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System safety is primarily'con@ern%d with prevention of

events that may result in injury or death to personnel or damadge
\Q~..
to equlpment Safety analysis is a progressive activity. As
A '

the program life eycle'progresses, the'syﬁtem safety analysis
tf

;'are updated, revised and expanded to assure that all hazards are

1dent1f1ed and subsequently minimized and controlled.

A three-stage program is utlllned on this program that

lncludes the follow1ng stages:

-1, Preliminary Hazard Analyels

2. <Qeneral Cor:ective Actiop/minimizing provisions, which'
_are{safety criteria that are impoeed on the designers.
BQ&ESpecific Corfective'Actioh/minimizing provieions which

define how the designers have résponded to the safety

- criteria previously established,

I. PRELIMINARY HAZARD ANALYSIS

1. Explosion - Exp1031ve fallure of pressure vessel, valves
or flttlngs,. Posslble causes: 'overheatlng in a

fire- electrlca; arc burn-~through: gunflre damage,
: i -

. severe impact, environmental exposure and/or

'corrosion damage. -

2. Inadvertent Release of/Potentlal Energy,- Fallure of
/

hlgh ‘pressure, yuives, flttlngs, hoses, gage, or

pressure rellef dev1ces. Separatlon of high pressure

' ‘eomponents while pressurized.

Y

CoCr-ONT . -
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B A T N L R



E.R. 1018 PAGE

AVIATION

3. PFailure of Respirable Air Supply ~ Includes loss of

. supply and/or failure of air supply system, or
failure of the user to leave the toxic¢ or oxygen
deficient area before the air supply is depleted.

4. Failure of Support Section - Loss of support for air

-

suppiy.

~

\

II. GENERAL CORRECTIVE ACTION/MINIMIZING, PROVISIONS .

1.0 EXPLOSION | gy

1.1 Explosive Failure of Pressure Vessels

7 1.1.1 oOverheating (by fire) - Protect with 5urst~type safety
| device,_preferably with fusable alloy support. Heat
transrer through the walls of +the u.R P. vessel,
W1th the resultant increase in pressure of the'
oontalned gas, may not be as rapid as degradatlon of
the outer surfaoe of the vessel Consequently, the
rupture would not result from the increase of pressure

1nsrde the vessel but from the weakenlng of the -

" vessel wall )?,
i

l 1.2 Electrlo arc burnﬁthrouqh - No ﬂanger since the G. R.P,

outer shell is electrlcally non—conductlve._

-
oS

1. 1 3 Gunfire - G. R.y vessel non—shatterable when exposed

to gunfir ;

1.1.4 .Fneéé Amental Exposure ‘and/ox Corrosron Damage -

':Jﬁf%_ Select materials of construction or apply protective-
coatings to prevent degradation due to environmental

exposure, or internal corrosion. An elastomic or

C o

SIET-OND: ..
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1.2

2.4

metal outer coat‘ﬁhy be required to protect against
normal handling damage.

Explogive Failure of Valves or Fittings - Design.

cylindex valve such that section that fits into the
cylinder provides sufficient restriction to preclude

‘explosiveAfailure of the downstream components.

INADVERTENT RELEASE OF POTENTIAL ENERGY

Failure of High Pressure Valves - Design with

conservative stress levels and .arrange controls and

pretuberances to prevent damage by dropping. If
possible, incoxrperate shock absorbing device(s) in
the design.

Failure of High Preesuﬁe Pittings - Design at

wconservatmve stress len ele= include flex1b111ty to

preVent unnecessary connection stresses. Select

materials considexing environmental exposure.

Ji
e

Failure of High Pressure Hoses - Select a'hose with a

' safe margin, use as great a length as practical to

minimize connection'streSSes.

o

FallLre of Gaqe(;} - Incorporate an orlflce in gagef

Use low mass lens and arrange For "pop-out" at a,
relatlvely low dlfferentlal pressure. Locate gage 80
that 1t is protected against ddmage from dropplng or

other abuse.

GIEF-ONG- .,

B89/t
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2.5 Failure of Pressure Relief Devices - Select to be
k . ]
compatible with environmental exposure; aryange so

| BIEP-OND .

that there is no high velocity gas impingement on the -

g9/ZL

user if it should fail‘during use.

A

2.6  Separation of High Pressure Components While Pre 1uriéed
Provide l;ckihg devices where practﬁcél,'or indlude
warning vent holes to vent the gas while the connection
is sééure, such as on the CcA (1.340) fitting, or the
Scott (P/N 800011} cyllnder valve. Apply caution labels

to apparatus.

3.0 FAILURE OF RESPIRABLE ATR SUPPLY

3.1 Leakage of Air from the System through Valves, Fittings,

Hoses, Gage, Pressure Relief Devices and their

hssociated Joints and Seals: Minimize”the number. of g

joints and seals, Desmg@ utilizing proven components

and sea11ng technlques. Arrange the valve seat on the

<

¢cylinder valve so Xhat 1L shuts off the max1mum number

S e A R e 1o

st ivi

of seals.: Desmgn the system to allow a substantlal o
margln between relief valve operatlon and: service "

pIESqure.,

: 3;i=' Leakage of Air from the uvstem Through 7. FallﬁOpen

- Regqulator(s): Design. regulators to mlnlmlze ghe

Jprobabilitf of a high flow fallfopen mode'of.tallure;
Use conservative design'stresé 1evels'for bellaws an&
diaphragms; Pos*tlon the cyllnder valve so it can be

'f'manﬁpulated by the user to manually control the f

for egress purposes.
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¥

BlockagétgﬁnAir Supply from the Compre%sed Alr

C;liﬁder: Select materials and/or surface treatment for
the insidé‘of.the compressed air cylinder to prevent
internal'generétioh of contaminants that might block

hoses and/or valves; .Include a filter to prevent

ingress of contaminants during recharging with

* compressed air. Utilize a pressure opening type valve

so that a dislodged valve seat, or- particles from
fhe seat will not "check" the air flow.

Blockage of the Air Plow by a Fail-Closed Requlator

Design the regulators S0 that a total fall—closed
51tuat10n has a low level of probablllty._ (e. g.-

Use a compression type coil sprlng such that faliure

of the sprigg wonld canse it to drop one c¢oil, thereby
reducing tﬁe outlet pressure somewhat but not to zero.).
Include a backup circuit #or bypass of a fail-closed
regulater. This circuit may be manually controlled,

or may be a complet&ly redundant regulator system,

If transfer to the backup ‘system is automatlc, theﬁ

some warning must be prov1ded to indicate thls

condltlona

‘Failure df Usexr to Leave the ToxicIOr oxyygen, Deficient

Area'Beféie'the Air Supply'is Depleted:

Provide an effective low pressure warning to warn the

R

user at’$nrappropriate-time that his%gupply of air is .
. It . . : S Lo

Jow ard ﬁhat he should le&ve;the érea. :The warnihg

system sﬁould be such that the most probable faiiureg )
A

GIEP DN,

89/TL
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result in a premature warning. The user should ke

able to readily determine if the alarm is his own,

or that if:a partner who may. be in the same area. An .
automatic or separate method of pdgnchedkangethe alarm
system, such as a "prese—toiéebt“ should be 1nc01porand

if there is a%possibi}ity of a ﬁnq—warnihg" failure.

i

FKPOSURE TO TOXIC MATERIALS

P0150n1nq Through the Skln

_Selfncontalneﬁ brea+h1ng apparatus, un]eas supplementeo
by an appropriate protective suit, does:not protect °
:hgainsp pbiébninthhrough the skin. The sf%tem shou}d
be designed such that it can be worn inside‘a h
ﬁroteetive garment,'and warh}ngs should beuinclﬁdéd

in the instruction manual to warh the user of this %

hazard. S ]

Inwardbyeakage 1nto the Breathlng System through Fex xty

o ' 4
or Inadequate Valves or, Seals: - : %'ej/

.

Design the facemask for optlmum flt on *he maximum

anber of various facxal shapes when worn with the

"“ 's helmet. Devise a simple method for
determlnlng flt of the facemask on any fireman, that

can be‘performed 51mply in any firehall. Establlsh )

a guick-check for inward leakage to be performed by

iy

the userilmmedaiﬁ

ely before entry into a hazayrdous_
area, and define this procedure in the instruction

- manual. Design. the exhalation check valve to provxde

!l
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very small

Envirbnmental conditions.

breathlng system that are exposed to negqtlve pressures,

Damaged.ﬁomponents.

mask to be

. '/.’. .
back leakage for all anticipated

M“hlmlze sectlons of

’ Inward Lﬁauage into the Breathlng System through

D°51gn the faceseal sectlon of the

self—energlzlng, 1f poss_Lblee oY to prov1de

an indication of leakage if it is an 1nfldtab1e seal

de51gn.

iitions 1tse1f‘on the face,

ey

Design the facemask so that’ 1t securely

i.e. it is difficult to

.d;slodge,»the Visor should be strong to preclqde 1mpact

damage:, ‘or

for impact

exhalatioa

“distértion

FAILURE OF

a supplemental device should be provided
protectlon, Provide a guard to protect the
valve against damage that may-cause

of the sealing surfaces.

SUFPORT SECTION

Degsign the

harness and frame assembly: to minimize the

III.

-posgibility-of loss of support for the air supply.
The greatest risk is from heat and/brAchemicals S
causing répid deterioration of the harness assZmbly

=

or the cylinder clamp.

*SPECIFIC CORRECTIVE ACTION/MINIMIZING PROVISIONS

- *To be included aﬁ;the"cénclusioﬁ éﬁkthe_nesign Phase.

eoCr-ONZ .

89/T1L
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The vessel is protected by combination frangible

disc~-fusible plug safety device. At heat\inputs

to the valve assenbly, thét resuit in téﬁperatures
in excess of 220°F, the fusible alloy melts leaving
a disc with a rupfure vabie of 4500 to 5000 psig.

An increase of pressure in the vessel to this value

. results in immediate and safe venting of the cylinder.

-4§éfe£y devices of this. type have been in use for

O

many years, and although they do not provide

protection against overpressyrization of the vessel
- ) ,:': v .

in the absence of heat, the design appears to be

:ideally suited to this particular application.

Electric Arc Burn-Through

W
"

No danger since the GlassfiberkReinfoiéed'Plastic

i

(G. R. P.) outer shell is electrically non~conductive.

NO. , L
' "AVIATIGN
IIX. SPECYFIC CORRECTIVE ACTION/MINTMIZING PROVISIONS i
‘ : _ . o
W
&
1.0 EXPLOSICON .
'_“""—-—"""‘——"‘. [
1.1 Explosive Failure of the Pressure .Vessel &
1.1.1 Overheating (by fire)
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1.1.4

iy

_ maquﬁl.

o
i

A

The G. R. P. vessel is non-shatterable Qhen'éxposed

to gunfire.

At

Environmental Exposure and/or Corrosion Damage
Corrosion-resistant aluminum alloy is utilized as
the liner material to preclude corrosion damage

- - SR

from the inside. An extra resin coat is applied

over the outer windings on the cylinderito protect

agaihst abrasion oﬁ?the suter walls.  Regular

examination and retesting of cylinders is a Depart-

ment of Transportation (DOT) requirement and is

specified in the maintenance section of the user's

\y

Explosive. Failure of:Valvgs or Fittings

o : : B : :
The cylinder valve is designed with a small bore

- in the section that fits into the cylinder. The

bore is only large énough to pass the required flow

of air. The volume of'gas‘dontained in the high-

pressure lines andtfittingé is.héld to a minimum
by the‘dse;of the shortest and smallest diameter

7

" hose that will acceptufittingsathat have bore

2

IR

SHEFONT-
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diameters that will pass the required air flow.
The total volume of gas contained in the high
pressureJhdses aﬁd fittings is 2.2 standard liters

at 4500 psig.: Consé?vative stresses are utilized

" in the design of the valve, hose and fittings.

N

T

rastrugted of an aluminum

The cylinderr&alve is ¢

aliby with an ultimate sérength of 52,000 psi and

a yield strength of 42,000.psi at .2% 6ffset. A

miximuri‘design stress of 31,000 psi at a burst

- pressure of 11,250 psi has been used in the prepara-

tion of this design.

A commerciai quality high pressure hose assembly'
is utilized with a égrvice pressure of 5000 psi.
The proof pressufé of the hose is 7500 psi=minimum,

with a minimum burst pressure of_20,00Q psi. The

kY

.fittings and their assembly to the hose are such

‘ that the normal failure mode, during burst tests,

is ohe of leakage atnthé hose/fitting ihterface;'

The hose éssembly kili‘bé 100% proof tested at 7500

psi to assure.ips;integ:ity.

GEF-DNI

B9/
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4

The high pressure hose connects to the pressure
reducer assembly with a‘flange~ﬁype mounting
held by four 8-32 stainless steel machine screws.

The stress level in these screws is 21,892 psi at

a burst pressure of 11,250 psi which is well below.

%, their tensile strength of $0,000 psi.

The:maXimum mechanical load caused by a man falling,

A

-Hlpgiﬁg struck by falling or moving objects, or even

~being dragged or lifted by the hose, might conceivablfs

create a 400-inch/1k. moment at this joint. This
moment would be resisted by two 8-32 screws on
3/4" arm.

400 - < 19,000 psi
+75 x 2'x .014 sgq. in. unit stress

6 to 10 inch/lbs.-instéilation torque would be

satisfactory for 8-32 screws loaded at this level.

E9Cr-ONT .

3
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2.0

1 2.

INADVERTENT RELEASE OF POTENTIAL ENERGY *

Failure of High Pressure Vaiﬁes

The only high preésu;E‘Galve, the cy1inder valve,
isrdesigngd Witﬁ,coﬁservative:3€réss levels as
defined in.l.z,- The valve kncb is side—mountedQ

and a rubber bumper -is mounted on the extreme end

to protect the_kndb and to serve as a'shéck ébsorber,

* ghould the cyiinder valve asSembly be dropped.

An aluminum gage guarq,écoﬁnected below the rubber
bumper, provides protéction to the ptessuré gage’

that is mounted on the cylinder valve.

Failure of High Pressure Fittings -
The high pressure fittings are conserv§tivély
designed for integration with the high preésure'

hose as described in 1.2, A fourébolt‘fléngeip

.

‘mount is swaged to one end of the high pressure

"hose. Since thé opposite end contains a right-angled

fitting} a %" pipe thread connection is utilized
between the hose and the cylinder valve coupling
in order to allow properaoriéntation of the fittings

to minimize the connection stresses.

74

)

89/21
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2.3

¥

.

Thg cyl%gder valve nipple is constructed of 2024-T4
1a1umi$um alloy withla_deéign stress of 25,200 psi
at bufst pressﬁre. This fittiné connects into a
20244T4Va1uminum_alioy éibow with a desigh stres;}
- of 20,509 psi at burst pressure. The 2024-T4
aluminum allcy has a tensile strength of 64,600 psi

and a yield sfrength of 40,000-psi..

The hose fittings afe constfucted of low'cérbon
steéi% They aré desiéhed to ﬁold'tigﬁt'éhto the
hoseggt a burst pressufe‘ﬁouf timesfthe service
pregsure; In ﬁbis Case,-é‘5,000 psi sérvié?wpressure
. hoﬁg'has been selected. Conseduently; they'hust

i - : .
hpﬁd tight to the hose at a pressure of 20,000 psd. '

Failure of High Pressure Hose

Hose with a service'pfessure of S}OOO*psi-énd a
burst ﬁieésure cf 20,000 psi was selected. To

minimize both weight and connection stresses, a

&ﬁggz;t.hose was utilized, but the manifold to which
R . w0 i N B .

t
w

it is connected is not rigidly connected to the
backplate. The manifold can slide up and down to .

~allow easy alignment of the fittings.

e

)

e9/T1L
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2.4 Failure of Gage i B
: _ . . o
I i The gage is ¢onnected¢intb'a port on the cjlindér | %
IAI valve that has an orifice to restrict the loss” g
of air throﬁgh a broken éage. éhe érificehlimits
' the flow to a maximu;n of 60 lpm at 1009 psig. A
' low mass lens is incorporated in the gage such that
it will pop out at a differential preééﬁre less
| o |
‘than 100 psi. The gage is protected from. damage
I ‘by an aluminum gage guard that is fastened to the
{ valve below the rubber bumper.
2.5 Failure of the Préssure'Relief_Device
A fuéible ailoy sﬁpported burst;disc hés been -
qtilized? .Thé quible alloy protecﬁs.the burst
: disc-from'éreméﬁﬁrebfailgfe due'éo corrdsivé.attaék.
W - Theffusible‘alloy_alsoiprovides an iﬁdication of |
- 7 .siiéht 1eakag§ﬁthatlsem%$imes 6ccurs.r Leakage causes
the"fﬁsibie.éiloy tc ext;;de slighfly outqard
: . and ;ndicatetﬁeproblemf ”
N The*ogtlet from the disc iS'pprted tg provide
i g _ 3 baiahcea ﬁﬁrust'énd.to'préézht-dirézt impingement
. &
[ i

S RS
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on the user, Hr onto others who may be in the area, m
o . aen ot - . & . o
. if it shouldyfail during'usé.- '”g
2.6 Separation of High Pressure Components while &
Pressurized :
A bent tab lock washer locks the eylinder valve
[ ihto the high pressure éylinder to preﬁent ﬁnihtén— I
| o
N tional separation. The modified CGA 1340 fitting’
[: includes wafning vent holes that veht gas and provide a
] warning when thé conﬁection has begg:loosened while
E; preséuriied; Thisfvéntihg.occurs while_the.connectiong
%*' is gtill secure. A warning decal attached to the |
1 # cylindef.is used to warn the user of the hézards'ogﬁ N3
: 3 i ~
“ . high pgessure_air._
],
- o "\ 0

N
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_pressure-cylinder provides self-indication of leakage

FAILURE OF RESPIRABLE AIR SUPPLY

Leakage of Air from the System through Valves,
Fittings,_HbSes, Gadge, Pressure Relief Davice“and

their Associated Joints and Seals

i

The numbér of joints ahd seals were minimized by
the use of manifold Eype-assemblies such as the
pressure reducer assembly; and the breathing
regulator aSSembly{ Proven “"Q" ring type ééais
and swage connec£ed jqints are predominantly
utilized to support the interconnection of the

components that are not manifolded.

The cylinder valve is designed such that when it
is closed, the valve stem seal is not pressurizéd,
thereby minimizing the number of sealing surfaces

for a stored system.
The*fﬁsible alloy type safety device for the high

R

as previously described. It should be cheqked for

- this iﬁdﬁcati?n of'leakage_at'each recharge.
R ) o

21 i "I'\::‘;:‘E .

2

i
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The low pressure relief valve is*integrated into
the flange mounted low pressure hose fitting. It

) (Y
: o L ‘ . s
is set to relieve at 160 psig minimum, a pressure

A

sufficiently above the maximum service pressure of

125 peig to minimize the risk of slight leakage at
the valve. It has a flow capacity“of-l900 slpm'“

at the proof pressure of 225 psi.

Leakage of Air from the System through “Fail- Qpen"
Regulators . .

Fail-open regulétors can result from either of two

failures: (i). Failure’of'ﬁhe'vaIVé seat; (2)

Faiiure of the control element (diaphragm, bellows

or piston}). The design selected for both the primary '

regulator and the packup regulator in the Fire-

\\\

flghter's Breathlng Systém utilizes a downstream

type valve where Ehe closing force‘increaséé with

the tendendj toéleak. Asia resulgjof this character-
istic, the regul@tor tlends to cor:eét its own "
yélv; lgakage by reforﬁingvthe'valve'seat ﬁtiiizing'
presgures'dp to the relief valve sétting. However,
the reformiﬂé of the seat sometimes results‘in.a
reduction in %ﬁ; flow capaéity of't:he‘x:egula.tr:.n:.f

4

i
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Fallure of the control sensing element always results

SREY-ONM3

in a faxl open regulator unless there is a redundant'

control element. The outlet pressure of a regulator
. / —.L.

Ba/ZL

|
L
|

is established by the balance of the force result1ng

l | S frOm the outlet preSsure acting on a COntrql senSLAg o
!' | ele?gpt, such as a bellows oxr diaphragm, and t}e
forge from a suitébly adjusted springn In fhis
’t. T .~ . system all regulators are gage preésuré regulatoré;
.I‘ | therefore, the oppésite side of the:control element
is exposed to tﬁe ambient’pressure; 'If - the control

elemént fails, there is no differential pressure

e piit

:
:
and hence, no force to push back the spring to '
cause ‘the valve to close. The relief valve‘and . i
R ) B . : i

£ . |

the ambient reference hole for the control element: ~é

“must then be capable of passing all of the flow o i

= ) : . ) . i

that results from the full open:fegulator vailve. "
Two large diameter ambient reference holes are o

prdgided for each regulator. Each héle‘is partially -
.plugged with a “pop-out" plug‘that is drilled with
R

a small hole. If the contrel element falls, thgr

plugs will pop ‘out at 60 psl and prov1de full vent:.ng°

fon e emad MEDR. AER e

—— ety
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_ ]' ‘ \ | |
| %.-Most commercial regulators will fail open if the
' l _ cgﬂﬁggl;@fément fails, yet very few fail iﬁ this - 57
_ I way. ltE‘,‘he controi-el;ﬁents are designed at qonéervativé
- “sﬁﬁess levels, and they usually\farcg?tlast the 5
% vaive seats. ' ' aj
A design with a nylon fabrié reinforced silicone
elastomer diaphragm contfbl element has been
utilized. Previous experience in giréraft oxygen
syStems has proven thiétarranQEment, particularly
for temperatures to -60CF, ’The.geléctedﬁd§si§p
has a maximum stiess level of 3,900 psi which“isl
: " well below the 67,000 psi tensile strength of the
! diaghraém‘materiali. » | | K | “
- 7 | i} ._ x%
- {_ - In the event of failu;e of the diaphrggm, the air
! ;ﬁgply.wouid be iap;diy lost unless;tﬁe cylinder
1 ~valve is quickly ﬁénipdlatea by the.ﬁse;. _That
{i | '-va1§e has beeg cqnyeAiently 1ocateésﬁﬂit‘c§nbe .
';[1 | : ’ Qéegated by the right hand. !
o o In order to prdvid; the air for egﬁéss,ﬁwith a
i D . A -
A_ _ failed opedhpressure reducer (reguﬁator), the
:L  R AU o : “' .”’A . L Q 5_
-

GIET-DNT
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user would immediately close off the cylinder valve,

- open the purge valve, then re-open the cyllnder

\ “

e
]
|

valve to provide the constant flow of air to the ’

~

facemesk.

3.3 Blockage of Air Supply from the Compressed Alir
' Cylinder =

If the components are clean when assembled and .

u'{ oL i T all th& adix that is put into the system is filtered,

then the only contamlnants what mlght block the alrh

oupply would be generated w1th1n the system,

e e
Tt T

iy ', ¢

Rust from steel high pressure cylinders is ;uch a

ﬁcontaminant. In this system, .aluminum hes been
selected as-the liner.ﬁeeerial*for the glass fiber
reinforced plastlc high pressure cyllnder,\ Its
‘oxidation p;oductiwalumlnum ox1de,'ls tlghtly
adhe%entzanﬂ?does_not break loose from the interior
%_ ﬂ ’ :of the cylinder; COnsequenély, the filter screen
normally included in the inlet port of the cylinder

valve has been intentibnaliy omitted.

