, /4, ‘ X T
. Frame 2 : y
J7 . Shown below is an example of space &nd w, ight reduction on a . h
. < fighter aircraft., Oe five liter LOfcoMer will replace asnd give
as much oxygen as six high pressure oxygen cylinder. - N .
. - s {
v,
* ’ " b
. « ’
B o No Response Required /
- - . , - » ' . 4 '
- ! . N )
- ' ‘ ,/
) A '
. . . . - 1 —/
D
« ’ - 6 "()
. . d ' '
R \
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Answers to Frame 3: Y 1. /o2, Y- 3. 4. 5.
= -
Frame 4 - : -
: L ,
As we said earlier, LOX is made by the comprepsion and expansion {

of air. The temparature of the air when -it liquifies is between -297°F

and -361°F. When the temperature of the LOX is dropped below -361°F,

it becomes 3 solid, and When the temperature 's raised above -297°F

the LOX will start to "boil off" and change into a gas (see Allustration).
The boiling point of LOX is -297°F. The most important thing about LOX

is its expansion capability when it changes from a liquid. to a gas., One

liter (a iittle more than a quart) of LOX will expand to 860 liters of

70°F gaseous oxygen. You can see the advantages heve for aircraft use.

The i1llustration below shows the difference between thg boiling and

freezing point of water amd oxygen. - Vel -
| /i .
WATER (PART "A™) OXYGENF({FART "B")
." ) -
_ L) >
_GASEOUS BOILING POINT oaseous|  GAsEOus ;g;y:g:zsvnr
a— 212° ABOVE *.* —_—
JN“JLU“ IERO e)’ 2( !“ 1ERQ
AN AN -
. {212° § . LlQUID . {—297° €]
T ouQuip LIQUID LiQuID OXYGEN
er——mt——1 M ——
s -
. 3
FREEZING FREEZING J
POINT 32° POINT 361° )
— ABOVE IERO BELOW LERO /
souo ICE — $oLp SOLID —
’ 132° ¥ ——{ ©  OKYGEN {~361° £
. ’ >
* »

Check the following statement(s) that are true.

1. ' The boiling point of 1iquid oxygen is -297°F. -
2, Oné liter is slightly more than one‘quart. ‘
3. Liquid oxygen will not expand very much,

4, At =361°F liquid oxygen will become a solid. .

5. The expansion ratio of liquid oxygen is 360 to 1.

6. At a temperacure\above -297°F the liid becomes a gas.

7. The most important thing about liqui
expansion capability. .

xygen 1s its
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From the previous lesson you know. that oxygen is a gas "that can be
changed to a liquicf. The first LOX was obtained by Sir James Dewar .
{a Scottish scientist) in 1886 and was recently adopted for use in
aircraft. LOX is made by taking all the carbon dioxide, water, and
other impurities from the air. The pdre air is then compressed and
the heat given off by the compression is taken out through sevaral
. stages. The highly. compressed cold air is then brought through a coil
T & that is.submerged in a cooling agent for more cooling. The air is then
passed through gn expansion valve that will drop the pressure from
3000 psi t6 75 psi and the air will-turn into a liquid (see 11lustration

below). < o
¢ ’ - . v . N
: < [ ’ m
s .‘ I . . . \'A‘ i
. ’ h)
il . g o
SURROUNDING AlR : . a —_—
pr—— | . - s S
I -
I ) j
EY 1 l ——
—-‘—} 1 { —
J U
. . HEAT U
COMPRESSORS PURIFIERS - EXCHANGER RECTIFICATION .

COLUMN

" heck the following statements that are true,

1. Before bteing liquified the carbon dioxide, water, and other
impurities must be removed from the air. éf'-
£ -

2, Oxygen in its normal state is a gas.

s 3. Liquid oxygen is obtained by the compression and expansion
of air. .

4. Liqu'id‘ oxygen has been used in aircraft since 1886.

' 5. Highly compressed hot air is brought through a coil that is
. submerged in a cooling agent.
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Answers to Frame &4: /1. Y 2. 3. Y 4, -/ 5,
6. - ¥V 17 )
- 1 4 " 9 —_—
Frame \S » .

We said gaseous cxygen was colorless, odorlegs” and tasteleas.
Oxygen in a liquid state Ras a pale blue color when exposed to the
atmosphe~e. In other words if you drained some out of the storage tank

_4into a bucket it would be a pale blue color. When.lOX is exposed to

the atmcaphere it will gvaporate very fast, and if {t is spilled on the
ground or floor it will form irto small "balls" like water on a waxed
surface. Be sure not to step on these balls of liquid. If any oil

or grease is mixed with the liquid the shock may cause an explosion.

Check the following statements that are true.

1. Liquid oxygen is pale blue in color when exposed to the
atmosphere.

2. At atmospheric temperature liquid oxygen ¢ -3porates very
rapidly. -

3. When spilled, liquid o boils off slowly.

4, Liquid oxygen £ into small balls like water on a waxed

- suirface.

step on spilled liquid oxygea an explosion may occur.

»

u
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Answers to ' rame 5: Y 1. /o2 3. Y &, Yy 5.

Frame 6 ‘ ' éi

Oxygen can be kept in a liquid state at atmospheric pressure by
keeping- its .temperature at or below -297°F. There are special ‘containers
that have been made to store the EOX (see illustration below). In these
containers the oxygen will be able to stay in.a liquid state without
applying any press@re. By increasing the pressure on the LOX it can be
kept at higher temperatures until its critical temperature is reached. The
critical tcmperature of LOX is ~182°F and nb matter how much more pressure
is placed on it, oxygen will rot stay in a liquid state above this
temperature. The storage comtainers have vents.to the“atmosphere because
when there is no pressure applie. to the LOX, a certain amount of the
liquid is going to boil off. :ip try to hold in the expanding gas is not
too practical.

FOR GAS USERS

Checx the following statements that are trus,

1. By applying pressure tuv liquid oxygen, it can be kepr at a higher
temp rature.

2. Pressure will not have aay effect on the oxygen boil off.

3. When liquid oxygen is stored without being under pressure, the
containers must be vented. .

4. The critical temperature of liquid oxygen 4s -182°F.

5. Using special containers, oxygen can be kept in a liquid state
without applying pressure.
8

*

124
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Answers to Frame 6: Yol 2. Yy 3, A vy 5.