It has been assumed that contaminants that get

|

;néo the system will be admitted thirough the

N
iy

gL ONI
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i " . T

cylinder valve either during recharge, or by acci-fl %
l } } déntally leaving tﬁé valve opéh after use. A %
] | screenfln thé\pyllnder valve would trap tnose' %:
: cgntaminants and assure that'they would get into
”3 — .

the ﬁigh pressure hose and manifold inlet on the

next system use. Withﬁut a ‘screen in the cylinder

I s
L
L

- valve, the contaminants would drop down into the

.cylinder and there wcﬁld be much less chance that -

" they would get back into the high pressure hose. -

A tube that protrudes down into the cylinder

assures that contaminants will not "fwﬂne}" down

into the:Valv%uwhen the assembly is,worn in the
;o

valve down position.

Since soméscontaminants may get back into the high

pressure'hose; a replaceable screen tyve filter

{ N 'ur-

“has been 1ncorporated into the fnlet flttlng‘of the

pressure reducer assembly. The filter effect;vely
blocks partxclps of 70 mlé\%ns nominal slze.

It is the same as that useﬁ'sucdessfully for méhyg
years in £ﬁe.8c0tt Air-Pak -line of selfjgontained

- a

breathing apparatus.

i ) .

e

e
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A pressure opening type valve is used in the

cylinder valve. With,this type of valve, a dislodged

Pt

g S

valve seat, or particles from the seat, will not

act like a check valve to bloqk‘the flow from the

+

R |

T ——
] | |
]

cylindex.
. 2
; 3.4 Blockaqéfnf“tﬁg Air Flow by avFail Closed Requlaf&r
i - - The pressure reducing regulators are designed with

conpression type coil spring loading. The springs
are designed such tﬁat:failuxe canses them to drop
one coil an? to éﬁtab%ishva.new lower outlet
pressure rathér‘than a zero outlet pressure. A
baékué regulﬁtor system is included in the pressure
a | . = ‘reducer gssembly, such that failurexof the primary
regulator to provide édgguate flow results in
au%pmatic transfer to ﬁﬁe backug_regulator,‘ The‘

-

warning whistle in the facemask is actuated to warn

JECEE it
7

that the backup regulator is in use.

Proper functioning of the backup regulator is
essential for the system to be trdly safe.

fonsequgntly, a "“press-to-test" button is prOvidéai

N . K . : i ’
i o o
.
1
i
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on the manifold to establish that the secondary

G9EP-ONI

regulator, the automatic transfer valve and the

alarm whistle are all functioniﬁg properly.

B9/Ci

A

!
:
3

3.5 Failure of the Usenlto Leave the Toxig or Oxyﬁen—
Deficient Area before the Air Supply is Depleted.

i ; A low pressure warning is provided to warn the user
when his air supply has dropped to 850 psig. The

! - _ warning system is initiated by a valve that senges

- ’ . the cylinder pressure. At a preselected pressure
it transfers the output of the preésure reduéer : » é
3 l o asseﬁblyrfrom t@e-primary regulaéor to the seFondary
I | regulator. The resultant incréase in pressuré

, - . actuates a slide valve, in'th?kﬁé§y=mounted demand . |
] : " . W } ; s : - i
' : regulator, that transﬁe:s soﬁ% of the outlet flow.
:: ' o ' f:om the demand regulator through a whistle mgunted

inside the facemésk. The whistle sounds with each

breath, unless the purge valve is turned on, in

.

~which case it would soundf&ontinuously.

Because the warning is matched to his breathing,

I
o

the user can readily determine that the warning is

. ] WP . i—
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his own, rather than that of a nearby "buddy".

However, since the algrm is tied to the air flow

through the demand regulator, pre-check of the low

pressure warning is more difficult than for existing

systems. S

A recommended procedure is: Don and begin using

the system, verifying that it is functioning

properly, ther momentarily close off the cylinder

valve and listen for the alarm teo sound, then

8l

reopeh the valve.

. GIEY-ONI
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Faulty or Inadequate Valves or Seals

The facemask is designed for optimum fit on the
maximum number of various facial shapes when worn

with the firemant helmet.

The facemask contains a minimum number of system

components. Consequently, it is ideally suited

for issue as personal equipment. As penﬁonal

: . \
equipment, it can be pre-fit and adjusted\go

the iﬁdividualvfireman under controlled éoﬂaiﬁionsﬂ”

By repeated donning-and fit checking, the fireman &

' can be reasonably sure.that he will have a good fit

when he dons it under emergency conditions.
»

STE . L

25
" NO._ER-1018 - PAGE
’ AVIATION
= m
4.0 EXPOSURE TGO TOXIC MATERIALS - z
4.1 Poisoning through 8kin s
»
The FBS is designed so it can be worn beneath a g
protective garment. A section in the instruction
manual warns the user against materials that poison
through the skin.
4.2 nInward Leakage into the Breathing System through

A i e g e

¥
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A guick check fdr inward leakage to be performed
immediately before entxy into a hazﬁrdous area is

én extension of thé check or the low pressure warning.
The systemiis-doﬁned, propéer operation verified,

then ﬁhévcylinder vaive is closed, the'low pressure

wafning is checked for operation, then the system is

- breathed down until a negative pressure can be

slowly created in the facemask, then the cylinder
\
valve is turned bac%fon and entry can be made into

the hazardous area..

fﬁéﬁexhalation2;heck valve is designed for minimum
leéééée: at a maximum 1eakége_fate of 1.5 séc/min.

it is at least lb times'better‘than éxistiné e#hala-'
tion valves. By shroudlng the valve with the cover

/
of the demand regulator, danger, from back leakage_//

- of a contamlnated‘atmosphere,blsfreduced even further.

- The system utilizes a mask-mounted demand regulator.

Consequently, only the facemask and demand regulator

are QXpbsed to negative'pressure during the bréathing':

N .
cycle. Posgible damage from leakage in a flexible .

breathing tube is eliminated.

fel

-+
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It is designéd:suchwthat it securely positions

itself oﬁ the‘faceland is difficult to dislodge.
The visor is strong enough to withstand nominal
impact damage (Steel Ball Test per Federal Spec.
GGG~M—125&); However, for greater”impact pfotedtion;

an awxiliary faceshield should be used over the

facemask. : e

:The'exhélation valve is protected against damage
by its location beneath the cover of the demand

fegulator.

; : 27
... NO.. ER-1018 P R § PAGE
l , “ AVIATION
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4.3 Inward Leakage into the Breathing System through z
'] _ Damaged Compounds g
“. The faceseal section of the mask is self—energizing. @
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FAILURE OF SUPPORT SECTION

The hafness and frame assembly is designed to
minimize the possibility of loss of support for
the air supply. Polypropylene webbing has been

utilized in the harness, since failure from

chemical attack (on nylon) has been found more

e
T
=k

common than failure from heat.

The frame is designéd-sb meﬁal-parts Hold the
cylinder to the frame. Both high and low temperature

exposures increase the risk of.failure of plastic

{

parts. Howéver, plastic is desirable for its l{
light welght, ruggedness and flexibility under normal./
conditions. By comblnlng it with metal in a

comQOSLte assembly, a sa#e,vl;ghtf functional

 assemb1y"results.
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- INTRODUCTION: = {

4500 psig (11,250 psig)

Page B-1

Ap%gndlx B

{
CAL@ULATIONS

iPirefi hter's Breathing System

STRESS CALCULATIONS:

e
-

i

. |
Three types of loading should be considered in designing the,
subject system. First,'and of most importance, is the result

of internal pneumatic pressure in the high-pressure portion

of the breathing system. Second are the loads created by

_attaching the various components to each other and to the

maﬁ's back. Third are the miscellapeous loads due to handling,
ship?ing, dropping and manufacturing. Some of the component§

are subjected to all three loadings.

Stresses created by pneumatic loads will be computed at ¢

“burst pressure of_zk times the max. operatiﬁg pressure of

R _ : "
) .
. ="Unit stresses will also be computed

~ at max. operating pressure of 4500 psig. The margin”bétween

these stresses and the allowable for the material involved

‘will be “available for resis&ing shipping and handling loads

as mentioned above.

¥

1
|
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GENERAL:

- Cylindrical sections with substantial internal pressure will

be treated as thick-walled cylinders wherein the maximum
hoop tension stress will occur at the inside surface of the

cylinder wall. The stresses will be calculated by the'fofioﬁing

formulas
;I 2 (Page 477, Fuller &
- MAX Py = P (r§'+ rz) / (r% - r%) J?hnson, Applied- Mechanics,
: Wiley)
where: Py = ﬁax, hoop tension stress at inside wall in psi.
Py ='f Internal pressure in psig.

rg = Inside radius

Outside radius

-
L\
]

Stress allowables are taken from MIL-HDBK-5A and QQ-A-367d.
Materials and stress allowables will be noted with each

component discussed.

4%,
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CYLINDER VALVE, P/N 27238

Body material 2014-T6, .alt. 2024-T4 or T351.

Mechanical properties 2014-T6é die forgings nct parallel to
forging flow lines per QQ-A-356C. |

| Fry ultimate tensile i 52000 psi
fty yield tensiie {. 2% offset) 42000 psi

Alt. matl. 2024-T4 and T351 per MIL-HDEK-5A -

Ftux -ultimate tensile (transverse) 54000

| Fyy yvield tensile (transverse) | 137000
Fgy ultimate shear | ‘ 37000
e percent longitudinal. | 10%
e percent transverse . _ _ 2%

Area "A" See Fig. B-l

'I. D. = .580, O. D. - 1.0

For burst pressure of 2.5 x 4,506 = 11, 250 psi
Max. hoop tension stress at "HY

P, = 11,280 (psig) x (.292 + .5%)/(.29% - .5%) = 22,600 psi

Max. hoop tension unit stress at inside wall. .
There are no mechanical loads to be considered in this area.

a

o |

1
g
S
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.321 x 11250 = 3610 lbs. axial load. The stem guide

" stress combined total. _This is 17% below the yield

Page B-4 | s ‘

Area "B" ° {

|

I. D. -~ .53 (basic pitch) ©0. D. = 1.0 |
2 2

P, = 11,250 psig (.265% + .5%)/(.265% - .5%) = 20000 psi

. SR 4 |
Max. hoop tension unit stress at inside of wall due

te pneumatic loads.

In addition to the above, there is the radial component

caused:by the 60° threads resisting the axial load

of the 11,250 psig against the #27260 stem guide.

Seal area for .64_diameter - .321 sq. inches. T

will'bé torqued to exceed the 3610#1axial load.

Use 5000 1lbs. axial load for calculations (about 30
ft. ibs. . -torque per E.S.N.A.: torque tables)

5000 1b. x tan 30° = 2885 lbs. radial load which will
be distributed equélly over the .29 inch length og

&) [

threads.

thread area - .53 (pitch dia.) 77 x .29 = .48l sq. in.

2885 / .48l = 6000 psig equivalent pneumatic load.
This equxvalent pneumatlc load creutesaa hoop tension

unit stress of Py = 6000 psxg {. 2652 + 52)/( 2652 -'.52)

= 10,650 psi. 20,000 + 10,550 = 30,650 pei unit

allowable of 2024 and at this burst pressure no handling

Bl
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.
At the max. working pressure of 4500 psig, thed above nax.
unit stress will be reduced by the ratié of 4500/11250 or to
12250 psi unit stress. This leaves about 67% of the yield
allowable foxr external applied loads.

i:

No other areas of the valve body are critical structuraily

from an internal pressure standpoint.

Area “Cc"

e

From loads created by rough handling, shipping,Lﬁﬁopping, etc.
this area is critical in bending as it is the weakest section
and subjéct ththe'largeat moment arm. To.the tensile loads

@

caused by the bending moment at this section must be added

the longitudinal pneumatic loads created:bylthe differential
pressure éé:oss'the "0" ring at ateaﬁ“A“.

= : . : \\

' N
- . N o

The seal area at A is (-64 diametgr}_,BZl sq. ino- Longitudinal
load is .321 x 4500 psi = 1440 1bs. Tife cross section area
at "c* = 77 .437% - 7.250% = .405 sq. in.
1440 / °405“- 3560 psi unit lohgitudinal stress. Reducing the
37000 psi allowable yield tensil:%y this 3560 we have 33440 psi

to resist bending moments at this area :C“;‘ﬁsaction modulus

Er 3

L SRR

3
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L: Page B-6
at "c" = I/cnﬂ /4 x RAH- r4 /R = .Q0585. Maximum aliowable
bending moment = Fty = SI/c = 33443 X .0585% = 1955 inch pounds.
The maximum moment will result from a force applied éf the e
on-off khob.‘ The maximum arm would be 1.6 inches. 1955/1.6 =
1222 pounds m;x,%%oaa which can be applied to on-off knob.
Actual wF of chargéd cylinder & valve 19;4#‘ 1222/i9%4 = 63 g ! '
loadiné allowable. If the charged 60cu. ft. cylinder wegg;
dropped and stopped by tﬁe knob, it could be decelerated ét’ifi___'
,(1220/19.4) 63 g withou£ yielding the vai?e body. .Basegjon : o 'ﬁ
an ultimate of 52000 psi, the max. allowéble moﬁent would be - .?
‘2830 inch pounds, or 2830/1.6 = 179o pound§ load at knob. o fxxyi
1790/19.4 = 922 g max. deceleration: ' (e | i ;

=

Loads in the same area as above could cause bending of the

.‘r.

27258 stem where it is supported by the stem guide. The stem ©, X
is. .304 inch diameter and made of 303 CRES Condition A. ' .
S

x|

. e . 5 . )i
Mechanical properties are: °(MIL~HDBK-S5A) = '%
Fey ~ 30000 : | - | | §

,,‘/_f' T ’ s B 5

N
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Section modulus of stem 2Z = I/c = W’r3/4 - .0027,

Maximum arm possible on stem extension is .56 in. -.

Maximum moment at yield = M = Fgy I/€ = 30000 x .0027 '

M = 810 inch pounds

810 inch'pounds / .56 arm = 1445# maximum load at yield.%x

Based on ultimate max. load would be 75000 x .0027/.56 =
3620# at failure.
‘Gage guaﬁd (27261} loading.

.090 thick, 1.25 wide, 1.12 arm, 2024T4

Py ultimate tensil transverse 63000 psi
%kty yield tensil ;ransvefsea‘ 42000 psi
Fcy ;yield compression lonéitudinal 39000 psi
Fsu‘ shear | _ ) = 37000 psi'

Based on compressive yield at 39000 psi:
| bh?

section modulus Z = €

=1.25 x .092/6 = .0167

‘max. allowable moment M 5f@Cy X Z

M = 29000 x .0167 = 660 inch pounds

. Max. arm for-loading this section is 1.6 ingches. .

660/1.12 = 5904 max. load at end of guard to cause yieiding.

Load required to ultiﬁatQ"failure_is’meaningleSS as the guard .

would;deflggt and strike the gaugenlong before it would break.

D T
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590/19.4 lbs. = 30.4 g at which cylinder valve assemb.y can '

be decelerated if dropped.

' With a minimum effort, expense and a weight increase of only

.02 pounds;-—-%iie bending stiffness of this guard can be doubled

if field observations indicate such a requirement.

No other area of the valvébody or parts is critical from a

xl
structural standpoint. ’

HOSE COUPLING ASSEMBLY, P/N 27239 ~(see Figure B-2)
Elbow - Material 2014-T6 alternate 2024-T4. - Same mechanical

propertiesras‘iisted previously for valve body. o

From a pneumatic loading condition. the worst case condition .
is hoop teﬁsiqn at pitch diameter -of bipéfthreads_neér tip end

of hipple and hose fittingﬁ

- 4 - . e
.
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Pitch diameter is .48 inches

0. D.° is .938 inches

2

- 2 2 2
Max. P, = P (r1 + T, )/(r1 - Rz)

= 11250 psig (.24% + .47%/(24? ~ .47%)= 18,000 psi
Tap drill is .437 I. D. so stress will be less in the

 area beyond threads.

Worst case from mechanical loadkng will occur in bendlng at

minor diameter of pipe threads of nipple at junction with elbow.
Minor diameter is .456 inches and bore is .156 inches. Material
2024-T4, Net area at this section is .14 sg. in. Section

o - 4 _

modulus Z = I/c = W‘(R -r )/4R 0091

 Max. moment M = F x I/c

cy

Failure (yield) would be on cdmpression side Fcy = 32000
Max M = 32000 x .0091 =" 291 1nches Ibs {at zero internal
" s E _ air pressure)

Ultimate,failura_would come as a zeSult-of longitudinal stresses

due to pneumaticgioading.at.4500 psig which amount to less than

1000 psi unitltensile §tress and the tensile loads caused by

.. ce e e . @ e ow @ . B a s vee - @

Max moment in thls case would be.

Max ‘M = (62000 —1000) x -0091 = 555" .

N
i
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The 1/8 in. pipe nipple end of the hose sees the same loading
conditions as the above nipple; however, it is made from one
of *he free machining cold finished low éarbon:bars. The

allowable for this material is substantially higher than the

allowable of the 2024-T4.
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PLATE FITTING — HIGH PRESSURE TUBE TO PRESSURE REDUCER.

/JB . Formula from Machinery's Handbook, 17th Edition,
—=* 1966; Erik Oberg & F. Jones; Page 1050, 1051

&‘ Handbook H-28, Part I; U. S. Dept. Commerce
National Bureau of Standards (1969)

I . 8-32 Scmews (Qry 4) | 5

| | - |
I

w :

a) ILe - length of thread engagement (inches) ;
’ TTK.'*\. My I_'é' + 857735 (Esmm- (<N M}\v)]
whﬂze’: A;k =Tepsne Avea §-32 = 0|40m ATABLE 2.8 f‘:,

. Enva v Mot Prrca Dis By T =, 139 s “Tasee 2.2 1 g

K Max « MAx M‘uon.bm. Iu-r"l‘uo =139 “TawwE 2. 7)

Le 124|u Min Req's

. IBSW.M»J FRrRoviDep .,
D) As = Shear area ext. thd. u
As = TT-n L. '} K 8% Ez-“.*‘ 57735 LE, (VI -‘s<-u.. “‘““)1
- As = L028 ™ ( Tmm:e-.ss ﬁCzeu) .
' c') An = Shear area of int. thd.

Jﬂ. “"Y\ LQ_ D':“?Mul o~ 57755<D5 Mol - E-“, MPX)] &

WHERE + Ds mw s MATo= Dty Bxr Tuo = lSI\A TABLE Z.t1
Em Macs Max Prrcn Bia TurTus <1415 [\ taes 2. 21

A-,.\_»-.: L0414 " (AL.UMIMUM B*:DT)
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'd) J - ratio strength ext to int thd

J = (A<)(Tensie Stecucrs OF Exr Tup )
(A‘VLXTEDZa:L& Strenery OF lur.Tao

(ozs ) 8o000)
J = o . 3 ‘Lm
{0414¢) 70000 '

772 < 1.0 Tvweeerome Lo (124) s OK.

e) Ws - max load @ burst press.
w= PA = (4500)z.5X.109) {
W= 1226 'b / 4 scpaws ./
Ws = 306.5 (b/Scmads’

f) . Screw stress :
< = Ws _ 30685 2159 .
A To4 C &8z Pe

(Soooo Pai Max Accews.)
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oy

will be half loaded.

.5 am & 5004 = 500"

i ' : Page B-13 : .

At the max. operating pressure at 4500 psig, the per screw
load would be (306.5#/2.5 (burst factor)) 123 poundé or
123/.014 sq. in. = 8770 psi unit stress in each screw.

= 1120 1bs. 1120 1bs - 123 1lbs = 1000 pounds per screw

f :emaining to resist mechanical handling loads. i

Allowable-total tensil for each screw is 80000 x .0l4 sg. in. : {

- Max. load on screw will occur when moment is qpplied_to'hose

K . i
1A A

L

£

fitting at 45° angle . | AN /
SR Ry
-Sexew A will -be fully

'lbédea;ﬁoﬁehﬁw;,Q #;1000 =

_lOOQ"_#_.; E S_C‘I‘E'.WS B & C .. .27243._00.‘; N

HOSE ASSY

Moment 2 screws X T
. = L - Al

ad
&

(7 ;I
<t ey R
: I RO Ve )
N 3 l‘. -

b J:I-. e A ;- ‘ | ll.‘ . ..
¥ I SQUARE P TN »

Total resisting moméﬂt = ,/“ﬁg "
_ &

1000 '+ 500 = 1500 in. 1bs. IO
|

The fixity at the ends of this high pressure line a#d.thé: o

_ - s
~ flexibility of the short connecting hose make a quantitative

-~
Y

analysis impractical:'howeve;, it is apparent that a 250-poun

e e S R e i i

ol
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"

" man could be lifted or dragged by grasping the kigh pressﬁre

— g

IF'. A
T

o hose and pulling in any airectionL

'{" % . The guaranteed breaking strength of the polypropylene webbing

) in the harness exceeds 2000 1bs.: for the 2" and 1000 1lbs. for : {

the 1". All buckles and attachments structurally exceed | ;

SO S S VR

;, their intended loading.
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-DIAPHRAGM STRESS — PRESSURE REDUCER DIAPHRAGM @ BURST PRESSURE

\\\\\ 1

Fa

= Fy =

Kl

Fi

Hii

|
b

T T

2& (PYIL)C&)
 2FL = @is o). 125) .
: 4?1; 394— Ib/mc.m anr‘

Fhe

/

!

LS

-t

Fx =

e .\’717/

Teusion Fowce (\.bs)

Py = Aereuer Pesss. (Ps1)- 3“;

- C = ConvorLurion Winrd (1w} = 125
T G‘mcuw\::.mauae_(\uc.ﬂ)
Sa.? Fioer STress (PS‘)

lq-"f fb/_NC.H :1

Ler &2 7 No OF Fiyzus Pem

THEw -

THen

Arr Ceoss SecTionh Pzen 9F Tacn Fimen *‘('.ana.\o’s.._,’-

lugy . OrF Cn!-’.ci.iV., v (48 ey .“"17_—!5.5.)
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» s

AREA B 7 _"j'\/ALVE: ASSY, CNULINDER
53(“”*5“‘-""’3 PART OF - DWNG. NO. 27238

1 STE™M GULI\DE
2 L0

|.6 ARM—— @
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FALL AREA C
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__HOSE £ COUPLING ASSY

TPARY OF WG, NO, 27239

. - 500 _.
(MINOWR b\A) AS&D _

zgwﬁ.

. N2

ELBOW WORST CASE —j

PD PIPE THD ATEND
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FBS VALVE SIZING

- Digmeters determined using

1\
|\

6.30 Cd xAZ%x ?

W V53.34 « <Thss

WHERE: W =

cé =

Py =
,{? 11)2 . =

abs.
R
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w
3 4 -
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"ECKEL" air flow calculator:

T T

Flow (ibs/sec)l "J
rélow coefficiént (0.65 to 0.8)

In51de dlameter of valve seat -
(1nches)

Upstream absolute pressure (p51a)

‘Downstream absolute pressure (psla)

Absqlutectemperature (°R})
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PRIMARY CIRCUIT - | .

|
1 .
g S
1
i
|
[

Cylinder valve

@ High pressure hose or tube flttJ.ng
o lst stage (prn.mary 90 psig) 7

@ Breathlng zegulator

" BACKUP CIRCUIT

®‘ Cylinder valve

\\. ‘\4‘ " i
@ High ﬁi:“essure hose :
() 1st stage (backup - 125 ps:Lg) ,

\\, Check valve .J'f ,_3 ‘e

@ L. P. hose

@ Breathing reg. s |
(j Aatomatlc actuator a _ | - o R
. Cyl:.ndﬂr acﬁuator |

5
A
Y




iy

N

l
| ] yl. Valve
!

P p PLOW VALVE DIA. :
OMPONENT 1 2 = Lo ' REMARKS
PSIA PSIA SEC RTES CALC. | SELECT
585 580 022 535 -.118 125
115 110 .008 200" .115 -125
H#._P. Hose 580 575 .022 [|: 535 .132 -156 Hose pressure drop
|1St® - 110 107.5 .008 200 - 149 -156 ' verified by test
. nd ftg. 575 .|570 .022 535 . | .133 | .156 110 psig
] 107.5 | 105 .008 200 - 150 .156 .
|
~1st Stage Lo} 105 89 .008 200 .099 1.178 .178 = regulated dia.
. 570 86 .022 - 535 . 060 *oows .125 = flow port
sheck Valve | 89 | 86 . | .008 | 200 156 | - |
() | ~92% | 86 .022 | 535 .191 | .193 | * Based on projected
:_ : " lst stage regulator
performance.
u. P, Hose - 86 84.5 . 008 200 .159 .203° Hose piessure drop
. B6 " 79.5 .022 535 189 . 203 verified by test.
Breathing 80 15 .022 | 535 .162 .200 | Valve sized larger
legulator ' Lhan réquired to
- ' reduce stroke.
i B
f— { . =
| -

PRIMARY CIRCUIT

Page B-21
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Page B-22
BACKUP CIRCUIT N
P p FLOW VALVE DIA.
OMPONENT 1 2 & Lo REMARKS
. : PSIA PSIA SEC. | ETPS CALC. | SELECT
]:yl., Valve | 585 580 .022 | 535 .125
P. Hose 580 575 .022 535 .156
- - : * Based on projected .
lst Stage H.| 575 121=* .022 535 lst stage (backupj
‘ ' regulator
. performance.
. .178 regulated dia.
.125 flow port.
i ‘ i .
Automatic "
or . v :, N . RERE
2ylinder 121 111 .022 535  ,175 1 .175
Actuator : :
ox(8)
]L. C)Hose 111 .203 As sized'previously
’/ ,:;-_:‘i"i i
!‘ /_]\) ‘ ) B p
Rlator (\:./‘?//Q{ As sized previously
5 u Coe
L=

P s
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both safe‘and suitable for its inténded use.

Page 1

AB TRACT

kls report presents'the results of a series-of
ﬂeﬁelopment tests performed on the Firefighter's
Bf’gathing'System.(FBS)P Scott Part Number 27273,
Revision A. The tests performed were a fuli series

of both:fcnctional and.environmental tests that

wculd show that the FBS met the design ana performahce
requirements of NASA Specification Numbcr_FBS—SP—OOl,

Revision 2.

The unit succeésfully passed most of the tests

‘ although high'énd.loﬁ témperature operatich'and

lmpact shock caused some prcblens, It can be

P

concluded that the flnal conflguratlon of FBS

meets the intent of the NASA specification and is




ER-1041 . Page 2

Ch=,
— po—
N
o
Q

| { GENERAL

é v }j% Ifgm Tésted

% ,ﬂC,} Firefighter's Breathing System - Scottzp/ﬁ 27275,

J fg* | " Revision 3, Serial‘NﬁMber 002. - ‘ | o Ff

2.2 Applicable Documents

The following documénts are applicable&to the extent

specified herein: | ' o -

NAS'A -.

Specification FBS-SP-001, Revision 2, dated

i el b

Kovember 3, 1971. |

i
A - MILIT‘ARY | g
é ,HILfSTD—BLOBV "EnvironmeﬁFaLITest Methods“ | Lg
R COMPRESSED GAS ASSOCIATION L | &
al | “Comﬁodity‘Specifiéétion fqr Ai#€,   f%
Hu;ber G-7.1 |
| SCOTT AVIATION
. Engiﬂéeriﬁg.aeport No;dER—IOET, "Development
J ‘Test.PrOcedure for the Firefighéér's Breathiﬁa e
YR ~ System", Revision B dated B”Féirua£§ri9f4.

S . ? D

[ -
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2.0

301

3.2

3.3

' Exhibit IV.

i | Page 3

TEST PROGRAM

Procedure

"All tests were performed in accordance with the

Scotf Aviation Test Procedure Number ER-1027,

e

Revision B. This procedure is incorporated as a

part of this report as Exhibit I.

~ Data
_All data sheets appear in Exhibit II.

'@ésﬁ Performance

#11 tests were performed by Scott Aviation except

£0r Sand and Dust and Impact Shock which were

pérformed by Dayton T. Brown, Inc., Long Island,

vNew?Ybrk, The repsorts of thess tests appear in

p

bt
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ER-1041

4.0
4.1

4.1.1

. Test described in Paragraph 4.4 of ER-1027. - Following |

~ this exposure, the unit

4.1.3

Page 4

TEST RESULTS

SEQUENCE 1 -- (TABLE II, ER-1027) COMPONENT TESTS

Overpressurization Protection -

The fusible plug which is assembled to the cylinder

valve was removed and subjected to the overpressurization

test as defined in Paragraph 4.12 of ER-1027. The
fusible alioy melteé as required at 220°F. The'”
frangible disc burst at 4100 psig. Since this
pressure was below the 4500 psig minimum, some
supplemental téstvaére performed; At room
temperatﬁre'(TodF) thé frangible disc;.without

the fusible alloy backing, burst‘at 4500,psig.'

- Proof Pressure

The FBS assembly was subjected to the Proof Pressure

I

w

.wasrsubjected ﬁo the’Static
Flow Test of Paragraph 4.15.1 6f ER—1027; NO'Qamage.
was noted as a résult of proof pressure.

Magk Weight .
Th;_facemask/breathing regulato:/low p;esaure hosé

assembly was Weighed and was found to be 1 1b. 1 oz.

R e A SN A A e e A LSt S e




ER-1041

4.1.4

4.1.5

4’.201

Page 5

Mask Leakage - IN

Mask Leakage - GUT

Since this series of tests is rather complex in

both procedure and result, they have beeh addressed

separately in Exhibit III of this report.
A .

s :
‘Pressure Gage Accuracy

The accuracy of the cylinder valve mounted pressure
gage was checked both before and after exposure to
proof pressure. 1Its function and accuracy were

unaffacted.

. SEQUENCE 2 - PERFORMANCE TESTS

“Flow‘Reguirements -

The FBS was'sﬁbjected to the fiow requirements
series of tests defined in Paragraph 4.1 of ER-1027.
'The unit delivered the required amounts of breathing

gas at the proper mask pressures during both static

'and dynamic flow conditions. A maximum inhalation

resistance of -1.2 in. H20 and a haximum exhalation

i cx
!“ -7tk . N

resistance of +2.5 in H,0 were eyperienced at the

- dynamic flow condition of 476 lpm NTPD peak flaw.

Specific results along with recordings of the unit

#

7 G P ot IS TR, M A PRI
: - . :




4.2.2 - Regpnonse Time - o e =

| 4o2.3__ Purge Flow o o . “ =f;*

ER-1041 L e Page 6

Yl
i

response during dynamic flow conditions appear

with the data:sheets'in»Exhibit:II‘of this report.

w .
g .
P .
L

It can be observed from the data;obtained'in
3Pa£agfaph 4;2,1 (DyﬁamiclrlowRequirements)
, thafﬁta}jflow-into_ﬁhe facémask céaées prior to
éfécking of the exhalation valve, andﬂeb) fé%amask
, pressﬁre does not d?op below thé.minimum of -1.5
mnches of water at 257 lpm NTPD peak flow. 1
\',}
_The FBS was.sﬁbjected‘tb the éurgé‘flow requiramén£§
aerxes of tests deflned in. Paragraph 4 3 of ER-1027."
o The unlt dellvered the requmred amounts of breathing
i gas.at the.proéér mask pfessures durlng both statlc
and dynamlc flow condltlons. ,Almaxlmumrlnhalatlon
_resistance of -1.0 in. 'H,0 ana a maximum exhalation

RS
fstance ‘of +4.5 in. H,0 were experienced at the

dynémic'flow condition of 476 lpm NTPD peak flow,
- Specifici\results along with recordings'zf:the unit
response during’dynamic flow conditions appear in

Exhibit II of this rebort:°

—— e

B
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4.2.4

4.2.5

4.2.6

Page 7

System Weight

The system was weighed and the results Qére as
follows:

Valve Assy. including lock ring

and seal o N .85 1b.
High:pressﬁré hose : -80 lb.
Pre;;ure reducer | 1.80 1b.
Breathing regulator & hosgiu '. “ .62 1lb..
gacemask ' ’ : : .61 1b.
ﬁarnesé & Frame Assembly. | 3.50 1£.
Total FBS Weight (less cylinder)  8.18 1b.

‘Operating Leakage

The system was. chécked forx operaﬁing leakage as

defined in Paragraph 4.13 of ER§1027.“ Nofleakége’

.was found. S o
Stored Leakage =~ °

. : B ,““ . ’ I.“ - . KA‘ : -
‘The cylinder valve/cylinder assembly was tested -

for stored leakage "charact»erisztics as defingd in

Pagégraph 5,21 of ER-1027. NG leakage was found.

o .
!
I f
- \\\ 5
i

&
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Page B

‘Warning Actuation .

The FBS was subjeéted.tb the warhipg~actuation

test as deflned by Pdragrap 4. 22 of ER-1027.
: \f/-f:“‘* ==

The 1ow pressure 11arm actuafed at a cylxnder

_pressure of 850 psig.f B

Waxning éignal Frequency and_ Intensity -

The FBS wéslSUbjeored to the wernihg signal frequency
andrihtensity test as defined in Paragraphlé;zﬁﬂof
ER—;Oé?,. mhealarm provided.a peak eignal intensityv
of 103 dba ano frequency “of 3570 ﬁz at a. flow of

55 lpm NTPD.

SEQUENCE 3 -~ ENVIRONMENTAL TESTS

ngh Temgerature Operation

The FBS was subjectedgto the hrgh temgeratﬁfél
operation test aL,defined’by Paragraph 4.15.3 of
ER-lOZ?i The stptio flow check to check.unit?
operation at high temperature showed”that*at specifrc
negative masﬁ/bressures the flow had dropped and
also.the alarm whistle never operated properly.
Only a slight chirp was detected with an actuation
&ggressure'of 640 psigox No leaxgge”or physical

damage was noted. Subsequent~failore:analysie

" = : w
o
R
B - - = /_;
- T : T ’ 7
- J//

|
‘|
|
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. 5}
showed that the pressure reducer regulator spr;ngs
z:had relaxed as a result of exposure to high temperature.
Corrective actien for this problem is to hot soék_
- ell“eprihgs before:assembly intec pressure raducers.
The pressure reducer of the develepment test'unit
~was brought back to the proper outpur pressures
by shimming. . The high teﬁberatﬁre :
operat1on tesr was again performed Qrth no problems i
-rn operatrpn noted.i However, a cyllnder aed cyllnder
valve aesembly fully charged was also placed in’ the |
' chamber for exposure to hlgh temperature and was =~ i — J
‘
found to have leaked all stored gas to atmosphere,

) Investlgatlon showed that the.fuelble elloy which
backs up rhe,burst dise in the overpresserization
:protectlon dev1ce had experlenced a "creep" deformation

S ~while at, 200°F. Slnce eressure 1n the cyllnder had

»? increased to approxxmately 4500 perg, the burst : o | ;
disc then cracked allowing the stored gas to slowly
escape. It is concluded that the cyllnder charged

g N
- to 4000 psig cannot be stoxed at ZOOOF, However,‘/x
durlng usge of the apparatus at 200°F, the- rate:/?/

28
o B /4

reduction in@@reesure from use would be greager than

cA e
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the increase due td-t@e heat input. A maximum
storage teinperature of 165°F is indicated. A.

f’* - cylinder ané‘Valve assemﬁly charged to 4000 psig
w;é exposed to 165°F for 13 hours and éxhibiﬁed no

\31eakage or extrusion of the fusible alloy.

4.3.2 - ‘wa:geﬁpe:ature Operation g

G S b

. The FBS was subjected to the 1owwtemperatu;é
operation test as defined by Paragraph 4.15.2 of
ER-1027. The staticlflow chégk at low temperature
(~60°F) revealed normal.élow:characterisﬁics bﬁt_a
low alarm actuation p:gééégz (740 .psig). When the
unit was fi;gt pressuﬁized to’2000_psi§: leakage

“was féund in the low préssure hose disconnect and

P

“gas flowed from the vent holes in the side of the

ressure reducer. The low pressure hose was found

;E to be very stiff. No other visual defects were néted.r ;5
The low temperature opération test was rerun at a :
temperature of -48°F. The %ﬁw,pressure hose . _ L

Eian - N s - i
. . ’ [’.ff; . '1
digconnect leaked and the low pressure&ggge was _ .
- i . 4

stiff.
W k !

ST
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A third low temperature operatioh test was performed
at -40°F. The only defects noted were a stiff low
pressure hose and the dust plugs in the side of the
pressure reducer loosened and fell out. The test

at -40°F was considered successful.

Relative Humiaigg‘

The FBS was subjected to the ielative humidity

test as defined byxfaragraph 4.15.4 of ER-1027.

The unit operated with no'degradation in perforﬁance
after 120 hpurs eprsure to the prescribed humidity

cfcle. ’Ebﬁefér,'the followiﬁg_thsical defécté were

i

a} . There was corrosion on the waist buckle, but

L
-its operation was unaffected.

'b):'Therferiules.and the fitting (1/4" pipe enﬂ)JOf:-

the high pressure hosé_were_corxoded,_
cj Tﬁéfe was'corrosion'arounﬁ the sWiﬁel’fitt;ﬁg{
. of thgrbreafhing regulator. “
a) iﬁe héﬁds of the cadmium pla;éé séreﬁé'mﬁ thg

padk frame were corroded.

@) There was moisture under the gage lens.’i,w/& ,
, . . N R rd

e
e
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ER-1041

4.3.4

4.3.5

 for performance with no problems noted.  The moisture .
‘had disappeared from Under the gage lens.

fggnd'qu Dust

Page 12
After the unit was conditioned at 77°F and 60%
relative humidity for 13 hours, the moisture
disappeared from under the gage lens. The corrosion

did not affect the operation of the system.

Salt Fog = o -

‘The FBS was subjected to the salt fog exposure test

as definedgby Paragraph 4;16f1 of‘ER—lO275 The

uniﬁ operated with no degradationin performahce

after 4é hours exposure to the prescribed salt fog

envirOnﬁent. However, the following”phyéicai o

defects were natéd:

a} Moisture appeared under the gage iens.

b) The'corrqsign_that had started during relative
humidity:continued, bﬁt,to~a lesser:degree,

c) . There was a small leak from the low pressure
hosérdisconnect._

After a 48 pdur drying period, the FBS-was checked.

The FBS Wasnéubjegted £o the sand and dust exposure

test as défined by_§axéggaphv4,16.2§bf ER-1027.
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The unit operated with no degradation in performénce

after exposure to the prescribed sand and dust

‘environment. No physical defects were noted following

this test. See Exhibit IV for Dayton T. Brown, Inc.

Iiaboratory Report of this test.

Imgéct Shock

V # B -' '-‘7 s
The FBS was subjected to the impact shock test as

defined by Paragraph 4.16.3 of ER~1027. The results

of each drop follow. Orientations are shown in.

Figure 11 of ER-1027.

Drop #1 a) ‘The éa§e le;s poppéd.out:“
,,b)_ The 5ar above the gage was bent
_ aé;;.contacﬁiﬁgfhe.gage; |
c) The cylinder surface Qas_sbratéhgd:

but not severely. .

Drop #2 ‘a) The eylinder valve handle.was 

broken:

b)' The surface of the cylinder was

scuffed again.

- Dro 43 a) The retainer tab on the cylinder

L . -
valve was straightened;

b) Cylinder scuffed again.”

Aj
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Drop #4 The threaded nipple of Ehe cylinder valve

broke at the root of a Ehread which

(A

would render the unit out of service. .

Drop '#5 - The cylinder strap of thé“back pack

- opened andAéhe cylinder partiali§
_sgpara&ed frgm the unit.f
a) . Five screws were sheared from the
cngf of the pressure reducer:
‘b):{The cylinder was gouged;

'e¢) Thé pressure reducer was dented in

il :

two,places_bystpe cylindgr strap.
d) Thé cov§yiofi%he_breathing r§gp1atbr
,wgg siightl? crgshqui‘. |
e) The'lgft.shéulder étrép‘ana the

waist belt were partially cut.

The only conditions which would be considered

hazardous were the breaking oy the cylinder valve

nipple and the shearing of screws from the cover of

the pressure reducer. A subsequent redesign was

undertaken to eliminate the aforementioned conditions,

&

i
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57

'b) The valve nipple was shortened to allow the °

.d) The material of the probe in the high pressure

. NOTE: After completion of development tests up.

Drop #1 afﬂbThe gage lens popped off;

Drog.#éj.- Cy11nd%; valve handle cracked."

.Drop #3_f' The bredthing’régulator was stored in

a) The direction of grain structure in the aluminum :
. of the cylinder valve was arranged to run parallel
-to the axis of the outlet.

hand disconnect to locate closer to the valve ’ %

body.

Y b e Ty LN s SR g i 5 e s

ec) A piate was installed between the backframe

and preséure reducer to prevent the cylinder

o Bt

strap from contacting the cover of the pressure .

- _reducer. 5 i

hand disconnect was changed from aluminum to

stainless steel.

e 5,:; ] N ' B ’ - Lt

through and including Sequence 7 "Burst Tests", a
second series of impact shock tests were performed
to verify the effectiveness of corrective action

taken. The following resﬁlts Were'observedz

b) The gage case. was,ﬂgformed by bendlng S

of plate overhanglngxgage-

c) Gage lnopergﬂqve.‘

the pocket of the waist belt and was
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Drop #4

h §
P

Drop #5

Drop #6

Page 16

subsequently destroyed when the back pack

apparently fell onto it.
g(

Gas flowed
from the low pressure hose but since
it did not whip around, it was not
considered hazardous. The cylinder valve
was then closed and the test continuéd..‘-

The resin coating on the outside of the

cylinder at the dome end appeared to

have cracked but 4id not. appear hazardous.

a) The low pressure disconnect on the
'p:eséufé réduégf.was'badly'dgformed
and would ngtAopéréte;3

b) The cylinder strap popéed épen and
would not ieclose tightlYa_-

a)_'é§linder valve handle brSké_into

many piéces;

- b) Gage face separated from gage,'

o) ,Cylznder strap popped open.

"The above defects, although *enderxng the unit

-- 1noperat1ve, were not c?n31dered hazardous to others

fwho may be in the area.

R T
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SEQUENCE 4 - USEFUIL LIFE TESTS -
H;gh Pressure Hose to Cylindexr Valve Connector

The high pressure hand disconnect was connected

-and-disconnected»from the nipple of;%he cylindex

valve as deflned by Paragraph“4 19. 1 of ERr1027.

After 4300 tohal cycles, a leakage of 1ess than

1.0 cc/min. was detected in the vent hole. This

was corrected by tightening the set screw holding
the O-ring on the probe. No leakage was detected
following 5000 total cycles. Viéual inspeétiOn

shewed that some of the teflon coatlng had worn

from the matlng threads, No other damage was noted.

Low Pressure Hose to Pressure Rediiéer Disconnect
e =TS

The low'pressure nose/préssure reducer disconnect

was mated and separated 1900 times as defmned by

\QF&‘

| Paragraph 4.19.2 of ERr1027q Follcw1ng 2000 cycles,

“a leakage of approx1mately 2 cc/mln. was deterted

Investigation showed that the O-ring inside the
} . . . R :‘-‘:-‘:\_\::{\‘ R " ‘ .
disconnect was badly worn. This was replaced and

‘the leakage was eliminated.

1
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exhalation valve showed n§ degrﬁdation in performance;
.{cj that although total flow at specific demand |
pressures héd reduced somewhat, it was still well
above minimum requirements. S .
The unit was then disassembled and the follbwi§g 
observations made: ﬁ : [?fb%?
(a) The Body of the bggathing regulator wasf. F
cracked in two places. These cracks are

suspected to be a result of the impact shock

test performed earlier.

a

(b} The demand valve shIOud.waé cracked at the

bend nearest the left screw hole. Wheh

removed, it separated into two pieces.

(¢} The diaphragm appears in good shape along with

ot /i

the exhalation-valve;-‘ %W
_ : {

“(d) The pivot of"tne'demandu}éivg'Wasdworh_causing~ 

a reduction in valve stroke.
(e) The slide valve for whistle actuation required
some lubrication. 2

(£) Generally, the unit showed little wear and

was somewhat dirty inside.

N e B i e A s e TR b St L s s 2
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Breathing Requlator to Facemask Connection

The bfeathing regulatér/facemaskﬁCOnnection was
mated and sepa:ated 5000 timés as defined by
Paragraph 4.19.3 éf ER-~1027. Norléakage was
detected following 450G total cycles. After 5000
total cycies,-a leak of less than 2 cc/hin, was

detected at the right side center of the seal.

' The seal was cleaned and angmall amount of Krytox

lubricant applied. The parts were mated with no
apparent leakage. Visual inspection did not
reveal any apparent wear in the seal. The brass

N

latch in the mask was grooved considerably by the

-
W Y

head of the locking screw. This &id_not affect

latch perforﬁance.

" 'gylinder Mﬁuntigg in -Backpack

The éylinder/cylinéer valve assembly was subjected

to 5000'placeméﬁt/loék—in-place/unlock/remové cycles.

- Visual inspection following cycling determined that

the ‘only wear point was at the very top of the

.- rubber strips which are cemented to the backplate

' _and are used to cradle the cylinder. Their function

was unaffected by this wear.

: PR
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seat was replaced and the test continued., At thé&
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Operational Cgcling

The gas controls of the FBS; i. e., the cylinder

valve, high pressure hose, pressure reducer, low

pressure hose and breathing regulator were subjected

to 5000 simulated use_cYcles as defined by Para-

graph 4.13.5 of ER-1027. VAfter 2000 total use o
‘cycles, the whistlée was audible at the start of

- each breath at al} inlet pressures above the normal

actuation point. This was traced to the fact that
'the‘output pressure of thé,primary presSu}e fegulator

had "crept"” as high as 110 psig. The regulatorl

v

W
T

i<

4215 cycle point in the test, the rqll pinsﬁhich,
aétaches the cylinder.val§e handle to. fhe valve
stem was sheared. This“ﬁas«de£e;£ined;;dhﬁegﬁgﬁlpy‘
test equipment. The roll pin was replaced:andﬁthé

test restarted.

Following 5010 total use cycles and 58075 breathing
cycles, it was determined that: (a) the cylinder

valve did not leak externally or internally; (b)  the

Bt - T tard s el
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4,
¥

The unit was reassembled and then subjected to

~a static flow checkmand:performed with no problem

evident.