Frame 7

There are two LOX containers you will be most concerned with. They
are the ones used to store LOX on an aircraft and the cart that 1is used
to service the aircraft with LOX. The sketch that is shown below 1is a
typical container that is used on the aircraft. The container by
itself is called a LOX converter fsometimes it is referred to as a
Dewar Flask), and with the valves and other parts put on it, it is
called a converter assembly. The converter is made like a thermos bottle,
_you could say its a tank within a tank. The liquid is stored in the
inner tank and a vacuum between the two wulls wili prevent a rapid
boil off until the liquid has had a chance to cool the metal down to its
own temperature. There are various size LOX converters that are
av: lable, and they are all measured in Miters.

&)

25-liter capacity

e 3(
0‘-' -

> BUILDUP PORT
SUPPLY PORT

VENT GAS PORT

GAGE CONNECTIONS

FILL PORT RELIEF ;ORT
Liquid Oxygen Converter

Check the following statement(s) that are true.
1. The r-ntainer used on an aircraft to store liquZd oxygen
is called a converter. - ‘

2. ' The converter does not require any insulation from outside

heat.
7

- 3. A converter is double walled and vacuum insulated.

4., Converter capacity is measured in liters.

-—-—"&
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Ansvers to Frame 7: Y 1. 2. Y 3. Y 4.

Frame 8

As we have said before, the LOX converter is a double-walled vacuum
insulated container. The capacity of a converter is measured in liters.
The size and number of converters that are required on an alrcraft is
determined by the number of personnel who will need oxygen, and the type
of mission that the aircraft is on. LOX converters are made in such a
way that they will allow a "head.space"” for the gas to form once the
converter is full of LOX (s<e the sketch shown). aA conve:r-er is full when
the LOX flows overboard through the vent line. Once the con.-"rter is
full the gas on top 18 u..d to force the LOX out of the bottom +here it
tums into a gas and flows to the regulators for use.

|
|

I

|

2

|
L

]

FILLER VALVE

»
Check the foilowing stater-nc(s) that are true.

1. Converters are designad to be filled completely.

2. The size and aumbar of converters used on a particular air-
craft ia determined by the number of personnel who require
oxygen and the aircraft mission.

3. A convetter is full when liquid oxygen .flows overboard.

The gas on top of the converter is used to force the liquid
out the bottom,

A head space for gas remains on the top of the converter
when it is full.

. 10 -Ié?c;

<t
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Answers to Frame 8: 1. vV 2. Yy 3.0V &, / 5.

N

Frame 9 -

is used to service the aircraft-x-x converter. This cart is only one
of the units used to service the

Type ma=: Licuid Oxygen
Recharger Trailer

Check the following statement(s) that are true.

1. The MA-l storage cart is used to service the aircraft
converter.

2. The MA-1 cart has a capacity of 50 gallons.

3. The capacity of the MA-1 servicing cart is measured in

liters.

11
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Answers to Frame 9:

Frame 10

The safety precautions you learned and used on gaseous oxygen will
also apply to LOX. However, the expansion ratio, which is 860 to 1,
and the temperature of the LOX (~297°F) is such that more precautions must
be used. Anything that LOX comes in contact with will freeze immediately,
this includes vour skin. lLook at the airman in this sketch that is
servicing a LOX converter with the MA-1 servicing cart. He is in for big
troublé, because lines and fittings are very cold when LOX is flowing
through them. It is very importznt that you don't touch the servicing
hose or the fittings with your bare hands. Protective clothing should

be worn at all times while handling LCX,

T

. Ehce + E
Do not hondle tubes or fittings carrying liquid oxygen with
bore hands. bt T

Check the following statement(s) that are true.
1. Anything that liquid oxygen touches becomes frozen.
2. Liquid oxygen will not harm your skin.

3. ’Protective gloves should be worn when hendling tubing that
has liquid oxygen flowing through it,

4. Because liquid oxygen iu extremely cold mote—safety precautions
are required than with gaseoua oxygen.

.
<,
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Ansvers to Frame 10: _ 7/ 1. 2. Y 3. Y 4.

Frame 11

The airms: in this picture is wearing the right protective clothing.
The protective clothing that you will need are a plastic face shield,
' neoprene (rubber) apron, and a pair of nonabsorbant gloves. These items
. should be worn anyti ~ you use LOX or there is a ‘chance that you might
have some LOX spilled on you.

r

Check the following statement(s) that are true.

l.. Gloves, apron, and face shield should be worn when transferring
liquid oxygen.

2. ° Oxygen converters normally should be empty when removed.

3. No special clothiug 1s required when handling liquid oxygen.

129 ©



e

Answers to Frame 11: Yy 1. Yy 2. 3.
Framer12 . ™

Becaugse of the characteristics of LOX, 1t should not be confined.
A $mall amount of LOX will boil off 'all the time and form a gas. If
the.gas is confined, a pressure will build up and cause an explosio
1f you should spill some LOX on your skin, a severe burn or frostbi.
will occur. If this happens wash the skin with water and see a doctor
as soon as possible. The oxygen area should be kept clean at all
times and smoking is not allgwed in this area at any time. Note the -

' airmen in this sketch are breaking all of these safety rules.

Che -k the following statement(s) that are true.

-

1. Liquid oxygen should not be confined in a contaiher.

2. No smoking is allowed 1in an oxygen area.

3. If liquid oxygen spil ur skin, flush with water and

see a doctor immediatfly.

4. The oxygen area shéuld be kept clean at all times.

)
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Answsye to Frame 12: / 1. /2, Yy 3. ¥ 4,

.

Frame 13 i . . ’ —"‘,_f

If 10X is spilled on your clothing you should take it off as soon
as possible. About 30 minuces should be allowed for the oxygen to.,
evapgrate from the material. A serious fire hazard will exist as long
as your clothing {s saturated with oxygen. All petroleum base produc:s
should be kept away from ofiygen. An explosion may occur if LOX and
items auch as oil or grease are mixed and subjected tov pressure. It is
wise to keep petroloum products at least 50 féec away from oxygen. If
10X is spilled or your skin, ic should be washed off with water

. immediately. This will reduce the chance of frostbite and a possible
fire hazard.

If liquid prygen is spilled on clething, brush off inmediately,

+ ¢« remove clothing, ond dry for approximetely 30 minutes, Keep all petralevm products (oil, ‘greass, fusl, etc) awcy from

oxygen equipment,

Moke sure that body, clothing, and protective equipment are
cison ond free of petroleum products (hair oil is a petroleun
product) before performing maintenance on oxygen system.