Purge Valve

The|purge‘va1ve was fully opened and closed a total
of 5000 timeshas defined by Paragraph 4.19.6 of
ER-1027. At the-looo cycle poinflof ohe test. no

leakage was present but increasing fvlctlon was
noted in the operation of the velve, lI&t the 1150
cycle point, only 38 lpm of flow was emitted with
the valve fully open. The assembly was dlsassembled

and 1nspected. Wear was’ found on the matlng threads

which resulted in the formation of plastic dust and

an increase in friction., There also was sSome wear

evzdent on the contact p01nt ‘of the valve plston

and p1n of the stem assembly. The asseﬁbly was

"cleaned and reassembled and the flow set at 150 1pm
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SEQUENCE 5 - PERFORMANCE TESTS

_Flow Eequi;ements

The FBS was_subjected to the Elow requirements series
of tests defined.in paragraph 4.1 of ER—1027.' The

unit delivered the requlred amounts of breathlng

gas at the propér mask pressures during both staticy
and dynamic flo; conditions. A maximum. inhalation

resistance of -2.0 inches of'watet and a maximum
exhalation resistance +2. 0 inches of water was

experlenced at the dynamlc flow condition of 476

LPM NTPD peak flow. Spec1flc_rgsults along with

recordings of unit response during dynamic £low

conditions appéar with the data sheets in Exhibit II.

Response Time

It can be observed from the data obtained in paragraph

' 4.5.1 {Dynamic Flow Requirements) that a). flow into

the mask ceases prior to cracqug of the exhalation

value and ). face mask pressure does not drop
below the minimum of -1.5 1nches_of water at 257
LPM NTPD. peak flow.

Purge Flow

- The FBS was sub]ected to the purge flow requlrements

aerles of tests deflned in paragraph 4.3 of ER-1027

L g R
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The unit delivered the réquired amounts of breathing

gas at the proper mask pressures during both static

and dynamic flow conditions. A minimum inhalation

.resistance of -2.0 inches of water and maximum

exhalation resistance +4.0 inches of water was
experienced at the dyhamic flow condition of 476
LPM NTPD peak flow. Specific results along with
recording of the unit rEsponselduring dyhémic £low
conditions appéar in Exhibit I1.

System_WEithi

This test was not ré%eate&.

Operating Leakage

The system was checked for operating leakage as

was detected.:

9]
;'4(‘
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e

Stored Leakage

'y

The cylinder valve/cﬁ%inder valve assembly was

P

tested for stored leakage characteristics as
e = . :
defined in Paragrapﬁ 4,21 of ER-1027. No leakage

was detected.

Warning Actuation

- - /4 a '
- The FBS was subjected to the warning actuatioq test

e “,"—‘ - ‘ ,,1!' _ i
as defined by Paragraph 4.22 of ER-1027. The low
pressure alatm‘%étuated'at a cylinder pressure of

850 psig.

N

Warning Signal Frequency and Intensity

the FBS was subjected ﬁ%lkhe warning signal frequency
£ ' :

R ,,»/ S o t Ti S
and %mten51ty test as defined
4

by Paragraph 4.23 of
/ & .

' it

G

- £ -
ER—%QZ?. The alarm provided a peak signal intensity

s

L] ‘.\ R ,f“ - . B e . .
of@ga%§bA and frequency of 3570 Hiw t a flow of 55
OTon dba 2 ; at H
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SEQUENCE 6 - COMPONENT TESTS_(PARTIAL)

0ve:pressurization Protectjon :

e

| The-fus%b1e. 1dg which is assembled to the

y
T

4,6.2

4.8
4.8.1

), ,
cyllnéar valve was rvmoved and subjected to the

3

,,.__.,-

'ave:preasurlzatlon test as defined 1n Paragraph 4,12

ofXER—1027. The fusible alloy melted as required
at{,220°F. The frangible disc burst at 4100 psig.

Pressure Gage Accuracy

The accuracy of the cylinder valve mounted pressure
gage was checked following the 1lift cycling test
series. Tts functipn and accuracy were unaffected.

SEQUENCE 7 - BURST TESTS

All gas éontrol componants of the FBS were.subject§§

' .to the burst test as defined by paragraph 4.5 of

ER-1027. Visual inspection showed that no

deformation of any kind resulted. .In addition mo o

[

léakage was présent when an outward leakage.tést

was performed

‘ SEQUENCE 8 - DEMONSTRATION TESTQ

Donnlng/bofflnq

"‘v-v

A trabnea test aubject performed the donnlng dofflng .

test series as defined in paragraph 4.7 oﬁ#ER—1027;

The subject averaged 14.5 seconds for a sériés“ef_:

five donning exercises. The Bame subject.averaged o

Rl
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1.5 seconds for a series of five doffing exercises.

Startup -

‘A properly trained subject donned and performed the

FBS startup procedure as defined in paragraph 4.8

of ER-1027. No problems were noted during this

Orlentatlon

A tralned subgect wearlng the FBS performed the
orrentat;on procedure as defined in paragraph 4.9
of ER-1027. The EBS qperated wlth no degradatlon
%p.performahce.in all orientatioﬁs. b

Controls .

It was verified thatr all controls are accessible to

4 ‘\‘
o

the wearer and;

g
/

of inadverient actuation:as defined by paragraph

4.10 of ER-1027,

# - o : HT

Pressure Vegsel Replacement

A trained subjECt>performed the pressure vessel .

'replacement test as defined by paragraph 4. 11 of

ER~1027. The maximum elapsed time to remove and

replace a cylinder was 58 seconds.” -

E——

System Envelope

A aubject wearxng the FBS over a turnout coat

performed the system envelope teat as deflned by
4 " .

e,

sre arranged to minimize the possibility

i

ol e 2
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paragraph 4.17 of ER-1027. It was verified by ;

_inspection that a). the unit was as closely

conformal to the wearer as possible b) corners and

edges are rounded c¢). protrusions are minimized.

 Comfort

Thfee subject; wearing the FBS over a urnout coat
performed the comfort test as defined by paragraph
4.18 of ER-lOZ?. 'No abnormal reactions were

ekperiehced by any of the subjects.
i

Visor Fggéiog
A subject weaxing the FBS performed the visor fogging
test as defined by paragraph 4.26 cf ER-1027. It

should be nSteafthatfdue to a low temperatute

“chamber malfunction the:tempe;aﬁﬁ:e duﬁigg'thés test

ranged from -6 to -8°F instead of the wequired
-20 *59,
Before enterlng the chamber the mask lens was

cleaned and treated with a commerc1al antz—ﬁogglng

/

-'agenﬁename@/”Magic Lens Cleaning Anti-Fogging Fluid"

manufactures by the Silicone Paper Company of Ameérica.

The FBS with avnoseoup installed in the mask was

donned and the eubject entered the cold'chamber.

hi

‘The mask 1mmed1ately formed an approxlmately v w1de

i }

band of fog around the perlphery near the face seal

After the firet:éxercise period this became moxe

e b emer i et ks el et

e m—— e
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A N - pronqunced. Abprox?matély six minutes after=entéring
the ;hamber, moisture droplets begég to form just |
above and to the subject’'s left of tﬁe breathing
regulator.conneﬁtion. ‘The patﬁérn.indicated that

the droplets_were being:sprayed up from the spray
barof

T G

Fogging increased until the l4-minute mark at

which point the lens was 90% covered. At the 15-

minute mark, the nose cup was reimoved and the lens

; 1 . . became completely covered. The test was texminated

at the l7-minute mark. o _ "‘  a3t

The mask was cleaned, dried and treated with

another anti-fogging componnd made by Acme P#oducts,

53

Inc; of South Haven, Michigan. The nose cup was

I

installed in the mask, a full cylinder placed in
the FBS and the test restarted. | - |

Q4 No fogging occurred after two minutes in the cold

u

chamber. . After 4 minutes, a small band of fog"

approximately 3/4 inch wide appeared across the

% i i
L. ’ -ﬁf\ - - ‘
' center of the lens. After 8 minutes the lens was {

; L ' ' : %

completely covered with fog in the center’ and frost ;

Eg * around the periphgry: At tﬁe‘llemingte mark, the /} 2

7 ‘ ‘ 7
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“disappeared. A layer of moisture could‘bé'seen'

coating tHe inside of the lens but visibility was

Page 29

nose cup was removed and all fog andifrost coﬁpletely

unimpaired. The test was terminated after 15
‘ 2
o

minutes.

o
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Letter/Date

A
6/29/73
W
i \3

Para.

(a)

~ Revisions

3.9 Conversion Chart. '
Added equivalent NTPD flow for
125 LPM BTPS.

Séra. 3.6, 3.7
" (.. Removed reference to Scott Quality

CGntrol B _ S , _:;;
' Para. 4 l.l, Step 1 - . ‘ S
.? Pigure 4 changed to Figure 1. _ S

Para. 4.1.1, Step 3
Redefined leakage test, was pressure
decay test.

i ’ )

o ke e
o

Para. 4.1, l, Step 4
e Changed flow of Item (1) from 2.0

] sce/min. to 20 scc/mln.

4,1.2
Added flow at -1. 25 mask pressure.
Title changed to include :
. "intermediate"”.. : ‘ ' ?

Para.

4.1.3
- Title changed to add "& Static Flow".
Added static flows at +2.0 and 4.0
mask pressure.

Para.

_ : & ’Phkﬂ
Para, 4.2
Change reference from Para. "4.2,

Step 2" to Para. "451. 4, Step-2",

Para. 4.3, 2
@ Added static purge capabllxty
test°
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Para. 4 16. 3, Step. 2

(k)
i
Revisions
(cont.)

Para. 4.4, Proof Pressure
Changed to show proof test on cylinder

valve assembly. Was cylinder & valve
assembly. '

Para, 4.5, Burst Pressure
Changed to shoj burst test on
cylinder valve” assembly Was
cyllnder & valve assembly.

Para.: 4.4L,4 8, 4.10, 4.17, 4. 18
Added words "wearing a turnout
coat".

ad:

Para. 4.12
Revised procedure to burst device
while at 220°F.

Para. 4.15
Removed 4000 psig and added "2000
& 800 psig"”.
Para. 4.15.3, Step 2, Line 2
o Changmd word "low" to "high".

' | /

Added visual lnspectlon following
each shock. =

Para. 4.19.3 Inward Leakage, Steg
Changed -2.0 to -3.0.

Para. 4.24 Inward Leakaqe “
Item (/;/Callbratlon to be based

on le/fPM, was 1500 PPM.

4
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I ER-1027 (e)
" Revisions 'fﬁ
I (Cont.) ) B
'é ' ' . Labeled Cylinder Valve on schematic. .
' Eigure 2 ~ - :
R l Flowmeter relocated upstream of :
dummy head. i
’ ' | v Figure 5 _ ;
f Removed "4500 psig". _ :
. @
} ' Figure 9 i
’ Moved helium sniffer to breathing f
regulator. %
! - : Figure 13 : @ %
] . ; Added figure to reflect addition g
f _ " of Paragraph 4.3.2. ;
| | C i
; ;
Data Sheet #1
. Page 1 - Step (3) Leakage; 1.5 scc/min. é
) maximum added, ;
v - Page 2 = Changed title and added data
: for -1.25 inches mask pressure.
= Page 3 - Changed title and added data
for static flow check.
i . Data_Sheet #2
%7 - ‘Page 2 - Step (3) flow at 100 psig
: cylinder pressure; added

0 111.2 LPM NTPD.

l Data Sheet #3 - . _
& < Added block for 800 psig inlet

= [ static flow check.
; i : " pata Sheet #5
¢ l . : Added requirement for total system
; Weight °
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()

Revigions
{cont.)

N |
Data Sheets #9, 10, 11, 12, 13, 14
Added block for 800 psig inlet
static flow check.

Data Sheet_ﬁl4 _
hAdded block for wvisual check after

each shock.

Data;gbeet #17
Added columns for both inward and
outward. leakage and ?dd od speC1f1cat10n,-
limits for each

Data Sheet. ﬁlg ==\
- Added static flow checﬁ)at 800 -

"= psig and exhalatxon&ydive check
at +2 and +4 mask pressure.

Qata Sheet ﬁzo'_ 21‘ 2"2.’. 23‘
Added specification limits.

C)

e

All reVL81ons were made to reflect changes agreed upon 6/21%\%/
at a meetxng between NASA and Scott representatlves, and . W
experience thh preliminary tests. :

[‘
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I Revisions

_ (cont.)

! Letter/Date #
{ N 2/6/74 Para. 4.1.1

Step (1) 4000, was 4500. A B

Step (3) Changed 1.5 scc/min. to

10 scc/min. i

Step (4) 4000, was 4500; and added A

‘"above the leakage value ;
determined in Step (3) above'.

. Para. 4.1.2 |
Step (1) 4000, was 4500.

‘ B Para. 4.l.4
' . o B Step. (3d) Eliminated "Record the

pressure at which the low

pressure alarm actuates” and

" substituted what ‘was. Step (). =

“Step (4) Added step.
, . Step (5) Was Step (4); 4000 was 4500.
o , : o Step (6) Was Step (5).

. ir L
R B RS S T R i T i

s,

‘Para. 4.3.1 J
Step (3d) Eliminated "Record the 3

. pressure at which the low - *

7 pressure alarm actuates"” and )
substituted what was Step (e)-: :

Step (4) Added step. , . :

Step (5) Was Step (4).

Para. 4.3.2 : : A
Step (1) Removed "a fully charged
= cylinder"; changed Figure 13
to 5. '
Step (2) Added "supplying 4000 psig
: to the system".
Step {3) Eliminated “COnthuously
o record both total flow from
‘the exhalation valve and |
total mask pressure until
i . 5 . : ) cylinder pressure drops to
: | _ %% 100 psig. Periodically

2
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Revisions
{cont.)

" Para.

Para.

Para.

. substituted existing

Step (4)
Step (5)

4.13
Step (1)

" Para. 4.16;3

Step (1)
Step (2)
Step 03)

4.19.1
4000 was

4.19.5

Para.

Para.:

Step (2)
Step (4)
Step (5)
. Step (7)

4.21
" step (1)

4,22
Step (1)

A Step'szj

Step (3)

4000 was 4500.

i

(£)

'VA\‘Q.

record on the chart paper
cylinder pressure." and

Step (3).
Added.
Added.

|
¥

/4000, was 4500.

4000 was 4500.

400U was 45u0.

Eliminated "and then subject
to the static f£low test of
Para. 4.15.1".

T

4500.

150 1lpm was 250 1pm. . ;' |
150 1lpm was 250 lpm. -

12 solenoid was 20 solenoid.’
4500 was 4500.

was "Place the FBS on a user
and start up."

was "Observe and record the @&

préssure at which:the
depletion warning device
actuates."

was "Also note whether the
device operates on. the
inhalation pertion of breathing
and when the purge valve is
open."

J
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Revisions

Para.

{(cont.)

4.23

Second paragraph was "Adjust the

purge valve to obtain successive

flows of 10 and 75 lpm NTPD. At

each of these flows, measure the
alarm signal and frequency using a
measurement bandwidth of 500 to 4000 Hz.
Using the breathing machine to obtain
dynamic flow conditions, again measure
and record the alarm signal and
frequency for peak flow cycles of

257 and 476 lpm NTPD. Repeat the
above test series using a measurement

frequency bandwidth of all frequenCLes_H;:jﬂ

except 500 to 4000 H=z. _ 0

Figure 13

Data

Eliminated (statlc purge capablllty)

Sheets

Revised to reflect above changes.

-

~All Revision B changes were made during the ccurse of testing

to either correct errors 1n the procedure or errors in test

conceqt.

Paul Bement
February 6, 1974
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This pzoceayre describes a series of functional

and environmental teéts to be performed on a Phase II
devélopment'modei of the FirefightEr'é‘Béeathing System
(FBS) deSLgned and built on NASA Contract Nunmber
NAS9-13177 by Scott Av1at10n. All tests w1ll be
performed under the auspices of the Scott Aviation
Engineering Department in their Test Laboratory

or in nearby vendor facilities.

The overaill objective of this test program is to

furnish the basis' for verifying the FBS meets the

performance and deéign-requirements of the NASA

specification.

o
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2.0 APPLICABLE DOCUMENTS

NASA Specification FBS-SP-001, Revision 2, dated

' November 3, 1971.

Titled: "Performance, Design and Cost Require-
ﬁenﬁélfot a Céﬁpressed Air Demand-

. type Fireman's Breathing Syétem"
MIL~STD-810B, "Environmental Test Methods"

.. Compressed Gas Association Commodity Specification

for Air, Number G-7.1
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3.0

3.1

- ‘held prior to proceeding into the development testing. -

Page 3

GENERAL

Test Medium

The breathing gas used will be pure, dry breathing
air conforming to the requirements of the Compressed.

Gds Association Commodity Specificaéfbn for Air,

G~7.1, Type I (Grade D or highér quality).

Environmental Conditions ' R ’fﬁg
Unless otherwise specified, the ambienﬁﬁéonditions
forvconducting the operational tests herein will
be as follows: “ |
. (1) Temperature: ,779-i 18°F

(2) Relative Humidity: 90 percent or less -

(3) Barometric Pressure: Locél st;ndard

(28 to 32 inches of:Hg)

Qrder of Tests

All verifications to be performed are shown in
Table I and the sequence of system tests is shown .

in Table II.

The tests listed in Table I as demonstrations

shall be demonstrated at the_Tést”Readiness Review

. - . . 2
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Page 4

The test philosophy used in egtablishing the test
sequence listed in Table II was to establish the
tests into groups and sequence the test groups.

The individual tests within any one group may be

scheduled to allow maximum utilization of test set-

ups, personnel and equipment.

Jr
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ER-1027 DEVELOPMENT TEST MATRTX - FBS TABLE I
TEST LEVEL (Component :Td/or Systam}
NASA Spec. Scott Procedure 7 o /
PRS-5p-001 - ER~-1027 i
TEST ! - “
Paragraph Paragraph ;:5;' Y &
Numbers Hupbrers _-$’ ;f"
oy &
. E
".F’.crl« ﬁe}uirementa 3.1.1.3 4.1 X
Ifnm,,sbonéa 'I"ime ’ . 3,1.1.4 4.2 x
\irge Capability 3.1.1.5 4.3 x
Pré!cf Pressure | 3.1.1.6 4.4 welox X b4 X
Bupst Prossurée 3.1.1.7 4.5 x | x | x
System Walght 3.1.1.8 d.0 ®
Dons Lhg/No f£ing~Demonstration 3.1.1.11 4.7 X )
Staiﬂ;up-‘-ﬁemanstratlon "3.1,1.12 4.¢ X
orie}%_tation-nemnxt#ation 3.1:1.13 . 4.9 X )
contr?laibamons tration 3.1.1.14 4.10 x L% g
‘Pressiire Vessel Replacement- 3.1.1.15 4,11 o 4 bl
Demonstration _ ' § %
Operating Environments 3. 1.1716 - 4,15 X = E
. anopé@'_a!;ing Environments 3.1.1.17 4.16 X o -
System Envelope-Demonstration 3.2.1.18 4,17 X = g’
comfort-Demonstration 3.1.1.19 4.18 X ;_If? o
Useful pife 3.1.1.21 4.19 X 3 E"
System Leakage 3,1:1.23 4.13 x S En
Pressure Vessal Mounting~-Demonstration 3.1.1.24 4.20 X X
Leakage ' 3.1.2.1.2 4.21 b'd
Pressuré Gage Accuracy & . 3.1.2,1.3 T 4.4 X
Actuation. ' 3.1.2.2.1 - 4,22 e
Overpressurization Protection 3.1.2.1.6 4.12 X X
Signal Intensity S 3.1.2.2.2 4.23 . x
Signal Frequency 3.1.2.2.4 4.23 X
Inward Leakage 3.1.2.4.2 4.24, X X
Outward Leakage _ 3.1.2.4.3 4.25 ’ X x
visor Foggiqgunemonq tration 3.1.2.4.5 4.26 X
Weight - ' 3.1.2.4.6 4,27 ) x | =

=t
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| ‘.. TABLE II | {
! ] Sequence of Testing = |
i H L
i _% _ Lo ' ER Procedure
f g Sequence’ Test - Para. No. i
i 1 _COMPONENT TESTS _
o Overpressurization Protection 4.12
[ Proof Pressure . 4.4
o Mask Weight 4.27
Mask ILeakage -~ IN 4,24
| Mask Leakage ~ OUT 4.25
' " Pressure Gage 4.14
|
1 .2 . PERFORMANCE TESTS
i [. | Flow Requirements 4.1
‘ . Response Time 4.2
L : Purge Flow - 4.3
? &7 System Weight 4.6
Operating Leakage 4.13
g Stored Leakage 4.21
: i Warning Actuation 4.22
- Warning Signal Intensity 4.23
Warning Signal Frequency 4.23

1-.‘ E

ENVIRONMENTAL TESTS

A ———iy
W
|

Iow Temperature
{ _ . | Bigh Temperature
2 - ' - Relative Humidity
Salt Fog .
Dust

I T
_ Imnast-gizgck

Static Flow Test (perforﬁéd priof va.ls,l
 to and after each environmental test)

3
z-L . R
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| ' TABLE II
! {(cont.)
i § ' Sequence ' Tast
. 4 . USEFUL LIFE TESTS
i S Life Cycling Test
{ 5 PERFORMANCE TESTS
'{ . S © Same as Seguence 2
3 6 COMPONENT TESTS (PARTIAL)
5 _ - OQverpressurization P;otection
g J : Pressure Gage
g .
[‘ 7 BURST TESTS
- lh Burst Pressure Tests
3 Tf
= i e e -

Page 7

Procedure
Para. NO.

4.19
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3.4.1

3.4.2

Page 8

Taest Instrumentation

Accuracy

The acﬁuraéy of instruments and test eéﬁipmént.ﬁsed

to control or monitor test parameters specified

herein shall: |

(a): Conform to laboratory standards whose calibration
is traceable to the prime standards at the
U.”S, Bureau of étandards.

(b) Have an accuracy of at least one-tenth the
tolerance for the test article variable to

be measured..

‘Calibration and Certification

Prior to sﬁarting anyﬁﬁést, Test Engineering shall

review the instrumentaéion to ascertain that:

1a) Cali@sationyand cértification have been accomplished
énd'ﬁrevalid.

{b) The‘calibration time period will not elapse

during a.test of long duration. If this

SRR 5.y Sl b & Y SRR R 1 eyt G im

possibility.exists, the applicable instrument ’
will be replaced by one with a more recent

1célibration date.
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(c)' quipment; such as strip éhart recorders, have
“been checked for proper operation and accuracy;
prior to starting the test. These instruments
shall also be chgaked}@eriodically during
testing to ensure that drift has nqtexcéeded

the specified tolerance.

3.5 _ Static Flow Test

A static flow test to determine the development test

hardware is performing within specification tolerahces
will be performed before and after each environmental
exposuré. When Ehe tests are conducted in éeries
with no significant time interval between tests,
the test after én”envirdnmental exposure will sé;%e'
as verification of proper performance before the

B

succeeding environmental exposure.

3.6 :Lest Nctification

DCAS personrel shall be notified a minimum of three

(3) days in advance of testing.

R D
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3.7

A test log will be kept on the:?ést"haxdware,

Page 10

Test Rigor
The Development Test Progzam will be performed

under strict control of environments and test

procedures contained herein. Adjustments or tuning

of thé test hardwﬁre will not be pérmiﬁted during'
these tests unless it is normal to in-service operation.
Control shall be enforced by the witnessing of

tests by DCAS personnel.

In the event of noncompliance with any of the
requirements of this procedure, the NASA Technical
Monitor will be notified of the nonconformance, any

changes or adjustments made to the:test hardware

.and the recommenéed retest prior to‘cdntinuing ~ £
' the test program. . S " ' 'kﬁl'
Test _Log

begihning~with.the formal demonstfétions at the Test

s

Readiness Review and ccntinuiﬁ%fchronologié&lly through |

o S — T
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3.9

Page 1l

the testﬁyrogram. Thé log book shall accompany

the test hardware andiaccpunt for all periods of

time including idle periods. The test log is

intended to supplement the test data sheets. The

log e@tries shali be complete, self-explanatory

and include, but not be limited to, the fdilowing:

{h) _Action tgken to have “quiék_fixes" in test

" Flow Computations

{a) Dafe and timegpf entry;
(b) Identity of test or inspection;
(¢} Environmentgl data (if not included on test
data sheets);
(d) 'Characteristics heing investigated;
(e) Féilure or.unsatisfactorf condition.observations;
(?ﬂ Record of repair and maintenance;

(g) - Record of unusual or questionable occurrences

‘involving the eguipment; . S : Pa

formalizeéd as design changes;

(i) Identity of individual making entry.

All flow values are expressed in liters per minute

‘NTPD, Since the NASA sﬁéciﬁication‘exPresses flow;

i WG M WS S e 5
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in liters per minute BTPS, the conversion is as

follows:

(PB?47))

LPM NTPD = LPM BTPS {0.0012484

where

LPM NTPD liters per minute, normal temperature,

pressure, d4ry

LPM BTPS liters.per minute, body temperature,

pressure, saturated

Py = Barometric Pressure

The above conversion was obtained from: Society
B -

of Automotive Engineers Document Aerospace Information

Report Number AIR 825, titled "Oxygen Equipment for

Aircraft”, dated 2/25/65.

Q | CONVERSION CHART
LPM BTPS EQUIVALENT LPM NTPD
125 111.2
200 178
289 257.2
535 476.2

&

A o e AR, ST 8 o POV BT - st .
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{J : 4.0 PROCEDURE
4.1 .. Flow Requi:ements

4.1.1 ZInhalation Initiation

B (2)
| 3)
|

|

.

| @

s

Install the FBS in the test setup shown in
Figure l. " Record test instrumentation

description. Adjust regulated air supply to

4000 psig.

With the cylinder valve of the FBS closed,

slowly opén the needle valve (1).

Adjust the needle valve and create a negative
pressure of 2.0 inches inside the mask area.
Record the flow onvﬁlowmeter (3), which ig the
inward leakage. I£ leakage‘greate: than l0
scc/min. ekists,>it shoﬁld be coFrected'before
procgeding.

Open thé cylinder valve of the FBS supplying
4000 psig'regulated-air to the system. Slowly

open the needle valve (1) until a flow of 20

scc/min. above the leakage value determined in.
step (3) above is indicated on flcwmetex (3).
Record the maximum negative pressure indicated

' by water column (2).

<
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i

(5) Repeat Step 4 with a regulated air supply of ‘
1000 and 570 psig. {

4.1.2 " Inhalation Flow at Intermediate and Maximum Specified
Negative Pressure

(1) Install the FBS in the teet setup shown in
Figure 1, and apply a regulated pressure of
4000 psig to the cylinder valve. _

(2) Open the cylinder valve and start up the FBS.

(3) Slowly open need@e valve . (1) until.the pressure
in the faceplece is -2.0 inches of water.
Record the resulting flow on flowmeter (2).

(4) Repeat the above test for inlet pressures of

1000, 570 and 100 psig.

N

.(5) Repeat Stege 3 and 4 above for a facemask

pressure of -1.25 inches of water.

4.1.3°  Exhalation Initiation & Static Flow .= | |
| (1) 1Install the facemask and regulator ih the'test
esetup:shown in Figure 2. Record test_@netru—'
mentation description., v |
(2) Slowly lncrease the outlet pressure of regulator
) (l) untll a; flow lS obtalned on flowmeter (2)
(3). Record the pressure indicated by water column (3}
- (4) _Change the flowmeter to one of hlgher range and _"
determine the resultlng static flows for mask

"pressures of +2.0 and +4.0 inches of water.

W
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L ]
?‘, 4.1.4 Dynamic Flow Requirements | ‘J
1 =l (1) 1Install the FBS with a fully-charged cylinder | | :j
; ' ' in the test setup shown in Figure 3 . Record :
| B description of test instrumentation. ,{
El (2) Ade§ﬁ the.breathing machine (Scott P/N 228501 -
j to obtain a pgak flow of. 257 lpm NTPD at approxi- 31
i mately 34 cycles/minute. i}
_.3jnn_ _(3) oOpen the‘cylinéer valve and start the breathing %‘
[; ﬁachine. Coﬁtinue to operate the breathing i

?" [ mach}ﬁe until Ehe cylinder éreséureIQrops to f
E R 7100'psig. During this.time, record thev -%
i - following: | §4

% (a) Continuéuély record inhalation and exhalation ?
| mésk pressures. -é
i {b) Ccﬂtinﬁbuslf recofd mésk £low fateé,  'L

" (¢) “Bach nginutes,-mdnitor cylinder pfessure ;_
and record. | | {
;. f  "_. fw  _ © (d) Total time from Start:of'téét ﬁnfil.gyiinder . 11
reaches 1100 psig. o P
. (4) Record ﬁhe;pré§$u£e ét.théh.the.low §reséﬁre: ) i 1

:  1 ~alarm actuatés_using £hegproce§urevof Péra. 4.25., i ;

Ti - -
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‘(5) Recharge the cylinder to 40600 psig,
Increase the speed of the breathing machine to
cbtain a peak flow at 476 lpm NTPD. Repeat
Step 3 above.
tﬁ) Record the peak mask pressures obtained during
the inhalation and exhalation portion§ of the
breathing cycle.
4.2 - RespongéArime
| This charactéristic is verified during the flow
requirements'teSt (Para. 4.1.4, Step’ 2) since the
f;gw’test was performea dynamically.
4.3 :P_g;&}e Capa‘b_iiiﬁy -
4.3.1 igynamic Purge Capability
5(1). Iqstall the FBS with a fully—éhaﬁged cylinder
_%_ . inléhe test. setup shown.in;FigureJB. Record =
| description bf.test instruménéatibn
'(2) Adjust ‘the breathlng machine (Scott P/N 22850)
to obtaln a peak f%ow of 257 lpm NTPD at
| | approxlmately 34 cycles/hlnute., 
l:_(3) :Open the cyllnder valve and fully open the purge

valve, and start the breathlng machlne.?"
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1 Page 17

Continue to operate the breathing machine until

the cylinder pressure drops to 100 psig.

During this time, record the following: .

(a)

(b)

(c)

(a)

Continuously record inhalation and

~exhalation mask pressures.

Continuously record mask flow rates.

Each 5 minutes, monitor cylinder pressure
and record.

Totai time from start of test until

cylinder reaches 100 psig.

Record the pressure at which the low pressure

alarm actuates using the procedure of Para. 4.22.

Increase the speed of the-breathing machine to

obtain a peak flow of 476 lpm NTPD. Repeat

Step 3 above.

Static‘P&rge Capability

(1)
(2)

(3)

(4)
(5)

Install the FBS in the test setup shown in Fig. 5.

Open the cylinder valve supplying 4000 psig to

the system and fully open the purge valve.

Draw flow through thé flowmeter until the water

column shows zero pressure.

Record the resulting flow onﬁthe data sheet.

Repeat the above test for inlet pressureé’of

3500, 3000, 250u, 200U, 1500, 1000 800, 500 and

100 psig.
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Proof Pressure

Page 18

(1) Pneumatically pressure test the following

components to the pressures shown:

COMPONENT

PRESSURE (PSIG)

Cylinder valve Assy.
High-pressure hose

Pregssure reducer
(high-pressure section)}

Presgsure reducer
(low pressure section)

R

Low-pressure hose

Breathing Regulator

6750

6750

6750
187.5

187.5

1 187.5

o
e

(2) Following this exposure, assemble the

components and subject to the #est outlined

in Pard. 4.15.1.

£
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j4a5 Burst Pressure

(1} Hydrostatically‘pressure test the following

components to the pressures shown:

COMPONENT PRESSURE (PSIG)
Cylinder Valve Assy. - 11, 250 .
High-pressure hose - 11,250, - ;
|

Pressure reducer 11,250
(high-pressure side) v

?ressure reducer* - 312.5 .
{low-pressure side)

Low-pressure hose 1 312.5

Breathing Regulator 312.5.

(2) While pressurizea; observe the éomponents
for signs of rupture“or leakage. ‘None is
allowed. | |

*Relief valve to be blocked closed during this test.

4.6 . - . System Weight

‘Weigh each component separately and also obtain a

total FBé'weight with and without cylinder.

i
'

3

|

»
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Donning/Doffing - Demonstration Test

After a suitable training period, a subject wearing

a turnout coat will be timed during the donning

" and doffing procedures to obtain the average for

five (5) complete cycles. Donning time, which will

include the facemask, will not exceed 15 seconds

and doffing time will not exceed 3 seconds. Record

results in test log.

Startup - Demonstration Test

Verify that a user wearing a turnout coat may
perform the following steps in startup of the FBS

and do so unassisted:

(1) Don the FBS being sure to check for proper

mask fit.

- {2) Oﬁen cylinder valve.

{(3) Breathe unit to determine proper operation.
(4) Close cylinder valve and breathe: unit down

until low pressure alarm sounds.

-

(5) Again open cylinder valve. Unit is ready for
operation.

Record results in test log.

4%
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Orientation - Demonstration_gest

Verify that a user can obtain satisfactory flow

" for each of the six (6) different orientations

shown in Figure 4. Record results in test lqﬁf

Controls - Demonstration Test
Verify that all controls are accessible to the
wearexr wearing a turnout ¢oat and are arranged %o

minimize the possibility of inadvertent actuation.

Record results in test log.

Pressure Vessel Replacement — Demonstration Test

Record the time of pressure vessel replacement for

the fbllowing condiﬁions;

(1j. Remove.large cylinder:'replace with large -
cyiinder.;

(2} Remove large cylinder; reélgge with small

cylinder;

(3)  Remove small cylinder; replace‘with small

cylinder;
(4) Remo&e simall cylindexr; replace with large

cylinder.
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~~The above will be performed by a subject previously

: trﬁined to perform the task. Record results in

m——i

the test log.

e i @ES S ADE S

4.12 overpressurization Protection

ciay

(1) Place the overpressurization protection

; . 1_ ..‘ - | -

! ‘ pressurize.

device in a test adapter in preparation to

——
\

(2) 1Immerse the device in a glycerine-water
| _bath and raise the temperature of the bath
to 220°F. Hold for a minimum of ten (10)

minutes.
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Raise the pressure to the device to 3800 psig
and hold for 30 seconds minimum. ' ”
Th;reafter increase the pressure at a rate
less than 100 psig per minute uﬁtil the

frangible disc bursts. Record this pressure.

4.13 System Leakage

(1)

(2)

With the cylinder of the FBS charged to 4000

‘psig, open-the cylinder vzive allowing the

system to pressurize.

Using Leak-Tek or an egquivalent leakaée

~ indicator, check each component oﬁ the FBS

forileakage. No leékaée is allowed,

4.14 Pressure Gage Accuracy

(1)

O Y - RO, - —

Install the pressure gage in a test block' and

‘connect to a test s%tup with a calibrated

pressuré gage and a regulated'high—préssure

air source.

.
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(2) Slowly increase pressure in the tést system
stopg}ng at each of the major divisions of the
FBS égge and recording the CGrresPondingv
pressure iimdicated on the calibrated gage.

(3) ;A fter readlng all divisions in 1nﬂrea51ng
:ogder,'siowly decrease the pressure and again )
rééoéd the corresponding pressures in‘decregsing

order.

'dperating Environments:

All éperating environments tested will be performed

with the cylinder charged to 2000 and 800 psig.

Static Flow Test

This test will be performed as required before,

during and/or after exposure to:each @f the operating _ P

{1) Install tﬁe FBS in the test setup shown in

Flgure 5, and adjust regulated air supply to 2000 psmg.
(2)' Open the cyllnder valve and start up the FBS “
(3) Slowly opengneedle valve (1) until thé flow

from the facepiece is 5 LPM NTPD, shown on

0
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flowmeter (2). Record the resulting mask

pressure shown on' the water column.
Repeat Step 3 to obtain the pressures resulting

from facepiece;flows of 125 and 300 LPM, NTPD,

S

and the flow for a facemask ptessure of -2.0

inches of water.

Vent the inlet -pressure to 800 psig and repeat

Steps:§w§ﬁh 4 above.

(1)

(2)

4.15.2 Low Temperature Operation (Ref. MIL-STD-810B,

Method 502, Procedure I)
Subject the FBS to the static flow test of

Para. 4.15.1.

Place the ¥BS in an environmental temperature

chanber and subject to the low temperatufe

peét as follows:

'(a) Lower the chamber temperature to -600?
+ 597 for a“pe;iod of four (4) hours

minimum,' g

(b} visuaily inspecf the unit while it is ’

still at‘lqutempetature.
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4.15.3

(c)

(d)

(e)

L, P age 2 6

Expose the FBS to an additionai 8 hours
minimum ét -60°F + 5OF.

Remove the FBS from the chamber and subject
to the test of Para. 4.15.1 while still

at low temperatures.

After its return to ambient temperature,

.again visually inspect the FBS and

subject to the test of Para. 4.15.1.

High Temperature Operation (Ref. MIL—STD-SIOﬁ,

{1)

(2)

‘Method 501, Procedure II)

The data from the static flow test following

low temperatur? operatlon will also be used

as pre—hzgh ?ﬂmperature operatlon baseline data.

Place the FBS in an en@iianmental chamber and

(a)

(b)

¥ [( e .

- subject to the high temperature test as followss

Raise the temperature of the chamber to
120°F + 5°F and hold for 6 hours minimum.
Raise tﬁé-temperature of.the'cnamber to

154°F + 59F wzthln a tlme perlod cf one (1)

hour and then hold for an addltlonal four (4)

- .hours.
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4.15.4 Relative Humidity (Ref. MIL-STD-810B, Method 507,

{c)

(d)

(e)

(£)

.'.. (g)

" hours minimum.
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.. Lower the internal chamber temperature to

"1200F + 5CF within a time period of one (1)

hour.

Repeat Steps (a) through (c) two additional
times making a total of three X2Z-hour cycles.
Adjust the temperature of the chamber to

200°F + 5°F and hold for a period of 8

Remove the FBS from the chaﬁber and subject‘
to'the.static flow test of Para. 4.15.1.
After its return to ambieﬁt temperature, w R
again visually inspect the FBS and subject

to the test of Para. 4;15.1;

(1)
{2)

(3)

“(4)

Place the FBS in'amteﬁpératuré—Hﬁmidity_chamber.
Dry the FBS atvllooF'i S?F for a pgriod.of 2
ho'u'r's %ia.mmum -

Condition theAFBSAgtA7?°F + SOF and-SO‘percent
relaﬁive'humidity for 24 hours. - ' 8
“Remove theﬁFBSAfromﬁﬁhelcﬁamber and sdbject to

the static'flowitest of -Para. 4.15.1.

_ Procedure 1IV)
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~Place the FBS back into the test chamber and

subject it to five 24-hour cycles in accordance
with Figure 12. A 24-hour cycle consists of
16 hours at 140°F + S5°F and épproximateiy 8
hours at 86°F + 5°F including transifion times.
A relative humidity sPall be maintained at

95 pe;&ent or greater ét both temperatures.
Each transition time shall be not greater

than 1:5 hours. The relative humidity during
eaéh traﬁéition-nged not be cdntrdlied.

After coqpletionvof the f£ifth cyéle with the
FBS in the chamber and the chamber at 86°F

+ 5OF and a relative humidity of 95 percent
minimum, remove the'éBS from the‘chamber and

subject to the static flow test of Para. 4.15.1.

o
Condition the FBS at 77 F i,SOF-andm50.i“5 percent

relative humidity for not less than }ﬁ§hours

nor more than 24 hours.

B o
e

while at 77°F + 5°F and 50 percent relative

humidity, remove the FBS from the chamber and

_sdbjeét to the static flow test of Para. 4.15.1.

 Visua11y inspect the FBS.

o

!
!
|




according to MIL-STD-810B, Method 509, :

Procedure I.
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i I ‘ g \ .3
3 L 4.6 Non-Operating Environments :
| I 4.16.1  Salt Fog ; 1
} I - (1) Charge the cylinder to 4000 psig and subject :
? the FBS to the static flow test of Para. 4.15.1. é
I (2) Expose the FBS to a salt fog environment f

(3) After the 48 hour drying period, again subject !
]' the FBS to the static flow test of Para. 4.15.1. :
' Also note any visuﬁﬁ"defects such as corrosion q

it

; rbéulting from theiexposure to salt fog.

—_—

PR S SuCRe WYY ER LRSS

(1) éﬁarge the cylinder to 4000 psig and subject

{" o - :‘ " the FBS Eq_thé sfétic:flow test of Para. 4}15.lf
i__ L ...(2)__Exposg:the.FBS ;o a dgst_enyi;opment agcq;diné' L.ﬁ
| tolMiL?STb-BlOﬁ,_Methéd SiO.‘ﬁroéédufé r. '“igf”
. . - (3) Return ﬁhe“fBS ﬁo.-scott'frém the vendor-

facility at which'dﬁst éxpoéure was pérformed

= éndiéubject to the static flow tést'of.Para. 4;15.1.:"'{
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”'éyStem’Eg&elbpe ~ Demonstration Test

Page 30 ‘
Impact Shock
- CAUTION: This is a hazardous test
and should be performed ih an area
properly equipped for high pressure
and explosive test ;rticles by properly
ﬁrained personnel,
(1) Chaége‘the FBS to 4000 psig and subject to the ;
static flow test of Para. 4.15.1. é
(2) Recharge the cylinder to 4000 psig and drop g‘
the_FBS from.a height of‘six (6) feet_onéo-a. %
flat_rigid surface once on each of six (6)
diffetenﬁ points’(Figure 11) for a total of
six (6) drops. Viéﬁally inspectrthe unit after é
ééch drop;. | | é
(3) Following drop testing; inépect the unit“and'» £
note‘any damage,. ) .. %
3

| tﬁé'fbllowing:

- (2) Coxnexs and edges are rounded.’

Don the FBS while wéaring‘a turnbut coat to verify

(1) The unit is as closely conformal to the wearer

'”as'possiblé.5:5
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(3) Protrusions are minimized.

These characteristics are necessary to reduce the
possibility of snagging.- Record results in test

log'o

Comfort - Demonstration Test

Don the FBS while wearing a turnout coa%jéhd wear
" for a périod spent performing liéht work or resting.
During and at the end of the_period, :écord reactions,
such as possible skin irritation, soreness or bruises,;
:reSuiting from pressure points or abrasion. Repeat

with two additional subjects (total of 3). Record'

results in test 1og; ' . ' e
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Useful Life

High-Pressure Hose to Cylinder Valve Connector

" Place a cylinder and connector in a cycling machine

“and connect and disconnect a total of S,QOO cycles.

Stop each 500 cycles to pressurize internally to

4000 psig and check for external leakage.

Low-Pressure Hose to Pressure Reducer Disconnect

Connect and disconnect manually the low¥pressure_
‘hose to pressure reducer disconnect a total of
1,000 times. At the 500 and 1,000 cycle points,
pressurize internally ‘“to 125 psig and check‘ﬁhe

disconnect for external leakage.

BreathinévRegulator to Facemask Connection

. Mount the facemask to a dummy head, leak check in

the manner later described, and remove and replace

the breathing regulator from it a total of ‘5,000

L e

times. Eadh SOQ'cycles leak check as follows:

Outward Leakage: - . f

(1) Mount the mask/regulator assembly to a

'  -dummyfhead and aéply Eapé to the face

A Y N

S s o g T s
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seal ﬁésuring'that any leakage will

i

}
i

i

result from the mask/regulator éeal.
Also tape close the exhalation valve.

(2) 1Install this in the setup shown in Figure 2
and then pressurize the mésk intefnally

to thr%e (3) inches of water. Record

- S

the flow shown on the flowmeter.

- Inward Leakage:

(1) With the mask/regulator assembly still
mounted to thé dummy head, install in
the test setup Shownfin Figure 1.

(2) Draw a negative pressure of -3.0 inches

of water and record the leakage flow.

4.19.4 Cylinder Mounting in Backpack

:
Mount the backpack vertically and remove and replace
the cyllnderﬁgjﬁftél of 5,000 times. Following

==

completion, inspect for evidence of damage.
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. ional Cveli

(2)

(3)

(4)

(5)

Install the gas controls of the FBS in the
teét setup shown in Figure 6.

Open solenoid (1) applving 4,000 psig upstream
of the cylinder valve. '

Close solenoid (1) and mechanically open the
cylinder valve allowing the system to be
pressurized.

Open solenoid (2) and set neeale valve (1) to
allow a flow of: 150 lpm NTPD. Close soleﬂoid {2).
This section simulates inhalatiggg;

Open solenoid (3} and set needle valve 62)

to allow a flow 05:150 lpm NTPD to exercise
the exhalation valve of the breathing ?egulatdr.
Close solenoid (3). This segtion:simuiates

o

exhalation. Y
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Set timer to alternately opeé-and close
;olenoids (2) andA(B) at a rate of 20 éycles
per minute. . .

Allow solencids (2) and (3)4£o cycle open and
closed until pressure in the supply volume
reaches approximately 500 psig. This should
happen after approximately 12 solenoid (2)
ané (3) cycles and causes the low pressu&e
barning to function.

Mechanically close the cylinder valvé.

Repeat the above test a total of 5,000 times,
stopping each 500 cycles to check for:

(a) Static flowcéharacterfgtics pér Para. 4.14.1;

- {b) Exhalation valve flow charactéristics:

(c) External leakage all fittings and connections;
(d) Low pressure alarm function.
Any maintenance required during this series

should be recorded.
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Purge Valve

Apply 125 psig to the inlet of the breathing
regulator and manually open and close the purge

valve a total of 5,000 times, stopping each 500

cycles to check for:

(aj Leakage around the ?xternal portions of the
puﬁge §alve;” h | -

(b) Leak&ge around the seat of the purge valve
when it ig in the closed position.

i

Pressure Vessel Mounting - Demonstration Test

This requirement shall be considered satisfied by

‘the successful.completion of Para. 4.12, Pressure

Vessel Replacement.

Leakage (Cylinder Valve/Cylinder Asseﬁbly)

{1) Cha;gg'alcylinder and vaI&e asSembly‘tp 4000
psig and immerse in a water bath (Figure 7).

(2) Collecf the‘éas emitted from the assembly

. ) . . . ’ ;,;.\ )
over a 24-hour period. This apount.cﬁnnot
it :f“:d;

ety

A
R el

exceed a“xzate of 0.5 scc/hour.

" ’
B A e gy sy et e
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Actuation (Dep%etion Warning ﬁ;éife)

r(l) Chargé the cylinder of the F%S to 950 psig.

(2) With an accurate preséﬁre gage installed
between the cylinder valve:and the high pressure
hand disconnect, slowly breath the unit down
to the point at which the depletion warning
device actuates. “

{(3) Recorxrd this pressure.

Signal Frequency and Intensity

With the cylinder pressure of the Fﬁé below the

actuation pressure for the depletion warning device,

L -

perform the following test. Install the FBS in the

test series, measure the level of the background

noise.