Check the following statement(s) that are true.

1. 01l and grease should be kept at least 50 feet away from oxygen.

2, It takes about 30 minutes for oxygen to evaporate from your
clothing.

3 Oxygen and petroleum products mixed can cause an explosion.
4. Liquid oxygen is removed from the sgkin with wzter.
5

. Frostbite can occur if liquid oxygen is spilled on your skin.
“ >
¢

15
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Answers to Frame 13: /Y 1. Y 2. v Y 4, /5, N
Frmg 14

It 1s not the desire or intent that these precautions should scare
s/ou, but the handling Qf LOX can be dangerous. We think of an automobile
as a useful and pleasurable necessity, but we also know it can be very -
dangerovc whoa handled imgroperly. The same is true of LOX. ~VOW WHAT
YOU ARE DOING AND IO IT RI\GH‘I‘.

: &

S~

END OF TEXT

16 70-00090
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FOREWORD i 1

This programmed text was prepared for use in the 3ABRL2331 inetructional
system. The material contained herein has been validated using 38 L2010
students enrolled in the 3ABRL2331 course. Ninety percent of the students
taking this text surpaued the oriterion called for in the approved lesson

objective. average student required 43 minutes to complete the text.
OBJECTIVE
4 Relate four of five basioc liquid ocxygen system components to their
purpose. ) 7
B - ! INSTROCTIONS

4is you read and study each frame in this programmed text, locate in the
classroom the particulexr component or system you are reading about. BEach
individual part and a somplete system on a trainer will be available for you
to see and inspect. Also, after each frame you will find a number of state-
ments and you are asked to select the frue statement or statements from this
list. Read the material carefully before making a selection. If you select

the correct ansvers, convimue to the next frame. If you are wifong or in doudt,

. read the material again and oorrect yourself before contimuing. The answers
to the statements can be found on the to]‘) of the next page.
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Frame 1

Shown below is a basic liquid oxygen system. It consists of a con-
verter assembly (B) which includes everything inside the dashed lines, a
filler valve (H), & buildup and vent valve (F), contents gage (E), oxygen
regulstor (G), and the tubing and fittings required to counect these com-
ponents together. This basic system has single function valves (valves
that have only one purpose). In other systems we have dual function or
combination valves that serve more than one purpdése. All of these com-
ponents will ba discussed one at a time in this text and will be available

in the classroom for you to see and inspect. Review the schematic shown
and identify all the components. <

M~

===" /A

GAS

LQuio

oxvotgr,,—cs

Aircraft Liquid Oxygen System (Single Function Valves).

< -
K No Rasponse Required



Frame 2

»

" The 1iquid oxygen converter assembly is the heart of the liquid oxygen
sydtem. This is a multi-function unit that is designed to receive and
store the liquid, pressurize the liquid, convert the liquid to a gas (or
allows it to ba converted), and supply the gas at a constant pressure to the
oxygen regulators. Once the liquid container is filled and the aystem is
placed in operation, the conversion from liquid to gas is automatic as long
as the gas is being used and as long as the liquid lasts.

90 psi
Relief
“ Valve

Evaporator
Coils

Five Liter Converter Assembly.
Check the following statements that are true.

1. . The converter assemb’' - stores, pressurizes and converts the
liquid to gas.

. The converter assambly is the heart of the liquid oxygen system.

. The converter assembly operates automatically once its filled
and the system is placed in opsration.

I
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Aurwers to Frame 2. 1. vy . 3. _Y

Frome 3

The largest part of che converter assembly is the liquid container.
This 19 a double walled, vacuum insulzted unit similar to the common
"Thermos' bottla. It is also known as a "Dcwar" flask after its inventor.
As shown baelow, the liquid is stored in the inner shell and a vacuum
separates it from the outer shell. ,The outer shell has a rupture disc
that will blov out to prevent an explosion if the inner shell develops
a leak. The rupture disc will blow at 30 psi. Liquid containers vary
in size from " to 75 liters caps-ity.

-

CONTAINER RUPTURE

Dis<

CONVERTER
CASSEMBLY
25 LITERS

Check the following statemerts thé. .ire true.

1. The container {- double wallsd and vacuum ineulated.
2. The rup.r.e diec will blow at 30 psi

3, Containers range in size from 5 to 75 liters capacity.

4, Liquid oxygen is storad in the vacuum area of the containe:.

X, The largest part of the cunverter assembly is the liquid contairner.
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Answers to Frame 3. 1. v 2. ¥ 3. v 4, 5. v/

Prame 4

The p.essure closing valve acts as the. pressvre regulatoxr for the
11quid oxygen system. It will either be prcse: at 70 psi or 300 psi de-
pending upon the type of system che aircraft requires. The main purpose
of the high pressure (300 psi) is to allow >rew members to till walk-
around bottles from tlie aircraft system. This means that ~ircraft like
the B-52 and KC-135 wonld have a high-pressure systam.

Preusure Closing Valve

Check the following statements that are true. .

1l.. The pressure closing valve acts &s-a pressurs regd%;}or.
2, Fighter aircraft would require a high-pressure liqu¥d oxygen
system.

3. The pressure closing valve is set at 70 or 300 psi.
4, The main reason for having a high-prescure liquid oxygen 1is to
111 walk-around bottlaes.

5. Th\ low-pressure liquid oxygen system operates at 70 psi.

)

|
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Ansvers to Frame 4. ,{{ Vo2, 3. 7 4. + 5.7

r.

[ %

Frame S

Bacausg thcaptcnnuro ~losing valve is going to act as the pragsure
regulator for the systca, its primary purpose is to maintain a constant
head pressure on top of the liquid in the storage container. The haad
pressure (gas) is used to push the liquid out the bottom of the container
and into the evaporator ccil where it is converted to a gas. The bellous
in the pressurs closing valve (see illustration) will sense the head pres-
sure and open the valve if pressurae drops below the valve setting (70 or
300 psi). When the valve opens, gaseous oxyge: is transferred from the
evaporation side of tae system tc the build-up side .o maintain head
pressure. The pressure closing valve is part of the converter assembly.

sLOws
V4

(R

" e =
ouTLEY PORY /
/‘
valve SEat v > [
—
’ &

() .

iNLET PORT

PR g

a e .

Check the fnllewing statements that are true.

1. The pressure clnsing valve maintains & constant head pressure.
. The pressure closing valve is part of the converter ussembly.
. The pressure closing valve acts as the system pressure reghlator.
. The head pressure (ga3) pushes the liquid out of the container.

. The presbuve closing valve ttansfet;{}iqnid oxygen in the syrtem.

ALLL

| . 13!
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Answers to-Frame 5. 1. _Y_ 2. Y 3. 7/ bNY .S,

r——— L% ————

BN

| Frame § ‘\\ ‘

In our basic oxygen systes we have two (2) relief valves. One valve
is in the build-up side of the system and relieves excsssive head pressure
from ¢'a container. This valve is set to open at 90 psi in the 70 psi
system and 345 psi in the 300 psi system.

The second relief valve is in the evaporation side of the system (or
distribution side) and protects it from excessive pressure. This valve is
set to ocpen-at 110 psi in a 70 psi system and 395 psi in the 300 psi system.

Both of the relief valves are screwed into the pressure closing valve, one
on sach side. The relief v 'ves are also part of the converter assembly.

rREs” 0t

e o otodiil

\ .
// <" ‘, ~——-r/ .
& i - ’ i ‘
90 st O . ;
aeLiey ' ) d PRESSURE OUTLAT
valve i :
—
4, rrassune __
INLEY
P 110 P8I ABLIR.
VALV
’ VALVE SEAT

520

Check the folloving stat.ments that are true.

1, The relief valve in the build-up side relieves excessive head
presaure.

. The 110 psi relief valve is in the buill-up side.

.|

3. The .elief valves are screwed into “he pressure cloﬁins valve.
. The avaporation side contsins the 110 psi relief valve.

5. The 345 and 395 psi relicef valves are found in the 300 psi system.
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Answers to Frame 6. 1. ' 2, 3., V 4, ¢ 5., v

Frame 7

The liquid chack valve is especially danigncd to opsrate in a liquid
oxygen system. From its position in the system it will accomplish two things:
1. It separates the 1iguid phase of operation from the gaseous ghasa.

2. It piavents a reverse flow of gaseous oxygen (from the gaseous phase)
v back through the liquid container. During normal oparation of the system,
the liquid check valve allows liquid to be drawm from the bottom of the
container into the evaporation coils in the direction of the arrow. As
pressurz in the build-up and evaporation sides change because of use or
liquid toil-off, the check valve will open and close at 5 psi below the
container head pressure. This creates a 5 psi differential Letween the
gassous phase and liquid prase. When we discuss overall system operation,
the function oqua:‘:flv. will become more clear. .

LIQUID CHECK VALVE

LS Fi

Check the following statements that are true.
1. The check valve separates the liqid and gaseous phase of system
operation.

2. The 1iquid check valve is especially dasisned for liquid oxygen
systems,

3. The check valve opans or closes at 5 psi baelow container head
pressure.

4, When the check valve closes, it prevents reverse flow.

j11
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Ansvers to Frame 7. 1. v 2. ¥ 3. ¥ 4o v

*

Frame 8

The evaporating coil is made of aluminum alloy and mounted surzounding
the 1iquid oxygen container. This coil presents a large surface area which
allows the 1iquid oxygen to avaporato4ind turn into a gas. Keep in mind,
though, that all converters do not have such & coil. When converters are
used in large aircraft where the tubing runs are comparatively long, the
evaporator coil is not necessary. The long tubing runs provide the nec-
assary heat-exchanging tubing surface area for evaporation of the liquid
oxygen. Note the converter assambly shown on the right below does not have
an evaporating coil. In the complete oxygen system, the regulators are
connected to the other end of the evaporating coil.

EVAPORATOR

25-LITER CAPACITY

*—522

" Check the following statements that are true. p

1. The liquid changes to a gas in the evaporating coil.

2. The eveporation coil can be part of the converter assembly.
3. The oxygen regulator is part of the converter assembly.

4, The evaporation tubing allows the gaseous oxygen to heat up.

5. In large aircraft, an evaporator coil is not always necessary.

10
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Ansvers to Frame 8., 1. Y 2, ¢ 3. 4, ¥ 5. V 24/

- Frames 9

The filier valve (shown balow) is provided for the purpose of filling
-the system with liquid oxygen. The filler valve is basically a spring
loaded check valve assembly with a protective (dust) cap. This valve is
also designed for a quick-disconnect coupling with the recharging hose
nozzle. When the dust cap is removed from the supply inlet, the supply
source (recharging hose) is connected by pushing the nozzle on the valve
and making a half-turn. The nozzle on the servicing hose pushes in the
stud on the filler valve and unsests the spring loaded check valve and
» liquid flows in. When the servicing hose is removed, the spring reseats
the valve. If an aircraft has mbre than one converter, each converter
will have its own filler valve.

SO, PN e e N _SYALVE SEAY
]
* 10 SYSTEMm -STUD
Frrersewe INLEY

CHECK VALVE

h - ek yerr e '
-~
LIQUID OXYGEN FILLER VALVE />

® 323

"

Check the following statements that are true.
1. The dust cap prevents the filler valve from leakiug.

2. One filler valve is needed for each converter.

3. The filler valve is basically a spring: loaded check valve.

4. The filler valve is designad for a quick-discomnect with
the servicing hose nozzle.

| 5. When filling the system, the servicing hoze nozzle :eseats
the check valve. ’

11
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Ansvers to Frame 9. 1. 2. 3. V- 4, ¥ 5.

¥ e———— e ——— —————e ot am—— ———

Frame 10

The build-up and vent valve (shown below) is a manually operated, two-
way rc.ary valve. When the handle is turned to the "VENT" positiop, the top
nf the converter is ventad to the.atmosphere. In this position, the.gas port
(from the top of the converter) is now open to the vent port and the build-up
port is closed. Wien the handle is rotated to the "BUILD-UP" position, the
gas port is open to the build-up port and the overboard vent port is closed.
As with the filler valve, the name of this valve states its purpose; it allows
the converter head pressure to "build-up" or be 'vented'" overboard.

k-3

NANDI.\! :_‘E N
- |
o A T
-
VENT ronr(
<"\ T
- i ' - t B GAS rORT
BUILD-UP AND VENT VALVE = L k
N1 —
SHOWN IN
VENT POSITION

*.