Adjust therpurgelvalﬁe to obtain é\peak reading

Sy L
on the sound intensity meter and receoxrd this®

ﬁzntensigy and the signalvfggquency'Shown on the

£

oscilloscope.
ﬁ KN

i

V.7
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4.24 Inwaxrd Leakage (Facemask)

NOTE: Appearing in Appendix B of this procedure

(1)

(2)

{3)

is a report titled "Analysis of Utili%gtion
of Helium Leak Detector.to‘Measure Facé?ii
Mask Leakage". This report givesuﬁétailedﬁ
iqggf%ation as'gb_dérivation of methods
and techniques %?eé:to.determine inward

leakage.
Calibrate the helium leak detector using a

16 PPM concentratiop of helium in air.

Place rhe facemask/breathing regulator assembly

- on a user and comﬂlete.the setup shown in

fu

Figure 9.

Evacuate the plgstic baQ by squeezing of;iy'

P

vacuum and then flood with a gaS?ﬁifiuge of

9 parts air and 1 part h%ﬁ&um by wvolume.
: ‘/ )

4

/'7 o T

b

[




ER-1027 ” Page 39

,
.
<

(4) After a short period to allow the system to

ol

reach edquilibrium, measure the inward leakage

shown on the leak. detector ' which is sampling

¢ bt

the“subject”s exhaled gases and convert to a

raﬁe in scc/min. This réte cannot exceed |

’ -

’ ?' 1.5 scc/min. .
(5) The above tes£ should be repeated once each

on a paﬁei of siktéen (16) subjects selected .

_{, , {j o by the facial characteristics of face length ‘v -il

é, ; 1 o o : énd width according Fo methoés derived from: - ;

ﬁ‘» Lo B %, ) . . . |
4 - - ‘\{ . -
H . . e :

. . - ) . -l

. (a) "“LASL Reépirator*Test Panel Repﬁeseﬁtative f
d. -  '» | J | “of U. S. Male Facial Sizes" dated 1972, _ ;
| conducted by Los Alémog SCientific:Labotaﬁory; | .g'
_Hyaﬁt, Hack, Mpqre:& Richa;ds. _ _ | ) _ ;
Qb} "Anthropoﬁétry for Réspirator_sizihgf
'i7 iﬁ‘_ o 'f' ' - *'FinalRéport:gp;il 320, 1972, Webb AséOciaﬁeS.
-‘i: “q.- | ' | J;é T fYElldw.Sprih§s. dh155 '
o . ' MeConville, Churchill & Laubach
A i DT T e A 1967 USAF Facial -Di;fnensi_onﬁ-studi’;
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Fe

Outward Leﬁkgge (Facemask)‘

(1)

(2)

(3)

(@)

Place a facemask, which has been modified to

provide a tube for the subject to inhale and

exhale through, along with a pair of nose

pinchers, on a subject (Figure 10).
‘Slowly increase the internal mask pressure

'tq 3.0 inches of water.

Note and recérd the amount of gas flowing into

the mask shown on the flowmeter. “This amount

" should not exceed 200 scc/min.

Repeat the above test for each of the sixteen

(16) subjects. used to determine inward mask

. leakage in Para. 4.22.

)
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Visor Fogging - Demonstration Test

Place the FBS on a subject and start up in the
normal manner. Have:the subject enter a chamber
which is at -20 + 5°F and remain inside until the
cylinder is depleted. During the test period,
alternate l-minute periods of exerciéé and rést |
are-reqﬁired with the exercise pericd consisting_
df stepping onto and off a box 8.5 inches high at

a rate of 30 cycles per minute. Note any mask

fogging that takes place. Record results in test log.

Mask Weight

Weigh the facemask and breathing regulator assembly
{without low~preséﬁie hose). This weight must not

exceed 1.25 pounds.
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Appendix A - B :
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i

DATA SHEET # 1 | Sy

,,L_,

B/N
S/N . _ R
Date | | Vi

Temperature 1 Barometric Pressure ¢

L ———— Vr——ly

TEST: FLOW REQUIREMENTS

‘Paragraph: _ 4.1

‘;‘_v.l

4.1.1 INHALATION INITIATION : ' " h

Parameter Required Actual

>

Step (3) Leakage . 10 sce/min. max.

Step (4) Flow Initiation ® | =0.1 to -0.5
4000 psig inlet inches water

Syl Rnmr BN i e

Step {(5) Flow Initiation @ ~0.1 to ~0.5
o 1000 psig inlet | inches water

" step (5) Flow Initiation @ E'~~~0.,1 to =0.5 P _ ' é
570 psig inlet 1 inches water - 3

Test gguipment: | . , : 2 S T

*

\
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ER%;OZZ : o Page 2 of _4_ ;
Appendix A . :
4.1.2 INHALATION FLOW AT INTERMEDIATE AND. MAXIMUM SPECIFIED
NEGATIVE PRESSURE :
' ”Resulting Flow ?
Parameter : LPM, NTED _ - :
Step (3) Flow @ ~-2.0 inches f
water 4000 psig inlet ;
Step (4) Flow @ -2.0 inches f
water 1000 psig inlet 4
Step (4) Flow @ -2.0 inches i
water 570 psig inlet 4
‘ _ 1
Step (4) Flow @ -2.0 inches R
water 100 psig inlet %
Y 3
‘Step (5) Flow @ -1.25 inches - E
water 4500 psig inlet I
Step (5) Flow @ -1.25 inches B _ %
water 1000 psig inlet P 3
B N ‘ ] . . . . i \“‘\ . B E .
Step (5) Flow @ -17g5 inches . | N ;
water 570 jpsig inlet S \ -
SN S
Step (5) Flow @ -1.25 inches
:  wiater 100 psig inlet {
I f
Test Eqnipmeﬁt:
i 9
va




S—— prowney

‘Test Equipment:

ER-1027 ¢ . - | | Page _3

Appendix A

[

4.1.3 EXHALATION INITIATION & STATIC FLOW

of

Parameter : Required

Actual

0.1 to 0.5

Step (3) Exhalation Initiation
’ - - : inches water

‘Step (4) Exhalation Flow @ . 257 LPM NTPD
+2.0 inches water minimum
mask pressure

Step (4) Exhalation Flow @ 476 LPM NTPD
"~ 44,0 inches water minimum
mask pressure

S

/,-;‘.—Z-.*‘ ’

B

¢ i DR s

PV NN
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1 I ‘ER-1027 Page _4 of _4
% Appendix A ‘
-
- ] - . |
] 4.1.4 DYNAMIC FI(W REQUIREMENTS
T '
. i
B ’f - . y
{_ gérameter Required Actual
[“ Step (3) Peak Inhalation ~1.25 inches
G Pressure Water Max.
[§ Step (3) Peak Exhalation +2.0 Inches’
‘ . Pressure ‘ Water Max.
; [f. Step (3) Low Pressure Alarm 880 to 830
i Actuation Pressure ' PSIG
,‘( o : S . : o
"'[; Step (3) Total Time from N/A
b High to Low Cylin-
} der Pressure '
g Step (4) Peak Inhalation ~2.0 inches
§ * Pressure ' Water Max.
X Step (4) Peak Exhalation +4.,0 inches
f ' Pressure )  Water Max.
. Step (4) Low Pressure Alarm | 880 to 830
] Actuation Pressure PSIG
Step (4) Total Time from ‘N/A
5 : High to Low Cylin- :
der Pressure
Test Equipment:
Tested by:

y

Pttt

Verified by:

s
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Appendix A

DATA SHEET # 2

Page 1 of 2

P/N
S/N
Date |
Temperature Barometric Pressure
TEST: DYNAMIC PURGE CAPABILITY
paragraph: 4.3.1 _ - ° -
Parameter Required Actual
Step (3) Peak Inhalation ~1.25 inches )
Pressure Water Max. .
Step (3) Peak Exhalation +2.0 Inches R
Fressure " Water Max. :
Step (3) Low Pressure Alarm 880 to 830 e
Actuation Pressure PSIG RS
Step (3) Total Time from - N/A }
High to Low Cylin- _§
der Pressure N 4
.| step (4) P=ak Inhalation -2.0 inches 'g

Step
Step

Step

Pressure

{4) Peak Exhalatiohsw'
Pressure

(4) low Pressure Alarm

Actuation Pressure

{4) Total Time from
©_ High to Low Cylin-~

.+ der Pressure

Water Max.

- +4.0 inches’

Water Max.

880 to 830

PSIG

- N/A

e

Test

Equipment:u

‘o
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ER-1027
Appendix A

BN
S/N '
Date '
Temperajure

TEST : STATIC PURGE CAPABILITY

Barometric Pressure

Page 2 ER ':.“of

- DATA SHEET # 2 (continued)

Paragraphé 4.3.2

R jed G SRS S W e

REQUIRED

PARAMETER -

—— e——y

v

Step_(S)fFiow at 4000 psig
cylinder pressure
_t . 3500
b . 3000 . ) S
R 2000 s S
- 1500
SRR | B 1000
800
500
100

111.2 LPM NTPD

ACTUAL

N S - - o Tested by:

&\_[ i : : : VYerified hvs

e S T NN :

BNy




ER-~1027 Page _1 of 1

Appendix A

DATA SHEET # 3

P/R
- -8/N

Date

Temperature _

Barcnmetric Pressure

PROOF PRESSURE

"TEST:

Paragraph: 4.4

. ' PRESSURE POST TEST
CO¥P°NENT (PSIG) INSPECTION
Cylinder & Valve Assy. 6750
By - High-pressure Hose 6750
Pressure Reducer (high- -
pressure section) 6750 -
ki “Pressure Reducer (low- e
: i - pressure section 187.5
; . ‘Low-pressure Hose 187.5
: ) Breathing Regulator 1 187.5
l" . STATIC FLOW CHECK
- 2000 2SIG INLET 800 PSIG INLET ~
S | MASK -FLOW MAEBK PRESSURE MASK FLOW fMASK_PRESSURE '
LPM, NTPD | INCHES OF WATER LPM, NTPD | INCHES OF WATER
5 3 _ R 5 g _
125 . 125 @
. =1.25 -1.25
200 300 i .
=0 ~2.0
v Test Equipment : o -
: ‘-“' : ‘ . = 2
'i | Tested by:
}i“‘t_ Verified by:
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ER-1027
Appendix A

Page _1 of

DATA SHEET # 4

P/N
S/N
Date
Temperature Barometric Pressure
TEST: BURST PRESSURE
Paragraph: 4.5
PRESSURE POST TEST -
COMPONENT (P51G) . INSPECTION
Cylinder & Valve 11,250
Assy. '
High-Pressure Hose 11,250
Pressure Reducer 11,250
{high-pressure
section)
‘Pressuré Reducer 312.5
(low-pressure
section)
Low-Pressure Hose 312.5 ”
Breathing Regulator’ 312.5%5 )

Test Equipment:

. Tested by:s

Sl
i
ot

ari Fiand hwe

- —

s M Rl mnid dated i hede

R i st

T R ST
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4,:

Page 1 of

DATA SHEET # 5

. T

S/N

i‘* B/N

. Date

Temperature

w7

PEST:

SYSTEM WEIGHT

Barometric Pressure

Paragraph:

4.6

w

A

COMPONENT

Valve Assy. including Lock

Ring and Seal

High-Pressure Hose
Pressure Reducer

low-Pressure Hose

BreatKing Regulator
. -Face Mask

“Back Pack & Frame -

(pounds)

4.?"\{\ .
VA ) 3

SN '
TOTAL FBS WEIGHT:

- Test Eq%}pment:

-Pested by:

“

3

. 1bs.
(10 1b. maximum) -
(not including cylinders)

WTnri Friarl Tara

e T gy

AL

T e B v e T e
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Appendix A

DATA SHEET # 6

Page 1 of 1

P/N
s/N
Date
Temperature ' Barometric Pressure
TEST: _____ OVERPRESSURIZATION PROTECTION _
Paragraph: 4.12
PARAMETER, . REQUIRED 'ACTUAL

Stepi(é) Burst Pressure

4500- '
Frangible Disc 3 5000 PsIG,

Test Equipment:

1

Tested by:

WYeari FiaAd hoee

A Mg By et Ta T e e Ly

ks

LN SR NN Y RN
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Appendix A

B DATA SHEET # 7

P/N
S/N __
‘Date

Temperature

Barometiis Pressure.

TEST: SYSTEM LEAKAGE

| Page

1 of 1

Paragraph:. 4.13

'Parameter Required

Actual

No leakage

Step (2) System Leakage

i

H

.

_Tested by:

l' o o © Verified by: ______

ke
™
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Appendix A

P/N

TTe-DATA SHEET # 8

S/N

Date

Temperature

TEST:

Barometric Pressure

Page

1 of 1

Paragraph:

PRESSURE GAGE ACCURACY

4.14

Increasing Pressure:

B o 18 A Y L] 3 el

;Test Equipment:

Gage Reading Required Actual
10 x 100 psig 1000 + 225 psig
20 x 100 psig 2000 + 225 psig
30 x 100 psig 3000 + 225 psig 7
full : 4000 + 225 psig ’
45 x 100 paig 4500 + 225 psig B
Decréasing_Pressure: =
r [ _
Gage Reading Reqguired -Actual
10 x 100 psig 1000 + 225 psig
20 x 100 psig - 2000 + 225 psig
30 x 100 psig - ..3000 + 225 psig
- fall 4000 + 225 psig
45 x 100 psig 4500 + 225 psig
Vs
‘-);__-’—'«' .‘-“'—9 .l | | | j///_;
 Tested by: = '1/
' I

Verified Buwrs.

AR
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Appendix A

DATA SHEET # 9

P/N
s/N
Date

i- ER-1027 | . Page 1 of 2‘“_'

; s :
_i Temperature : N " ‘Barometric Pressure

TEST: /___LOW TEMPERATURE OPERATION

'g Paragraph: _ 4.15,2

Chamkber Data:

Step 2a; -60 + 5°F 4 hours minimum

. _ Date | Time in Temp.
: i Date Time out _ Temp.

Step 2b " visual Inspection: T

Remarks:

cL . !'-‘ .

:7‘15 T - O s it
A '1 ‘ Step 2c -60 + 5 F 8 hours minimum

Date.s Time in ' Temp.
Date oo Time out e Temp.

B -l

St<=p 2d ~ See data, Page 2.

Step 2e  See data, Page 2.

i
s
LA

. ey e
i ¥ K o

O
e
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Appendix A

Page 2 of 2

Data Sheet #9 (continued)

PRE-TEST STATIC FLOW CHECK:

Déte

aoo PSIG INLFT "

2000 PSIG INLET
MASK FLOW | MASK PRESSURE
| LPM, NTPD | INCHES OF WATER
5 .

125mm
il -1.25

300

-2.0

' MASK FLOW-| MASK PRESSURE
[_LPM, NTPD | INCHES OF WATER
T _ ,
125 —
‘ ~1.25
300 | |
=2.0

LOW TEMPERATURE STATIC FLOW CHECK Date

800 PSIG INLET

2000 psIG INLET .
MASK FIOW | MASK PRESSURE .
LEM, NTPD | INCHES :OF WATER .
g S :
125
-1.25
300
-2.0

MASK FLOW MASK PRESSURE
LPM, NTED ) INCHES OF WATER
5 - _ -
125 .
| _=1.25
300 -

POST LOW TEMPERATURE STATIC FLOW CHECK, Date

-2.0

800 PSIG. INLET

: MASK FLOW

MASK PRE SSURE

LPM, NTPD

_INCHES OF WATER

CRPLEST R s s N . . .
el L T ER I WP N

Test Equipment:

20G0 PSTG INLET
MASK FLOW | MASK PRESSURE"
LPM, NTPD INCHES OF WATER
. Is .
125
- -1.25
300 : .
5 _27.°Q7 »

Visual Inspection:

 Tested by:

5
125 _ "
‘ -1.25
300 -
_ 5o
Ry
g

G g i

s et e

-~
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ER-1027
Appendix A

P/N

5/N

Date

Température

1

DATA SHEET # 10

Barometric Pressure

Paragraph: 4.15.3

Chamber Data:

% 3OF

TEST: _ HIGH TEMPERATURE QOPERATION

_6 hours minimum

Step 2a 120

. Date

Date

Step 2b 154

+ 59F

Time in
Time out _

_4 hours minimum

Date

# Date

Time in
Time out

Step Zd.w }»120

Dats

+ 5°F

Date

_6 hours minimum

Time in
Time out

154

Date

Date

+ 5%F ¢

4 hours minimum

Time in _
Time out

120

Date

+ 5COF

Date

154

- Time out . __

Temp.
Temp.

Temp.
Temp.

Temp.

Temp.

'Tetnps )
- Temp.

- 6 hours minimum

Time in

Date

Date

+ 5OF

Time out

Time in-

Y]

Temp. .
- Temp.

6 hours minimum -

‘Temp.
Temp.

R mide PP . T N

L
*
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ER-1027

Appendix A

Step. 2e 200 + 59F 8 hours minimum
Date Time in Temp.
Date Time out Tenp .
Test Equipment: .

PRE TEST STATIC FLOW CHECK, Date

2000 PSIG INLvT 800 PSIC INLET
MASK FLOW MASK PRESSURE MASK FLOW MASK PRESSURE
ILPM, NTPD | INCHES OF WATER _LPM, NTPD | INCHES OF WATER
= LN > OF WATER = > OF _
125 125 :
-1.25 | ) -1.25
300 - 300 i - '
-2.0 -2.0

HIGH TEMPERATURE STATIC FLOW CHECK: Date

2000 PSIG INLET 800 PSIG IWLET
MASK FLOW | MASK PRESSURE MASK‘FLOW- MASK PRESSURE
_LPM, NDPD | INCHES OF WATER LPM, NTPD | TNCHES OF WATER
125 . 125 N
| -1.25 _ ~1.25
300 300
-2.0 -2.0

POST HIGH TEMPERATURE STATIC

FLOW CHECK; Date

 POST TEST INSPECTION:

Tested by:

~ verified by:

2060 PSIG INLET , 800 PSIG INLET
MASK FLOW | MASK PRESSURE MASK FLOW | MASK PRESSURE . |
_LEM, NTPD | INCHES OF WATER LPM, . NTPD | INCHES OF WATER
5 - 5
125 L 125
_-1.25 . -1.25
300" ' ) 300 . -
-2.0 : -2.0

[T

ey A s _E AL b i, b 2

Az e Kas

. | R s Tt
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Appendix A

P/N

S/N

Date

Temperature

Page

DATA SHEET # 11

’
ﬁ
i
o

Barometric Predsure

l of 2

TEST: RELATIVE HUMIDITY

Paragraph:  4.15.4

Chamber Datas

Step 2

2 hours minimum

Date
Date

Step 3

110 _+ 59F

ey

AL
At

Time in 7 Temp.

Time out 3 : Temp.

-

Date
Date

Step 3

77 _+ 5°F

Cvcle

Date
Date

Step 7

77 + 5°F

50% R. H. 24 hours

Time in - “Pemp.

Time out ‘ " fPemp.

e

Time in
~Time out __ -

Date
Date

50% R. H. 12 hours

Time in
Time out

e

N TR

e

. w .
i TTOPL NP

A iy WS e o B e e
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ER~1027

Appendix A

Page 2 of 2

PRE-TEST STATIC FLOW CHECK

2000 PSIG INLET 800 PSIG INLET |
MASK FLOW | MASK PRESSURE MASK FLOW | MASK PRESSURE
1 LPM, NTPD | INCHES OF WATER LEM, NTPD | INCHES OF WATER
5 5
125 125
_ -1.25" _ -1.25
300 ' 300 .
_-2.0 -~2.0

RELATIVE HUMIDITY STATIC

FLOW CHECK

2000 PSIG INLET . 800 PSIG INLET
MASK FLOW | MASK PRESSURE MASK FLOW | MASK PRESSURE
LPM, NTPD | INCHES OF WATER | LPM, KTPD | INCHES OF WATER
5 5 - '
125 125
' ~1.25 , ~1.25
300 300
_=2.0 T -2.0

POST RELATIVE HUMIDITY STATIC FLOW CHECK

"3000 PSIG INLET 800 PSIG INLET
MASK PFPLOW | MASK PREéSURE_‘ _ MASK FLCHW MASK ERESSURE_ o
LPM, NTPD | INCHES OF WATER LLLEPM, NTPD; INCHES OF‘WATER _
5 1 | s | ‘ -
125 125 = |
- ~1.25 o —-1.25
300 — 300 - E
’f‘Test Equipment s ' 'f:
@Y
Visua}-lnspection: {L% ﬁ
rested by: -

_ Verified by: .
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ER-1027 Page 1 of 1 B
Appendix A :
DATA SHEET # 12 f
B/N :
S/N :
Date _ : {
Temperature Barometric Pressure ‘
TEST: SALT FOG -
| L
Paragraph: 4.16.1 5 5
PRE SALT FOG STATIC FLOW CHECK 5 1
2000 PSIG INLET 800 PSIG INLET 7
MASK FLOW | MASK PRESSURE MASK FLOW | MASK PRESSURE P
LEM, NTPD | INCHES OF WATER LPM, NTPD | INCHES OF WATER ;
5 5 | L
125 125 . ;
~1.25 1,25 1
300 | 300 , :
-2.0 -2.0 ; I
== _ 4
]
~ POST SALT FOG STATIC FLOW CHECK i |
3000 PSIG INLET 800 PSIG INLET § ‘
MASK FLOW | MASK PRESSURE MASK FLOW | MASK PRESSURE ; l
LPM, NTPD | INCHES OF WATER LPM, NTPD | INCHES OF WATER C
. _ = : | {
125 | 125 i
-1.25 ~1.25 P
300 o 300 : L
2,0 ~2.0 B
EO
Chamber Data: Date Time in __ s Temp. i
' ’ Date_ Time out _ ‘Temp. -% l
/Humidity % R. H, :
Test Equipment:

Post Test Inspection:

Tested by:

Verified by:
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Appendix A

P/N

DATA SHEET # 13 °

S/N

Date

Temperature

Barometric Pressure

Page 1  of

&EST:

Paragraph:

PRE DUST EXPOSURE STATIC FLOW CHECK

2000 PSIG INLET.

AN

MASK FLOW

MASK PRESSURE

LEM, NTPD | INCHES OF WATER
z _
125
-1.25
) 300
g -2.0

POST DUST EXPOSURE

2000 PSTIG INLET

MASK FLOW

MASK PRESSURE

LPM, NTPD | INCHES OF WATER |}
5 ' . 4
125

a s —1.25
300 ‘
-2.0

Chamber Data & Test Equipment

See data from vendor test lab.

Post Test Inspection:

' Tgsted'by:'

Verified by:

¢ 800 PSIG INLET

MASK FLOW
ILPM, NTPD

MASK PRESSURE

“INCHES OF WATER [

5 -
125
- ~1.25
300 L
oYY 5

STATIC FLOW CHECK

800~PSIG_INLET

MASK.FLOW
LPM, NTFD

MASK PRESSURE

INCHES OF WATER

s A MR B o o

25 ~
: __=1.25
300 e
' -2.0
e
i

. L ‘- s
B T e T JOT L TUD O A
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ER~1027
Appendix A

DATA SHEET # 1

Page 1 of 2

P/N

. 8/N

" Date
Temperature Barometric Pressure
TEST: IMPACT SHOCK

:'Paragraphz 4.16.3

PRE IMPACT SHOCK STATIC FLOW CHECK -

2000_PSTG INLET

MASK TLOW
LEM, NTPD

MASK PRESSURE
INCHES OF WATER

5
125
_ -1.25
300 -
-2.0

800 PSIG INLET
MASK FLOW | MASK PRESSURE
LPM, NTPD | INCHES OF.WATER
5
125 “
- ~-1.25
300 '
' -2.0

POST IMPACT SHOCK STATIC FLOW CHECK

2000 PSIG INLET
MASK FLOW | MASK PRESSURE
LPM, NTPD | INCHES OF WATER
5 o . :
125 ~
f -1.25
300 L
-2.0

Test Equipment:

800 PSIG INLET

MASK FLOW

MASK PRESSURE

LPM, NTPD
5 .