$

BUID-UP pORY

Check the following statements that are truae.
1. The build::s‘p and vent valve is a manually vperated valve.
2. In "vent," the system will not contain any pressure. .

3, In "build;up." converter head pressure is trapped and
system pressure will rise.

12
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Ansvers to Frame 10. 1. 8 vV 2. ¥ 3. ¥ ‘

- Frame 1]

On the aircraft, the filler valve and build-up and vent valve are
located side by gide as shown below. When the build-up and vent valve is
in "BUILD-UP," the control handle covers the filler valve dust cap and it
“caonot be removed. This irsures that th¥ servicing hose will not:be con-
vected with pressure in the system. When servicing the converter, the
valve must be in "VENI" as shown on the right. On the other hand, the
valve sust be in "BUILD-UP" for the pilot to receive oxygen. To insure
the valve is in build-up before the aircraft takes-off, thejaccess door
(filler well door) is designed so it cannot be closed when the valve
handle is in "VENT."

~ WARNING
LIQUID OXYGEN IS DANGEROUS. OBSERVE ALL
FILLER VALVE SAFETY PRECAUTIONS WHILE FILLING SYSTEM.

SUILD UP & VENT vALVE

p—

CONTROL

MANDOLE SUPPLY HOSE

525

Check the following statements that are true.

1. In order to comnect the servicing hose, the valve must be in
-"VENT." )

2., VWhen the aircraft is flying, the valve must be in "VENT."

3. Whegn the valve is.-4n build-up, the filler valve dust cap cannot
be ramoved.

4, With the valva in the "vant" position, the accass door cannot
be closed. '

13
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1 to Frame 11. 1. Y 2. 3. 7/ 4

Frame 12 : ; : .

-

emO N>

. The tubing (plumbing) used in the .iiquid oxygen system is alumi~um

alloy.
the following places: 1. The line from the filler valve (H) to the liquid
container (A) is No. 6 (3/8). This is the filler line (see below). 2.
The line from the build-up and vent valve (F) to the overboard drain is
No. 8 (1/2). This is the vent drain line. 3. The size and length of
the evaporating coil tubing (J) depends upon the size and type of con-
verter assambly (B) that is being used. v

Also, all of this aluminum tubing will be No. 5 (5/16) except in

LQuIid

v ———— ——— " -
v

e

S

r~3526

. CONTAINER G. OXYGEN REGULATOR

. CONVERTER 2.58EmBLY H. FILLER VALVE

. PRESSURE.CLOSING VALVE 1. ZHECK VALVE

. 110-P$) OR 395.P8) RELIEF VALVE 3. EVAPORATING COIL

. CONTENTS GAOE . K. 90-PS1 OR 345.P8) RELIEF VALVE

BUILDUP AND YENT VALVE |

Check the_following statements that are true.
1.

1

The filler valve is connected to the contsiner with No. 6 tubing.'

Aluminum tubing is used in the liquid oxygen system.
The vent drain line"is No. 8 tubing. \

Most of the liquid oxygen tubing is No. 3.

The evaporating coil is always No. 5 tubing.

14 146
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Answers to Frame 12\. kY 2. v 3.

e \ e Frame 13

Shown below is a typical converter a;sembly installation. " This
assembly has the same single function valves we have been discussing. Keep
in mind the build-up and vent valve and filler valve are not shown bncause
in this system they Are not part of the ccnverter assembly.

R Y —

e

' 7 [\
LIQUID CONT;‘N‘I e} 4 V) =

TO OVERBOARD VENMT
I}
,-95 /Y \\ ~
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PRESSURE CLOSING VALVE ﬁ"
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,. . - . ' / AND VENT VALVE
90—P$i -’mn g \, \ N 4
-~ - - \ )
RELIEF VALVE '\r' u, |\‘~ ~, ‘(}:,

© Ilt}fi-\-lg;i‘\_g,:‘ ’{! 10 lUlw-u'

AND YENT vALVE

i’ - =" AND TO LQUID
’ 4 -, n "\

LIQUID TUSE TO ald ;p‘* { \\ QUANTITY GAGE
LICUID QUANTITY A’Q . / f —* EVAPORATING COIL
GAGE iiN cocxrm / /' 3 \

.l— , ”
k\____‘!//*"'? S\
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~10 FILLER VALVE
N

g N

10 OXYGEN IIOULATOI
- {IN COCKMT)

\-

CONVEITER ASSEMBLY

CANVAS COVER (REMOVED)

Ca—sw

Review the illustration above and recall praviously taught materi °
to write in the components described in each statement.

1. This valve acts as the system pressure regulator.

2. This valye separates the liquid and gaseous phase’ of operation.

- 4 )
3. The liquid changes to a gas in this tubing.

4. This relief valve protects the build-up side of rhe system psi.

5. This unit is vacuum insulated and holis thae liquid.

6. The servicing trailer hose is connectad to this valve.

7. This valve allows system pressure to build-yp or be ventaed overboard.

8. This relief valve pxotects the evaporation side of the sygtem psi.

»

9. In the iliustration, the pressure closing valve wouid be set at psi.

15
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Ansvers to Frame 13. 1. Pressire closing valve. 5. Liquid container.

2. Liquid check valve. 6. Filler valve.
3. Evaporation coil. 7. Baild-up & vent valva.
. 4, 90 psi. - 8. 110 psi
’ 9. 70 psi
%“.’
Frame 14 . _ L

Refer to the illustration on the next page as you read the material
" in this frame. In the illustration, we show the flow of liquid and gaseous
oxygen with bubbles and slashes in the lines whilc the oyotcn is being filled.
. Remember the build-up and vent valve has to be in "vent'" to remove the filler:
valve dust cap. Note that with the build-up and vent valve in "vent," the
top of the liquid container is veated overhoard. Note also the pressure
closing valve_is "open" and the syatem contains o prassure. When the system
is in "vcnt." the pressure closing valve is isolated from the top of the
container. The pressure loss causes the bellows in the pressure closing
valve to expand and open che valve,. When the xecharging trailer hose is
connected to the filler valve, the operator allows 20 tc 30 psi head pres-
sure to build-up on'top of the liquid in the recharging trailer. This
pressure forces liquid into the converter container from the bottom. The
container is full when 2 steady flow of liquid comes out the overboard -
vent. .

Check the following statements that are true.
1. When the system is in "vcﬁt," é&g top of the container is
vented overboard. =
[4
» .
2. The pressure closing valve will open when pressure drops
around the bellows..

3. The converter container is full when liquid comes out the
overboard vent.”

4., The system still contains 70 psi when placed in "vent."

5. Pressure in the recharging trailer forcaes liqﬁid into the
converter cortainar,

6. When placed 1nf“vcnt," any pressure in tha system is vented
overboard.

16
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Answers to Frame 14. 1. v 2. V 3. V¥ &, 5. ¢ 6. v

Frame 15

Build-Up

AT Y ————-—‘

OXYGEN
REG.

——————  —— A . S g W T T T W —— . D W — . —— ——— —

—— o e o e o

e e v e e e o
’///"IIIIIII/IIIIIII'II"I’II'I’I"I'II/

FLLER wE — [J--

*

OB A oo oxvoen NOTE: SYSTEM IS SHOWN IN THE VENT(FILL)POSITION.
\ No Response Required.
17 .
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Frame 16
<
Refer tc the illustration on the next page when you read the material
in this frame. When the liquid container is full, the build-up and vent
valve is mc ed back to the "build-up" position as shown in the illustration.
With the sy.tea closed, pressure will now start to tise. If you recall, we
said previously that the liquid check valve opens to let liquid into the
evaporating coil and closes Yo prevent reverse flow. Also remember the
pressure closing valve is open until its bellows senses a 70 psi head pres-
sure (in the low pressure system) on top of the liquid in the container.
Note in the illustration that the precsure closing velve is again tonnected
to the top of the container through tha build-up and vent valve. Now, when
the liquid changes to a gas iu the evaporating coil, it goes up through the
open pressure closing valve and builds up head pressure on top of the liquid.
When 70 psi is reached, the pressure closing valve closes. When this happens,
;’o'liquid left in the evaporating coil is still chenging to a gas and
utlding pressure in this sidea of the system. This pressure will soon close
the liquid check valve (5 psi differential is required) and the system will
stabilize. As gaseous oxygen is used through the regulator, & pressure
drop allows the 1iquid check valve to open and more liquid enters the
evaporating coil. As the liquid level decreases in the container, the
head pressure decreases also. This will cause the pressure closing valve
to open again and allow the evaporation side to build up head pressure.
Thete is little or no lag in maintaining the required head pressure; and
for all practical purposes, oxygen is delivered to the regulator at a.
constent pressure of 70 or 300 psi depending upon the pressure closing
valve setting.

Check the following statements that are true.

1. The bellows in the pressure closing valve senses the container
‘head pressure. :

2. In a 70 psi system, the pressure ¢'csing valve remains open
until 70 psi is reached.

3. 'Tf excessive prassure builds up in the evaporator coils, the
90 psi R. V. will open.

4, The liquid check valve pravents reverse flow between the gasgous
and liquid phasd of the system. )

5. When pressure in tha_evaroraticn side is lower than the head
pressure on the contﬁiher,ftho liquid check valve will open.

18 150
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Angwvers to Frana 16. 1. vy 2, v 3. 4, ¢ 3. An?

Frame 17
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No Response Required
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Frama 18

Rcfer to the illustraticn on the next page when you read this
material. In this illustration we have a separate build-up coil in our
basic oxygen system. This is a short coil 2f <ubing that changes the
l1iquid to a gas for the sole purpose of maintaining a head pressure on
top of the liquid in the containex. Note that this coil of tubing runs
directly from the bottom of the container to the bottom of the pressure
closing valve. When a separate buildup coil is used, the evaporator
2011 no longer has to supply gaseous oxvgen for a head pressure and.more
oxygen is available ¢+ the oxygen regulator for bresathing. This additional
circuit in no way affects the operation of the pressure closing valve. The
bellows in top of the pressure clcsing valve still senses the head pressure
through the build-up and vent valve. If the head pressure drops below
70 psi (or 300 in the high-pressure system), the pressure closing valve
bellows and expands and unseats the valve. The buildup coil will not
rebuild the head pressure. The build-up ccil is usually around the liquid
container and becomes part of the crnverter assembly.

Chack the following statements th : are true

—~——, The build=up coil provides gaseous oxygen for maintaining
a head press-ra.
2. The build~up coil provides gaseous oxygen for the oxygen
regulator. N
~
3. The build~up coil is part of the converter assembly.

4. VWhen & build-up coil is used, the evaporator coils supply
gaseous oxygen fo ‘“reathing purposes only.

5. The pressure clos.ug valve operates the same way when a_gpild-
up coil is used.




Answers to Frams 18.
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BASIC CXYGEN SYSTEM WITH A SEPARATE BUILDUP CIRCUIT.

No Response Required
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Frame 20

INSTRUCTIONS

Identify the units in the oxygen system by matching the letters
with the unit's name below. N

QXYGEN
REG.

-

0D ey s s o e s S —

AS

\

G
LIQUID
N

liquid container.

converter assembly.

pressure closing valve.

contents gage.

bulld-up and vent valve.

__ 110 or 395 psi relief valve.

22

7. _____ oxygen regulator.
8. ____ oxygen filler valve.
9. ____ liquid check valve.
10. ___ evaporator coils.

11. 90 or 3. .
reliel valve.
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Frame 21

Answers to Frame 20 »
1. € s. B °~ 9. 1
2. H 6., J 10. F
. ¢ 7. A 11. D
6. ‘ B 8- K -
//l
/

This completes our discussion on the basic 1liquid oxygen system.
1f you have any questions about the operation or components in this
system, let your imstructor know.

Remember Your Liquid Oxygen Safety.

23
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FOREWORD

This programmed text was prepared for use in the 3ABR42331 instructional
system. The material contained herein has been vaiidated using 3¢ students
enrolled in the 3ABR42331 course. Ninety percent of the students taking
this text surpassed the cr:i.erion called for in the approved lesson
objective. The average student required (58) minutes to complete the text.

OBJECTIVES

After completing this programmed text, you will be able to:
-
1. Relate four (4) of five (5) advance liquid oxygen system components
with their purpose.

-NSTRUCTIONS

As you read and study each frame in this programmed text, locate the
individual component or system being discussed in the classroom or lab. A
better understanding of the system will result if you look at and inspect
these units as you read about them. Check with your instructor if these
components are not available.

ffrev each frame in the programmed t=xt, you will find a number of
statements and you are asked to select the true statement or statements from
this list. Recad the material carefully before making a selection. If you
select the correct answer(s) continue to the next frave. If you are wrong
or in doubt, read the material again and correct yourself before continuing.
Check with your instructor if you have any problems.