INCHES OF WATER

125

71.25

__300

e e a o e . oan

~-2.0

— —
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ER-1027 . . Page _2 of .2
- Appendix A :

Visual Inspection Requirementss:

]

Shock 1
ShOC}C 2 . . . ',‘-;':{:i!
Shock 3 o . ‘ : : "?T

Shocg 4

oy

Shock 5

Shock 6

e oS T e TR

“ e

B S

Tested by:

Verified bys

4'fus,h;anﬁa‘:a,‘.»e}*all‘m"‘T”‘-‘“‘ e
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ER-1027 ' | ' " page _1_ of

Appendix A

DATA SHEET # 15

P/N
S/N
Date

Temperature ' - Barometric Pressure

TEST: HIGH PRESSURE HOSE TO CYLINDER VALVE CONNECTOR

Paragtaph: 4,19.1

/FOTAL CYCLES | INSPECTION CHARACTERISTICS

500
1000
1500
2000

2500
3000
3500
4000
4500

5000

Test Equipments

. Tested by: -

Verified by:
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ER-1027
Appendix A

DATA SHEET # 16

Sy

B/N
5/N
Date-

Barometyric Pressure

Temperature

TEST: LOW PRESSURE HOSE TO PRESSURE REDUCER DISCONNECT

Paragraph: 4,19.2“

" POTAL CYCLES . LEAKAGE (none allowed)

W,

500

1000

Test BEquipment:

Post-test Inspection:

“Té8€ea by: o

Ve:ified by;

NS b o i e P e
et O Al RN Tt (a2 oy L s s

by
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- 8/N-

. Temperature - Barometric Pressure

of

 ER-1027 © : C Page 1

Appendix A

DRTA SHEET # 17

P/N

Date

TEST : : BREATHING REGULATOR TO FACEMASK CONNECTION

N ez

Paragraph: 4.19.3

LEAKAGE

TOTAL NO. OF CYCLES | Inward Outward

1.5 cc/min max 200 ec/min max

500
1000
1500 | .
2000

2500
3000
3500
4000
4500

5000

Test Equipment:

Post-Test inspection:‘

. gested by: __

© Verified by:

Yy L

S R 0 s T o R e i ke gt
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Appendix A

DATA SHEET # 18

P/N |
S/N __ - B
Date - '

Barometric Pressure

TEST: CYLINDER MOUNTING IN BACKPACKL

Page

1l of 1

Paragraph: 4.19.4

Unit Performance:

Acceptable

Post-Test Inspection:

"7',Tested'by=

Unacceptable -

Verified by:
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ER-1027
Appendix A

Page 1 of

SHEET # 19

DATA

/N

Date
Temperature

TEST: CPERATIONAL . CYCLING

Barometric Pressure

g

Paragraph: 4.$§;5

. INHALATION MASK FLOW

2000 PSIG INLET _
MASK FLOW | MASK PRESSURE -
LPM, NTPD | INCHES OF WATER

Zi.25

-2.0

800 _PSIG INLET

'MASK FLOW | MASK PRESSURE
LPM," NTPD | INCHES OF WATER

3

125

-1.25

300 I

=-2.0

: EXHALATION MASK FLOW MASK PRESSURE
. LPM, NTPD INCHES OF WATER
’; !: . .
Vi B T +2

v +4

a8 &

/

Test_Equipmé@t: -
% " 2
R

S .
DEFLETION ALARM=ACTUATION

LEAKAGE (none aillowed):

L quiested by:

Verified by:

(O




5 .

T
[
'

i
i -

=

shenslal,
N

———y

N e

i

ER-1027
Appendix A
DATA SHEET # 20

P/N
S/N
Date

T;fPage 1 of 1

Temperature Barometric Pressure
N B

TEST: PURGE VALVE _/ T

AT

Paragraph: ‘4.19.6',/;

7

P
[

P

TOTAL CYCLES {(none allowed)

500 |
1000 "
1500
1 2000
2500 ,
3500
4000

4500

5000

Test Equipment:

L)

Post-Test Inspections |
| ’ Tested by:

Verified bv:

Wi
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ER-1027 Sy | . Page _1 of 1

] Appendix A
I . DATA SHEET # 21
P/N ‘ R L
: . S/N - :
: Dateé _ _ ‘ _ :

I Temperature _ : Barometric Pressure .

| TEST: LEAKAGE (CYLINDER VALVE/CYLINDER ASSEMBLY)
: l Paragraph: _ 4.21 L ' | : e
g; Total leakage nuw ) cc/24-hr.

Leékage Rate L ce/br.
i (0.5 cc/hr. maximum)

Test Equipmeﬂtai

: . . . T _ ) -
e & .
:
i - S . R . P L
Ry . . . .

¥ . - 7rested by: | i

P f‘ o . . vVerified by:
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Appendix A : L :

| ) | DATA_SHEET # 22

P/N
S/N
Date _ . =

Temperature o ' Barometric Pressure

TEST: ACTUATION (DEPLETION WARNING DEVICE)

Paragraph: 4.22

s -

Actudtion Pressure i PSIG:
(880 to 830 psig reguired)

—

B T e

Remarks:

_. 5,.
AR L Sl e L

Ty

Test EqQuipment: _ _ : _ o : 3

(L]

i)

g B Tested by: - ¢

?@:

1 : Verified by 3
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JER-1027
gAppendix A

Page |1 _ of

DATA SHEET # 2

—s.

Test Equipments

P/N
S/N
‘Date _
- Temperature Barometric Pressure
TEST: SIGNAL FREQUENCY AND INTENSITY
Paragraph: 4.23 _ o N E
Backgzéund.noise level — _... 4B.
MASK FLOW | sicmaL INTENSITY | . sIGNAL
LPM, NTFD _ dB (70 to 90 dB -FREQUENCY
.__reguired) ___He=
’ ¥
. 1z$

s
Berh

Tested by:

Verified by:
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Appendix A

DATA SHEET # 24

P/N
S/N
Date ‘

Temperature

Barometric Pressure

_ Page _1

of

TEST: ____ INWARD LEAKAGE (PACEMASK) _

Paragraph: | 4,24'

: LEAKAGE RATE
SUBJECT, NUMBER,. {1.5 ce/min. max.)
Name, Date ec/min.

REMARKS

10

1

12

~ 13

14

15

16

Test Equipment:

Tésted by:

Unerd Fiad hare

[ CECIEL SO IRSTREPER S iS

PN

238 e

g
N it
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ER-1027
Appendix A

P/N
s/N
Date :
Temperature

DATA SHEET # 2§

'
“

Barometric Pressure

TEST: _OUTWARD LEAKAGE (FACEMASK)

Page 1 of

Paragraph:  4.25

Name, Date

SUBJECT, NUMBER,

LEAKAGE RATE
{200 ce/min. max.)
cc/min.

REMARKS

[a3

20

A1

12

.13

14

15

16

Test Equipment:

Teéted by: =

—

f  verified bv:

B Bk it e
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Appendix A a : .

DATA SHEET # 26

P/N
S/N _
Date » N

Temperature ' - Barometric Pressure

PEST: MASK WEIGHT

Paragraph: 4.27

i i e e e e ce—i—- mmmmem e e ae =T =
. . . . H
= - - l
i

..-"W«ﬁ
.

S

i_' ﬁ;f: '-Weight of Mask/Regulator Assembly _ A - 1bs.

! ' - 1.25 1b. maximum allowed

4

RN
b
Test Equipment: ,
- . .
fﬂ:\ . -
B N . (:/
o BY

h‘Tested bY°f’_T # 4 — - oy,

a
T

- Verified by:
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APPENDIX B

"ANALYSIS OF UTILIZATION .

HELIUM LEAK DETECTOR TO MEASURE FACE MASK LEAKAGE"
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The literature usually gives the sensitivity of mass spectrometer type leck

~ detectors in terms of either the minimum detectable leakage rate or the ports of

Helium it will detect per so many parts of air or background gas. Typical values

are _10-‘0 $TD cc/sec and 1 part helium to 10, 000, 000 parts of air.

What the mass spectrometer actually measures is the partial pressure of helium in

~ the ion source of the leck detector tube. Conversion of the partial pressure

1

reading to leckage rates or rotio of air to helium is made by applying vacuum flow

mechanics principles to the dynamic constants of the leck detector pumping system.

In its simplest and most direct. mode of usage, the leak detector pumping system

is connected directly to the Test article which is. evacuated by the high vdcuum___

pumping system within the leak detector, as shown in Figure 1. After the test

vessel is completely evacuated and the pressure in the mass spectrometer fube hos

" :
been reduced to)b':e pressure level at which the unit will operate {approximately

R

1074 torr), the mass spectrometer cvrcu:ts are cctueted and the test article probed

with o small |et of hellum. When fhe output meter moves up scale, the helium

uet is moved until the response is max?imized and the deflection D| recorded. T!;e

exiernel valve is closed and the vu),ée lsolotmg ihe sfond leck L is opened and
i

the deflechon DL of the eutput meter is recorded The size of the leak in the




Ll ? .

— g

E.R. No. 1029 L Page 2
.
|
| |
test article is then estimated by the following relation: 4%
M . . Dy Ly = Value of standard leak :

L = P % -
s
Dy= Output meter deflection -
due to leak
Ds= Output meter deflection due
to standard leak
By definition the minimum detectable leak is that which causes an output meter |
|
deflection which is equal to the noise and short time drift of the output meter .
reading. With a properly maintained leak detector this is usually taken as 0.02 i
“times full scale on the most sensitive scale. In practice it is difficult to jse this !
A - : S

low a value. Usually 0.1 times full scale is a more realistic value for the !
.
minimum observable deflection over drift and background noise. 4
As previously stated the sensitivity is usually stated in terms of minimum detectable :
5 2
leak or parts of gas per part ofhefium which is detectable however the instrument §
\r‘\‘t-_,,_.__\ <y - }gi
il

is truly o partial pressure measuring device. We can arrive at a value of the
limiting partial pressure we can detect from either of the standord ratings if the
o~

' pumping speed and\\is_z_p,,,ercff‘h"‘g pressure are knowii. The total flow of gases

i
through the leak detector pumping system is by continuity:

"
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(2) Q; = PpSp = Py Q; = Total flow of gas through system

in torr lit/sec.

o Py= Pressure at inlet to diffusion pump -
S torr :

Sp = Speed at inlet to pump, lit/sec.
Py = Pressure ot Mass Spec. tube in torr
: : &

S; = Speed at Mass Spec. tube in lit/sec.

In high vacuum flow me‘chc.;mi:cs where the mean free path of the gas molecules is
larger than the dimensions of the flow passagways, each of the gases in a mixture
behaves as if the other gases were not present. Since helium has a molecular
weight of 4 and air about 28, the pumping speed for helium will in theory be

E

7l [7 = 2.65 times great as the speefi for air, While diffus.ion pumps
rarely exhibit this ratio (for many reasons), if the flow passage ;uusés a large
pressure drop'betwegn the Mass Spec tube qﬁnd the pump (greater than 10to 1)
which is usually the case, a ratfo of ﬁbouf 2.5 is appropriote. Tﬁus, equat';on

(2) can be written for helium:

Q@) Gie = PheShe : @y = Flow of helium torr-J/s

Phe = Partial pressure of helium'in
Mass Sper tube, torr ’

She -"-‘"Pumpirig speed for helium ot ‘Mass
Spec fube, lit/sec.

Ly

2
S
£

1)




(3a)
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E.R. No. 1029

And of course:

2= Phedhe = L

Page 4

Where L is the leak either’in the test
article or standard Leak.

If one kne\;‘-ifhe pumping speed of helium Sp,¢ then one could arrive at the minimum

detectable portia! pressure of helium by substitution in (3a). Shéls however hard

[ to calculate or measure directiy. Happily the partial pressure detection limit can

be. arrived from the sensifivif'y ratio of the Mass Spec and its known OPemﬁhg

pressure level.

Pre =

fl

Phe _EL_, - {Minimum)
R

1074
1067

R = Sensitivity ratio

Py= Total pressure in source

orr = 10711 torr (Minimum) in source

B T

Once we know Phe (Min) and L (Min), She can be obtained from (3) ---

16510 std. ‘cc/sé;.'_.

th"f lhe = PheShe Che = bhe =
{ < - -‘-:;\0.76 X 10“:,1'0torr 1/s
s = 0:76x 10710 = 7.6 litfesc Prg (Min) = 10777 torr
]0"” v ' * BRI 3
.
/f‘.‘: .o
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"As a practical matter most leak detector systems have effective pumping speeds

at ih? Mu.ss Sp.ec ﬁ.sbe of between 1 and 20 lit/sec and most of them have means

by which the pumping speed can be varied, for exomple the Valve A can be used

to throttle’the flow between the Mass Spec tube end the pump. This con result in

- varying St ond She over a wide range. The limiting case being the completely

shutoff position which results in 2ero speed which can be used advantageously

for certain applications where extreme leck rate sensitivity is required. It can

- be seen from eqn (3) that the minimum feak L which is detectable (and mecsurcb[e)

-is reduced if Spe is reduced by using throttling valve) and .in some msi’ruments a

factor of 10 or more improvement can be realized. However, as a practical

matter reducing Sy e or §¢ too much results in increased response and clean-up

. time which makes the instrument difficult to use.

, Another useFul leak detechon fechmque unllzmg o mass spec type Ieok de%ector |

is shown in Figure 2. In this type of sysfem a flex:ble hose hos one end connected
to H3 infet of the leak detector cmd_ the other end connected tc-:‘u?"igilffelj“ which ;
usually consists of a small adjustable needle vulve;‘ | In use the exfernal and
throttle 'vul'vee are e"pe'ned and the flexible h:r;sse' ;.lp.f-é the ”clo;e& }';'s'ﬁilffer“ valve

is evacuafed to |ess than 1:0'4 fer.r at the Moss Spec %ubie. The "sniffer“ needle

valve is ; then opened untll the pressure Pt is roised to sahsfacfory operatlng

5
2

; .
pressure level, usually between;}.0 and 2.0 1074 torr. If air which contains

obout 2 ports of helium per million is introduced into the sniffer, the response

" of th"e"ﬁystem cen be onul'yze_gi as foliows:

Nand

SN

BT N S T ek B a e £ T
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Flow into sfstem through "Sniffer™ - (2)

. 1 7.6
=P S; : 5t =Shex2.5 = 2.5

=3.05x 1. ox10"4

-3.0:)x104forrl/s —305I/s

Pr=1. 0x10 4 tore

Since the air is a mixture containing approximately 1 part of helium per

k‘\‘\“\u

500, 000 parts of air the flow of helium will be - - -

3.05 x 1074 o
Ghe = "‘5'66'(%‘6'6‘ T T );05 =0.6 x 1077 torr lit/sec.

This will result in o partial pressure of helium in the Mass Spec tube of - - ~

_ Ghe _- 0.6x1077
Phef She 7.6

=0.79x10710=7,9% 1071 torr

N ,’f*.Since the nﬁinimum detectable partial pressure of helium is 1071 torr the output
ya ‘
mei” detlection-will be 7.9 times the minimum observable deflection. The

ossumptlon_ﬁ.ts $rade that in a dilute mixture of helium in air that the flow through

fh'e'snif'féi" it the some for both helium and air. This is not uIWc:ys true. Helfum .

flow mcy be more or less ’-han air through a g‘ven ieok path dependmg on the

geometry of the Ieak pafh For th:s reason in cnalysus such as that mode above

is useful for esfimafing purposes only. In actual cases where quuhtitative results .

aore necessary direct calibratiosi on known mixtures ot close to the expected leck

rates is required.

o
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1}

It is useful to note that as long as Py is held constant manipuiation of Valve A
will have ne real "effect on the sensitivity when the leak detector is operated

in this mode.

The QSUEI mode of operation for this technique is to pressurize the test article
\_vifh either helium or helium enriched compresséd air mixture and probe the
exterior of the article. If the "sniffer" encounters an area of hig_h..helium
concentration the output meter response indicates the presehce of aleak.
Careful moving of the "sniffer" results in maximizing the response and location
of the leak. This technique, while not capable of thé ultimate Sensih;vity of

the direct vacuum method, is extremely useful m certain appifcations.

The problem at hand is to measure "in-ledkdée" of the face mask, regulater end
exhalation voivé of the FBS sy;fqm being developed for 'NAS‘AI.. It is p;i;z?osed
that o sample of t_he gas in _thé_ face mask'be dmwn.fhro:ugh_fhe__ ?;'_sniffer"ﬁ\;/hen N
fhé mask is worn by a nur’hber.of.-subiec.fs'..insic'e a heod whicﬁ contains a - |

be evaiuate.ld_. _'

The specified in-leakage rate is:1.5 cc/min. The breathing rate is assumed

challenge atmosphere. - The suitability of this technique ;ﬁfo

tobe 10 l/m. A ;Bdllenge‘orfﬁosphére‘ of 10% heliuén‘mé_ly be dssom_ed.m

i
I3
{

' ! Th.e mbaXi'xinum olAlowablAe hel?urﬁ floW"into the mask is - -

! S _ .. qy =helium flow into mask = max. ..
. o ~ allowable
i = mosk leok rate - max. allowoblre

>

T
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\Z\;": ” 5 . .
5's 10™ ‘
q = __2._‘;_{%}2_= 2.5x107¢ I/s { = 1.5 cc/min at atm pressure
M " 1= 1.5
_ 60 x 1000
1= 2.5x% 1073 lit/sec at atm pressure
m= ratio air fo helium=-challenge atmosphere
= 10
qél = bredthing rate = 10 I/m = %8— = 0.166 I /s

Helium content of breathing gas - 2 parts/million

qg = helium flpw rate vdue to breathing gas
= 0.166x2x 1076 = 0.33x 107 |/5

. Total helium flow into mask = qy* az = 2.83x 10-,6 I/s

Mixture ratie M air to helivm in mask

166 1 s - ' .
m= 92 .0 815 0.06x105
. 9y+qz  2.83x10°° -

6 x 10% (air to helium ratio)

The inverse of M is 16 parts per million.

: Siné_e calculations showed that the Leak Detector would give a deflection of
approximately 8 times minimum for air with 2 parts per million, we should get

‘a deflection at maximum allowable leakage of 8 X" > or 64 ‘_tifn‘es minimum.

This should make it possible to get reasonably accurate quantitative results on

mask leakage. The sen’sitivl.iry could bé'improved.by‘incredsing challenge atmosphere

~ helium concentration. A moximum improvement of o factor of 10 would be -

dvailoblé.if 1.00% helium were used.

s e

A A W s W

L T P )
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3 Another factor to be considered is errors‘due to helium diffusion through the
 rubber and plastic parts gf the face mask uﬁd the polycarbonate lens.
The permeabifity of natural rubl:{gr for air ot 75°F is 4.9 x 1078 c&n cc/sec/cm2/cm.
Helium permeability is cpﬁroxir.nafely 1.9/1 3 = 1.46 times that of air. The Fc;:e
- mask under consideration has approx. 13 sq. in. of 0.050" thick natural rubber
i bsubiecf to air permeation. The helium flow rate I;s estimated af:
ag = KiA 2P K= 4.5 x 16 8:atni cc/sec/emZ/cm
} 425 x 4 9 x83.2 0.1x1078 foralr for Hotm, =) |
=_." 0:]3 —x 3 Ky = K)f 1.46 helium/air permeability ratio)
~ 456107 l./Sec.. at 1 atm. A=13in? x6.4=8%2 cn”
t=0,05"=0.05x 2.54=0.13 cm
i AP=0.1atm
i The lens of the face piécé .is made of polycarbonate comprisiné.éif inlr2 of material
1 _ - with @ fbickr_xess of 0.050 in.v An es.tin;\ate of_;_*he Eel\iuﬁm__diff_us-itj?j) Vt_vh‘rough“ ih.e e
lensis: o e : N
9% =+ K = Data for helium not available but .
 osxexsaxon, 1 BRCIERUNS e
' ' ‘ 03 103 S en order of magnitude .
[ o D= ]5.9x.10"9.|/Sec at 1 ahﬁ Lo PO ‘ |

-
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The various sources of helium flow into the mask velume are:

qy = 2.5 1078 1/z max. allowable mask leak rate.

1

93 0.33 x 1076 I/s He!iuh content of breathing gas. |

it

q4 0.0043( 1076 i/s Hezlium diffur;iﬁn fhr;llgh\\:g!astomer.

95 0.015 x 1076 1/s Heliumv;gjliffusion fhrough tens.,

Since;the contribution of helium permeation and helium content of breathihg gas

(93 a4+ a5 = 0.35x 10°6 1/5) totals only about 14% of the helium flow due

to maximum allowable leakage, the method should be usable and subject to caiibration.

Y




m"”w" e . : - . .

e —— g

P ] i

PORT ‘L.g

eTD. LEAK

EXTERNAL

1 . VALNE
|

NEEDLE
VALVE

THROTTLE

VALVE e

el TEST

| \Aa'r!q:"&: - /}— g
] - VALVE A7 '
f

o DIFFUSION
i . PUNF

MASS SPEC.
TOLUBSE

OUTPUT

METER

)

) mednanican
AT VACUOM FUMP

i
i
i
;
4
»
:
5
i
. ‘;“
4




R R

KNOWN
‘MiXTUg,;—:- |

MASS E’:PEC.
TUBER '

OUTPUT

THROTTLE METE S

VALY B

t*\
3
W |1
g
TR

DIFFUSIORN
- PUMPF

'\-_QCOL_'D TRAR

MECHA\M@AL' ,
. VACLUM PUMF

FIGURE 2.

- T




e A

A - - H .

I3 SQIN. OF 020 THICK
NATURAL RUBDRR -THIS AE.}:.A. DML:(‘

&7 SQ. 0

) s
rFa )
Bt
A

F’CDL..YCA?.. FS'\’,"-': -

SRR

.