Supersedes 3ABR42231-PT-314B, 18 February 1970.
OPR: 3370 TCHTS .
DISTRIBUTION: X

3370 TCHIG/T"GU-P - 600; TTVSA - 1
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_— Frame 1

In this text we will-discuss a typical liquid oxygen system that has
dual function valvgg, Shown below is a converter assembly used in the F-4

fighter aircraft. There are several converters that can be used in the

F~4 and two of these will be discussed. Since you are already familiar with
the components in the basic oxygen system, we'will be concerned only with
che units that are different in this system and the system operation. We
will be concerned mainly with the £ill, build-up, and vent valve (1), and
the pressure opening-pressure closing valve which is not visible in =he
illustration below. This converter assembly is equipped with quick
disconnects to allow for quick installation and removal. Review the
components shown and locate the actual converter aaaembly in the classroom.

@

1. Fil1l, Build-up, end _ .
Vent Valve. R

2. Converter Vent Quick
Disconnect.

3. Liquid Contalirer.
4. Carrying Handle.,

5. Converter Supply Quick
Disconnect.

6. Container Relief Valve.

7. Probe Lead Connectors.

1F~4C Liquid Oxygen
Converter Assembly

No Response Required.
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Answers to Frame 1: No Response Required
Frane 2

The combination £1ill, build-up, and vent valve is shown below. Here we
have the filler valve as part of the build-up and vent valve instead of two
separate valves. As shown in the schematic nn the left, the normal position
of this valve is in build-up. In this position, the gas port (from the top of
the container) is open to the build-up port. The build-up port is connected
to the pressure opening-pressure closing valve. The "fill out” port on the
valve is connected to the bottom of the container. The ball check valve in
this port prevents a reverse flow of liquid out through the valve. A
protective dust cap attached to a chain is used on the filler prort of this
valve the same as on the separate filler valve.

Showa in Build-1ip. Filler, Build-up, and Vent Valve

Select the following statement(s) that is/are true.

’

1. The normal position of the f11ll, build-up, and vent valve is
"build-up."”

2. The ball check valve in the "fill out" port prevents a reverse .-

flow of liquid oxygea out of the valve.
3. The pas port is connected to the bottom of the container. !
4. A dujt cap is used on the filler port of the combination fill,

buili-up, and vent valve.

. 159
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Answvers to Frame 2: 1. T 2. T 3. 4, T

L

Frame 3

When the £iller nozzle from the liquid oxygen servicing trailer is
connected to the fill, build-up, and vent valve, it wil? be in the position
shown below. A pin in the filler nozzle pushes the vaive shaft forward and
closes the build-up port. At the same time, the gas port is opened to the
overboard vent and syster pfessure is'discharged overboard. When the
liquid flows in under pressure, it unseats the hall check valve in the
"£111 out" port and goes into the container. When the filler nozzle is
removed, the ball check valve reseats, the valve shaft moves out and
automatically returns the system to 'build-up."

VENT .
’ > . '
\\ | VENT | FiLLeR vaLvs
$
’
- - -
BUNLD-UP - ’IIW /s = \
NG et / A
N $
‘
GAS

Filt
our

3. When the filler nozzle is removed, the valve returns to 'build-up."

4. When servicing the system, the incoming liquid unseats the ball
check valve in the "fill out" port.

5. When thes filler nozzle is connected, the valve automatically
moves { a build-up to vent.

Loy .
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Ansvers to Frame 3. 1. T 2. 3. T 4. T 5. T

Frame 4

1

You already know the pressure closing (7)) valve regulates system
pressure by controlling the container "head pressure." In this particular
F-4 system we have & combiration prassure opening pressure closing valve.
The primary purpose of the "ressurz opening (PO) valve is to conserve
gaseous oxygen that is normaily vented overboard by the relief valve. The
pressure opening valve is used only in low pressure (70 psi) liquid systems.

As gshown below, both of these valves are bellows

valves contained in one housing. The pressure closing (PC) portion of this
valve is normally open and closes ar 72 psi. The pressure opening (FO)
. portion of this valve is normally closed and opens at 82 psi. When the

Pressure opening valve opens at 82 psi, gasecus-oxygen-is dravn directly from

the top of the container for bredthing. This valve is part of the converter

assembly. f
ah&-l | g :":::z—cm?
ADI ADJ ’
i e -
ARO EQUIP
/ % VALVE, PRESS
é/ == PC OUTL: REGULATING
7T PSL ¢ OuTLET

»

[y

82 PSi

#O OUTLET e ‘ ’ ‘ 7

Combination Pressure Opening -
Pressure Closing Valve

\rc INLET PO OUTLET
PC INLEY

Select the following statement(s) that is/are true.

The pressure opening-pressure closing valves are bellows operated.
The pressure ciosing valve regulates system pnessure at 72 psi.
The pressure opening valve opens at 82 psi.

The pressure opening valve is nors .1ly open.

When the pressure opening valve opens, gaseous oxygen is taken
from the top of the container

The pressure opening-pressure closing valve is part of the
converter assembly.

Tha purpose of the pressure opening valve is to conserve gaseous
oxygea.

A pressure opening valve is uased only on low pressure liquid v
systoms.

16]
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Angwers to Frame 4: 1, I 2. T
:’//s ) 5. _T_ 6. _T 7. _T_ 8. _T_

Frame 5

The liquid check valve separates the_liquid and gaseous phase of
operation and prevents a reverse’ flow. This valve allows liquid to be
drawn into the main supply line during normal operating conditions.

o When operating pressures are excessive, and the pressure opening valve
is open, the spring in this check valve creates a 5 psi differential
between the gaseous and liquid phase as gaseous oxygen is being drawn
off the top of the container. This will ciose the check valve when
the pressure opening valve is open. When we discuss overall system
operation, the function.of this valve wiil become clear.

- | Select the rollowing statement(s) that is/are true.

1. - The liquid check valve prevents reverse flow.

2. This valve separates the liquid and gaseous phase of operationm.

3. During normal- operating conditionms, liquid’flows through the
check valve into the main supply line. .

4. When the pressure opening valve is open, the liquid check valve
is clos.d.

-

‘ 162
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Answers to Frame 5: 1,

2
»
-
b
-
&
8

Frame 6

Let's take a look at a schematic of the complete converter-assembly.
Locate the f1ll, build-up, ard vent valve, pressure opening-pressure closing
valve, and 1iquid check Yalve that we discussed individuvally. The other units
such as the liquid container, build-up coil, and relief valve, are already
familiar to you. The capacitance probe inside the container is part of the
quantity indicating system which will be coverced later. In the schematic,
the aystem is shown empty and the valves in their normal position. Note
the converter assembly has only one relief valve which is set at 110 psi.

Thts 18 the cdntainer relief valve.

s . T /"

LIQUID CONTAINES
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Select the following statement(s) that is/are true.
1. The normal position of the fill, build-up, and vent valve is

"build-up."

2. The pressure opening valve is normally closed and the pressure
closing valve is open as shown.

3. The container relief valve is set at 110 psi.

4, The supply line and vent line are connected to the converter

- assembly with quick disconnects.
5. The spring in the liquid check valve is holding it open.
6. The 'uild-up coil is connected to the inlet port of the pressure
~losing valve.
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' Ansvers to Frame 6: 1, I
6. T

27§
2. I 3. T 4 _T_ .

e — e — s—

Frame 5

So far we have discussed the converter assembly and its components..
Now let's look at the components of the oxygen system that are fixed to
aircraft. The supply line ralie valve is sct at 1i3( pai and relieves
exces~ive pressure in the supply line and varm-up coil (or warm-up plate).
> When the converter assembly is removed at the quick discoinects, dxygen
. is trapped in the supply 1line and warm-up coil and pressures may become-
excessive if the temperature changes.” The supply line relief valve takes
care of this. Also, if the container reldef valve fails, the supply line
relief valve will take over.

The purpose of the warm ~up coil or plate is to raise the temperature

! of the gaseous oxygen to where it is suitable for breathing. The coil is
usually in the cockpit or electronics compartment. Heat in the area

. surraunding the coil is transferred to the gaseous oxygen as it passes
through the coil on its way to the regulators. .

107 OXYOEN HOVATOR

-~

- — - — ———

HWPRLY LINE QUICK

~ | ,'jL\ R
" A / == ///*\\\\

Supply Line Rellef Valve and Warr-Up Coil. VENT

Select the following statement(s) that is/are true.

1. The supply line relief valve is fixed to the aircraft and set
at 130 psi.

2. As gaseous oxygen passes through the warm-up coil, its
temperature rises.

3. If the container relief valve fails, the supply relief valve takes
over.

e ——
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Answers to Frame 7: 1. _T 2. T 3. T
Frame 8

Now let's take a look at the complete liquid oxygen system we have been
discussing in parts. Remember that the supply line relief valve and
warm-up coil remain in the aircraft when the converter assembly is removed
at the vent line and supyly line quick disconnects. The container relief
v .lve stays with the converter assembly.

3UPPLY LINE
VENT LINE QUICK DIS-
{ T e QUICK DISCONNECT
' SUPPLY LINE RELMEF VALVE
Liquid Oxygen System Schematic

celect the following statement(s) that is/are true.

1. The container relief valve is part of the converter assembly.

2. The supply line relief valve is part of the converter assembly.

3. One end of the build-up ccil goes to the pressure closing valve.

4. The supply line relief valve has a higher setting than the container

relief valve.
3. The rormal position of the £ill, build-up, and vent valve 1is
"build-up.”

10
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Answers to Frame 8: 1. T 2. 3. T 4. T S. T

— ——— ————— —m—— e

Frame 9 (Review Frama)

Circle the letter that is in front of what you believe to be the
correct response. Check your answers on the top of the next page.

1. What preverts a reverse, flow of liquid oxygen out of the fill, build-up
and vent valves when the filler nozzle is removed?

Supply line relief valve.
The £111 check valve.
Container relief valve.
The liquid check valve.

an om

2. When system pressure becomes excessive, which valve will open and
allow gaseous oxygen to be drawn off the top of the container?

a. Fill, build-up and vent valve.
b. Pressure ~2losing valve.
c. Container relicf valve.
d. Pressure opening valve.
3. On th~ F-4C converter assembly, the pressure opening valve forms a
combination with che

a. filler valve.

b. 1liquid check valve.

C. pressure closing valve.
d. build=-up valve&

'

4. The F-4C converter assembly contsins only the CONTAINER relief valve.

a. True
b. False

5. The pressure opening-pressure closing valve is ONLY used
a. on low pressure (70 psi) liquid oxygen systems.
5. wihen a build~up coil is used.
c. on high pressure (300 psi) liquid oxygen sy:c . ems.
d. when no head pressure is required.

6. On the F-4C aircraft, the warm~-up coil or plate is part of the
converter assembly.

a. True
b. False

11
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Anewers to Frame 9: 1. b 2. d 3 ¢ 4. _a 5. _a 6. _b_

Frame 10

Now that you are familiar with the dual function valves used in this
type of system. let's discuss the operation of this system. In order to
fully understand what is taking place within the system, it is necessary to
look at the system in four (4) different phases of operation. The first
phase is FILLING and this is shown below. When the nozzle from the
servicing trailer is connected to the fill, build-up and ven: valve, the
Plunger in the valve is pushed in as shown. This closes the build-up line
and provides an open line to Zhe overboard vent. Any pressure in the
system is now vented overboard. When the liquid oxygen enters the valve, it
unseats the fill check valve and goes into the container through the
bottom. When the container is full, 7“- i{d flows out the top of the
container, back through the valve and out the overboard vent. At this time,
the nozzle from the servicing trailer is removed and this automatically
places the system in the build-up phase. .
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Select the following statement(s) that is/are true.

1. The fi1ll check valve is unseated when filling the system.

2.  The liquid check valve 1s closed when filling.

3. When filling, the pressure closing valve is open (normal position).

4. When filling, liquid oxygen enters the wixm up coil.

5. Systea pre=sure is vented overboard when the filling nozzle is
conne:ied.

16‘7
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Answers to Frame 12: 1. T 2, T 3. T 4. 5. _T_p?z6

Frame 11

Once the transfer hose nozzle is removed, pressure begins to build up
in the system. This pressure build-up continues until system prassure
reaches 72 psi. The schematic below illustrates this pressure build~-up
phase. No