'w':"-'l LSRR e 4

P .
i

ROTSRTR S

okl

P oy e L M e T



ER 1041

 EXHIBIT 1I




- 4 pre1027 Page 1 of 1
Appendix R ,

DATA SHEET # 6 . N _
‘ :

P/N 2725
s/N 2 '
Date N -\R-T
Temperature _ 14 °F

Barometric Pressure __147 Mn%&_,

ti

~PEST : OVERPRESSURIZATION PROTECTION

Paragraph: 4.12 DEcuEmecE. L Praca. 4. \

i .
. {‘

.
ACTUAL

PARAMETER R'EQUIR‘\'%'D

Step (4} Burst Pressure _ '45001_5006' PSIG Ao ‘ v
Frangible Disc ' - : 1

A e AT e Sy e il T

.
e LWM L o et b

S

£

eed Gy BRES MR M MW GeER  Seew  Sees e oemer DS

Test Equipment: _
Ses e b = ox

<]
. .-'
* X T
L - : - ! ' .' ’ e
’ : . - . ’ .. . iy

o - | mested by:  Lepf * —
o " . Verified by: —Qui@ 'ﬁ_&_\&: x‘

i AT i = .
m—————— - - Soh_akh - P . - it
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i Appendix A '
DATA SHEET % 3
. P/N 271271
I s5/N 2. _
Date - Lo - . ‘
Temperature e Barometric Pressure _ 19\ mwbig
' TEST: PROOF PRESSURE )
' paragraphg 4.4 S 4 OheAa 4 L2
: PRESSURE - BOST TEST
i COMPONENT (PSIG) INSPECTION
1' ' Cy‘lii'lder & Valve Assy. €750 e Drvnce
High-pressure Hose 6750 Nem Oaseelve
[ Pressure Reducer (high-
pressure section) 6750 - e Dacwmce
\' Pressure Reducer (low- "
pressure section ' 187.5 ‘\4’ Drsence
l Low-pressure Hose .. 187.5 | e Davance
! Breathing Regulator ' 187.5 Mo DAavambE
| i“_ | STATIC FLOW CHECK
o 2000 _PSIG INLET {800 PSIG INLET
l : MASK FLOW MASK PRESSURE - | MASK FLOW { "MASK PRESSURE
. LPM, NTPED | INCHES OF WATER LPM, NTPD | INCHES OF WATER
\ - s 5 | ey, 2O
"'(.3.. I v -0 . .12 PN D T
-1.25 ' 215 . =1.25
, —\.o 300 T —ta
l -2.0 | Ses | =2.0 N
J_\\_p.a.. AeTeaT s BST POl ‘ -

‘Test Equipment: Tee B rwese Liee— ™= =7 g

:l | N . ‘. X . . ) ‘ . Tested by" Wé :M )
i I - S : Verified by: l" ,,,Q ré ‘—&*‘i—

+
u—-’iﬁ -

-

. [ . e

Camil, vkt .,_..‘.‘j}'w' Tl
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Appendix A ' - . S :

DATA SHEET & 26

p/N 27215
S/N <

Date _ & -\ -1% . ) _
Temperature __ 1\ ~ _Barometric Pressure T4 wavk \\3»

TEST: MASK WEILGHT

Paragraph: 4327 CSerome=s 4 Psan AN A

Weight of Mask/Regulator Assembly | L& \ OZ _ihe

1.25 1b. maxundm allowed | . <

Test Equipment: Ay FF \?.

-“ic??:—',:: =

+ .

:\\\.;.“ = '-“i
o
) ' s/‘:’-
Yy, ) "/ . 4
;: ‘. Testgd by: - -*f'L o1 ,
r,/ i L - g -
: Verified by:
e N o T e 0
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Appendix A = o '

" DATA SHEET # 26

=%
W M

| P/N 20215 ' - ' .
|, S/N Z. ' | o :
. Date. £ -\ -3 :
| - Wemperature 11 F ‘ ' Barometric Pressure “J4-\ wive “ﬁ‘?
: i

(i S .
l TEST: MBSK WEIGHT ) o ‘

' * paragraph: ) _4327 gﬂvu'&_&ﬂ‘l’f’_ 4. Dm.p.. A.-\“‘y— )
%’ W
| Weight of MasK/Regulator Assembly | L& \ O —ihas Tg - ’\
l T . ) e ///:, ;
1.25 1b. maximum allowed ' B
. 'I‘ek,\t Equipment: \L.e7v ¥ a9
I ’ 4[/;“)
’ Tested by: .
' Verified by:s .

g et f ’ : ' :
S T - - . - S - - . a2




B T U :

o
R\

. m-’ _“ ) “_"‘_ e

A

- -

W

o

. 5
l .
¥

ER-1027
Appendix A

VW

B/N

S8/N
bate .

Temperature i

i

w

DATA SHEET # 24

Harometric Pressu

Page 1 of

e

Paragraph:. 4,24

TEST s . INWARD LEAKAGE (FACEMASK)

SUBJECT, NUMBER,
Name, Date:

' LEAKRGE RATE
(1.5 co/min. max.)
" ege/min.

REMARKS

1

12

v 43

14

=18

16

-4

b} Test Equipment:

Pested by:

Verificd by:

2

R

(i

£

et B oL o

BN T P et
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i I Appendix A ) ' ' .

, - N . DATA SHEET # 25

. iy
. N . s
I FEN e )
H T -

| P/N _Gpo ~ ' | | o
.y 8/ : : - “ S . | 3
. % Date o : .
Temperature : ' Barometric Pressure - :

-
, ~  TEST: OUTWARD LEAKAGE (FACEMASK)

4§

|
ﬂ-! Paragraph: 4.25
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i B g N . LEAKAGE RATE
: SUBJECT, NUMBER, (200 cc/min. max.) | REMARKS .
Name, Date ce/min. : . :
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Appendix A’

DATA SBEET # 8

P/N 2721s
s/ 2

Date _ 7 _2¢3.14

ER-1027 : - - . Page 1 of _1

Temperature N2 & . Barometric Preésure 147 vaea A

TEST: __ __ PRESSURE GAGE ACCURACY

Paragraph: ‘ 4.14 DSEqess | e A TS

Increasing Pressure:

Gage Reading , Reguired _ Actual

10 x 100 psig 1000
20 x 100 psig 2000
‘30 x 100 psig . 3000
full 4000

225 psig QST
225 psig \ & EO
225 psig 2R
225 psig 260

4 14 14 14 )

45 x 100 psig 4500 + 225 psig 42'_£3C’.

Decreasing Pressure:

Gage Reading i Regquired _ - Actual

225 psig - jc4c
225 psig R N L
225 psig 2 CrE
225 psig C BREOC
225 psig A250

10 x 100 psig -+ 1000

. f 20 % 100 psig - 2000
i . 30 x 100 psig - 3000
] B . - full ' - 4000
. 45 x 100 psig 4500.

1+ b 14 14 |+

' [ Test Em:ipmehtz sy = 4

. : '.l,‘ested bys M{df'( 45 "

% l | . | Verifx.ed by Eﬁg . [’th_

T - S SR R

S S R
N T RN




= ‘ ER-1027 : | - Page 1 of 4 E
l Appendix A " ' : '
o DATA SHEET # 1
P/N 27235 : | ' ' T
s/N 2 ' -
; l Date £-1-13 : . ' -
Temperature 7= & i Barometric Pressure 741 waws Vs :
; ' TEST: __FLOW REQUIREMENTS _ f
l .Paragraph: 4.1 | =
R 'f-;‘qi
I 4.1.1 INHALATION INITIATION -
I Paramét-ér | , ' Required ~ Actual **
! @ Step (3) Leakage 10 scc/min. max.| 3.6
! . : R :
| L
g Step (4) Flow Initiation @ ~0.1 to -0.5 | __ g 3¢
P l ' 4000 psig inlet inches water ' :
LT Step (5) Flow Initiation ® | <0.1 to -0.5 ~o.38
! 1000 psig inlet ‘inches water S
: ' " Step (5) Flow Initiation @ _ -0.1 to -0,5 ' . < 34;
: 570 psig inlet .- inches water = .

Test Equipment s Lasy 11 |

*
— r———Y - o .
R A,
.
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ER-1027 Page 2 of _4
Appendix A g
- 4.1.2 INHALATION FLOW AT INTERMEDTIATE AND MAXTMUM SPECIFIED
NEGATIVE PRESSURE
Resulting Flow
Parameter LPM,NTPD
‘Step (3) Flow @ -2.0 inches sso Ji
water 4000 psig inlet ' "
Step (4) Flow @ -2.0 inches Aso
water 1000 psig inlet
Step (4) Flow @ -2.0 inches - ST
water 570 psig inlet '
Step (4) Flow @ -2.0 inches 223
water 100 psig, inlet
-Step (5) _1:"3.:[}= @ -1.25 inches 4ec
wa'};.ex: 4500 psig inlet ' ,{f-\'
Step (5) Flow @ -1.25 inches 4ac
.+ water 1000 psig inlet -
Step (5) Flow @ -1.25 inches 3-;,:
S watexr 570 p51g :Lnlet -
Step (5) Flow @ -1.25 .u:xches R '22;.'5.'"- ®
o water 100 psig inlet
Test Equipments LisT ™ a4, ‘\, L
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Appendix A

o
4.1.3  EXHALATION INITIATION & STATIC FLOW = - |

_Parameter | | Required ___Actual
Step (3) Exhalation Initiation 0. to 0.5 + Vs

inches water

' Step {4) Exhalation Flow ® 257 LPM NTPD | =9&
" "42.0 inches water minimum ,
mask pressure H

Step .(4) Exhalation Flow @ 476 LPM NTPD | reco
- +4.0 inches water ¢ minimum

mask pressure

‘Test Equipment: L™ 1,2, 4.
- TN
7
7
. 7
ud f
. - R r
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Appendix A

DYNAMIC® FL.OW_REQUIREMENTS

Page 4 of 4

Parameter Required Actual

Step (3) Peak Inhalation -1.25 inches 1.6
Pressure ‘Water Max.

Step (3) Peak Exhalation +2.0 Inches .
Pressure Water Max. A

Step (3) Low Pressure Alarm 880 to 830 Ay
Actuation Pressure PSIG

Step (3) Total Time from N/A "2 vAva o Swe

: High to Low Cylin-

der Pressure

Step (@)-Paak Inhalation

=
A

Step (4)

step (4)

. Pressure

Peak Exhalation
Pressure =

lLow Pressure Alarm .

~ Actuation Pressure

‘Stepf(4)

'Total Time frdmv .
Bigh to Low Cylin-

der Pressure
'*Lr-/

*;—2 0 lnch

uater Maxga

+4.0 inches
‘Water Max.

880 to 830

PSIG.

WA

T
. ‘X \
B

- N."Z

B v 10 &EC

Test Equipments

\.;\ % ™ -

i A'r q /‘ ‘44'

'8

| Tested by: MW
Vbrxfied bys F:aﬁze Cg EgeaéEiEI:Q
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Peak Mask Flow
LPM NTPD

Calibration

‘Inches of Water

Mask Pressure
1 calibration

RN
NS B ¥

yaR \;FV;
RN RN

——
T 3
H 1 .
—

i
- Foor e e e e e e — e e

Dynamic Flow Requirements
8/16/73

Peak Flow & Mask Pressure

257 LPM Peak Flow
- Purge Valve Closed
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. Mask Flow

calibration appears on the page showing

257 LPM peak flow chart.

NOTE:

Peak Flow & Mask Pressure

' 476 LPM Peak Flow

Dynamic Flow Requirements

Purge Valve Closed

¥

8/16/73



Appendix A’

S ' - .DATA SHEET # 2
(]
| l P/N 21z S
S/N 2
-} patd __eiea= | —
Temperature 1% & ! Barometric Pressure _ 74\ weMy
l TEST: DYNAMIC PURGE CAPABILITY
I paragraph H 4 ° 3 ° l SE-C‘\_" &.-:l‘_& 2— Pm 4 -'Z. .3 b
' ! Parameter Required Actual
Step (3) Peak Inhalation -1.25 inches 1o
l Pressure Water Max.
; Step (3) Peak Exhalation +2.0 Inches '_*‘2 4
l Pressure ' Water Max. '
' Step (3) Low Pressure Alarm 880 to 830 p s 40
l Actuation Pressure . PSIG N
o Step (3} Total Time from N/A 'S w81 asc
; l High to Low Cylin-
i dexr Pressure
: ] -] Step (4) P=ak Inhalation -2.0 inches —.O
) ] -~ Pressure : Water -Max.
- Step (4) Peak Exhalation: +4.0 inches
. Pressure  Water Max. + A
Step (4) Low Pressure Aiarm 880 to 830 By
Actuation Pressure PSIG
Step_ {(4) Total Time from N/A 2 ae BT SEC
High to Low Cylin- T
- der Pressure

pom. i

Test Equipment: L‘;.,. ST

4

a-, PR, 1S e, 1S
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Mask Pressure

:,
i g
3 : ! ﬂ ‘
3 w -1 i Inches of Water - K iy
£ T+ |calibration : v
i O i
E N, TR i
i
A

LR

i
Peak Mask Flow

LR

=

A S AR S

slpirizzgigs li.@ii.!.!lu.&gu!!“! ll”lenililluliuu-.

I.& " LPM, NTPD - -
S celibration [ o o}
. +6 T} e

L.__.imJZ“u‘T::m-_‘":_ﬂ:"hw

Dynamic Purge Flow

Peak Flow & Mask Pressure
257 LPM Peak Flow

Purge Valve Fully Open

o 8/16/73
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Mask Pressure

Legadaad s

Mask Flow

]
i
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-Calibration appears on the page

NOTE:

Purge ¥Flow
Peak Flow & Mask Pressure

Dynamic
476 1.°PM peak flow

Purge Valve Fully Open

81;6/73
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- DANTA SHEET # 2 (continued)

/N 277215

s/N 2. o | L e
pate _&-\1-1> _ : |
Temperature 215 = Barometric Pressire J4¢ M\-k\‘\%_ e

TEST :  STATIC PURGE CAPABILITY

' < : . ’\)
.-Paragraph: 4.3,2. DEQuSsE C 2 ek A3,

PARAMETER REQUIRED ACTUAL

=TT T —-{:‘

=

step (3) Flow at 4000 psig 111.2 LPM NTFD | 280
cylinder pressure :

3500 . ‘ '_ 2aeY
--_3000 - i . 20
2500 . o 260
2000 _ .l zco
1500 | - &5~

1000 : ) (s -1
8090 ‘ \ g PR ) 4’1]
L 500 ' ' _ - 2AD

- 100 1S ot
s [ ’7\‘;‘
j
. —//N
; .

Test_ﬂd“by:. MW —
Y. yerificd bys PQJP ?m*ﬁ\m

>

e o - S
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ER-1027 Page 1 of 1

Appendix A

DATA SHEET # 5 ' |

P/N 2121S . ‘ ) A 1
S/N 2. |
. Pate _ £ -\1-1\=2 s - P,
Temperature __ Ji & ' Barometric Pressure 141w Yo

TEST: __ SYSTEM WEIGHT

Parxagraph: | 4.6 L Seguemte 2 PARA 424

' - o
e

COMPONENT WEIGHT , | o
{pounds) ' < f

Valve Assy. including Lock O, 8BS
Ring and Seal i : : i

| High-Pressure Hose (A o

_:!_’_L-l . .
Pressure Reducer . T L &
- !

‘Low-Pressure Hose . e,27 -' _ . : H

Breathing Regulator o, 2,,5_
= Face Mask N (S Z) | ]

- Back” Pack & Frame ' . =

TOTAL FBS WEIGHT: ___ E5:\8 Ibs. ‘
: - {10 1b. maximum) - . o |
‘(not  including cylinders) - o

- Test Equipmenté LT ‘"xt.m\’ﬁA

. '.E‘estcd by M W -
v s verified by: YR85 A.C 2!




ER-1027 — | ‘Page _1 of _1

Appendix A i 7 o _ .

. B/N Z121S
S/N Z

‘Date Rl L - I.
Temperature TR = : Barometric Pressure 14\ vie Vg

D L

TEST: SYSTEM LEAKAGE

Paragraph: © 4,13 "f’( 5@54-.:?_}-;93' 2 Paoe A 2.5

i e M ey e

P e W N

Parameter Required @ Acfual

A

r Step (2) System Leakage ' No leékage N T ‘<

e S e s it SEASEL

[ i . L g - ‘ . ) . J - .
et

—

. . 5__’_-.{\\

g = N -
SR TR e

Tested by

e
af
R
ff
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ER-1027 a . ~ Page _1_ of _1
Appendix A : _ .
DATA SHEET # 21
_ i
/9 27275
S/N 2z .
Date __ £i-lk -2 R < S
Temperature _ T3 | Baxometric Pressure __ T4 ) vl
TEST: : LEAKAGE (CYLINDER VALVE/ CYLINDER ASSF'VIBLY)
Paragraph: 4.2l | ) S«:q Ve CE= 2 M A 2.
Total leakage o cc/24-hr.
‘Leakage Rate T O cc/hr.”

(0.5 cc/hr. maximum)

Test g:quipments Lt w‘q

+

. ‘ R |
- o '
[&

 Verified by: R LS
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ER-1027 B "Page 1 of 1
Appendix A . : .

DATE, SHEET # 22 ,
P/N 271215 =

| sn =2~

Date _&-272 -1 |
Temperature __ ("¢ ©_ Barometric Pressure _ 146 wawl\io
TEST: 'AC'I:UETION (DE-PLEIION WARNING DEVICE)

14

Paragraph: _ 4.22 SEG L Ee e 2 Theza 4.2 .7

Actuation Pressure _Be  PSIG
(880 to 830 psig required)

. . n
. . B i . v
: ] : .
: A7
i
!:‘

Remarks:

- Test Equipment: e oA \

N
v
- . B
[
) - Tested by:
[' = R B o _
. . Verified by:
- . ) . . . ﬁ
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-Paragraphs: 4.23

ER-1027 - - ' - ' .Page'l of 1
Appendix A ‘

" DATA SHEET £ 23

P/N 20205

s/N 2.

Date _&.7272-12> , N
Temperature T = Barometric Pressure _T4-G W Mg
TEST: 'SIGNAL FREQUENCY AND INTENSITY

Background noise level ___7C . das.
- MASK FLOW SIGNAL INTENSITY SIGNAL
LPM, NTPD d/f} (70 to 90 aB FREQUENCY
_— i required) N Hz .
85 | oo = —
R | " BRETO
g
_v///_ L
a :
‘rest Equ:.p"xent~_~ Ligy = \ ,4. 1o 2\

| . _ — ‘I‘ested bys M‘@M
o . . Verified by" QJD SZA(—'

]
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ER-1027 . L Page _1 of _2

Appendix A

DATA SHEET # 10

B/N Z20S
sS/N 2.
Date E-\g=-\3
Temperature — Barometric Pressure _——
TPEST:  HIGH TEMPERATURE OPERATION
Paragraph: | -4.15.3-' SCEcuEacs > Paes, 4.2 .\
Chamber Data:
Step 2a 120 % SOF\ ' 6 hours minimum

Date S—lfr“a«'\'&;__ Time in U108~ Asn 'I'emp.' 2
Date S~~~ Time out £.ATw_ = Temp. _\"7o

Step 2b 154 + 5°F .. 4 hours .mi;‘_x_ii’niﬁm .

Date S “\®~-"% mpime in & ASTM Temp. &S \ s
Date & -—\_%u"\‘b - Time out lo:4As-Pry Temp. 1S :

Step 24 120 & 5°F 6 _hours minim_um'

Date & -\2,3 mime in 115 4P Temp. {20
Date $~19-71" Time out S i 4vhvy Temp. __ V20

a 154 + 50F 4 hours minimum

 pate &-\"y% Pime in &\ AS AsA Temp. 150
‘Pate R -10.T% Time out 10 Ageney Temp. 1S

120 + 5°F 6 hours minimum
pate £-\%-12  7pime in 1P AW Temp. _120
Pate S -\W-> Time out 5. A Temp. V20

154 + 5OF 6 hours minimum
Date 8 -\%-1\> - Time in LoATT™  Temp. __ISS

°  Date _g -\Q.- Y% Time out L0'AT W Temp. __ 5SS




ER-1027 Page 2 of 2

Appendix A

200 & 4 59

Step 2e 8 hours minimum

2 —
REey T

Date - l‘\~’1'5 Time in _\\" 20%  Temp.
Date & -2¢ -2 Time out 4 . ac A4 Temp.

Test Equipment: \.sv ™ 4, 3 q‘, e on, = |

.....

«

1, Sy
]

E,: - pavss : : = . .- . .

2000 pPSIG INLET
MASK FLOW | MASK PRESSURE
ILPM, NTPD | INCHES OF WATER |
5 —-E

125 —_—s5

S5 -)..25

300 — .S

Sssoe ~2.0

HIGH TEMPERATURE STATIC FLOW CHECK ;

- POST HIGH TEMPERATURE STATIC

- 2000 PSIG THLET
I MASK #10W | MASK PRESSURE
LPM, NTPD | INCHES OF WATER |
.5 = B
125 .18
=327 =-1.25
300 —\. 2
525 -2.0 '
2000 pSIG INLET
MASK FLOW | MASK PRESSURE
LPM, NTPD | INCHES OF WATER
5 . -
125 -5
SRoe -1.25
300 =SS
ST -2.0

1Y

POST TEST INSPECTION:

PRE TEST STATIC FLOW CHECK:; Date & —\‘1‘13
800 PSIG INLET
MASK FLOW | MASK PRESSURE
1T.PM, NTPD | INCHES OF WATER
125 R — . €2
2SS ' -1.25
300 —\. 36
(o S -2.0

800 PSIG INLET L
MASK FLOW | MASK PRESSURE |~ -
| LPM, NTPD | INCHES OF WATER
_—_— LT 2
125 Y ‘Mf
2R . ...l 25 I
300 —\ 38
25 -2.0

FILOW CHECK:; Date 8 -0 - 13

800 PSTG INLET
MASK FLOW | MASK PRESSURE
[ LPM, NTPD | INCHES OF WATER

- ~ .27
125 T L
S e -1.25
300 —\e
25 —2-0

A {é-:b‘.s \'H‘:v‘-‘b AT 2o 0=
ENAR DER2 Thecuetew  TWER osaE

ot G

| 'rested by. ﬁg@iﬂ /ZAXL

‘Verified by:

‘Date Bl
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" ER-1027 ' ” Page _1 of
Appendix A ‘ :

 DATA SHEET # 9

p/N 21 21S

S/N Z

Date 1-21-2"2 .
Temperature - S Barometric Pressure —
TES‘I‘ 3 LOW TEMPERATURE COPERATION

Paragraph: 4.15.2 qEque.-aa.e_ = Phe..-.,.' A2

Chamber Datas

Step 2a =60 + 595 4 houxs minimum

Date _1-2862 Time in __\ &= Axv  Temp, —Go °E

Date 1-26-1> Time out - cw®m Temp. _-Lo &
Step 2b Visual Inspection . ' -

Remarks: -° Premos Mone STee

' o C
Step 2¢  ~-60 + 5 F - - 8 hours minimun
1-26->

Date ——e-Pu Time in 3. e @ Temp. o' &
Date 77-27-1% = Time out. &' %0 e Temp. - —Go '€

Step 24 See data, Page 2.
Step 2¢  See data, ‘Page 2. -
o 3 V!: N
. &

et e e

P2 SREAS

5
*
s
ks
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ER-1027
Appendix A

Page 2 of 2

Data Sheet #9 (continued)

PRE-TEST STATIC FLOW CHECK’ Date T-26-"12%

_B00_PSIG INLET

MASK FLOW | MASK PRESSURE
LPM, NTPD | INCHES OF WATER
5 i o '
125 R 7Y
© 3, Ty -1.25
- 300 —t L &
O =2.0
FLOW CHECK; Date _1-27 7=
800 PSIG INLET
MASK FLOW | MASK PRESSURE
LPM, NTPD | INCHES OF WATER
5 Y
125 B
A< -1.25
300 -\ \&
(e = r-2.0

: (B .
POST LOW TEMPERATURE STATIC FLOW CHECK:; Date

A mizon "l PG

L tew AT ST Wewswn v PRESS.LS
RIS AARER, | L. (iSRS

ONS oy guesr B

.800

PSIG INLET

MASK FLOY

LPM, NTFPD
5

| MASK PRESSURE
| INCHES OF WATER

125

-1.25

A 2000 PSIG INLET
MASK FLOW | MASK PRESSURE
LPM, NTPD | INCHES OF VATER
5 = A
125 — -
2 -1.125
300 —i.er e
SO -2.0
1OW TEMPERATURE STATIC
2000 pSiG INLET
MASK FLOW | MASK PRESSURE
| LPM, NTPD | INCHES OF WATER
5 —. (a2
125 -
R -1.25
300 = D7
Ao _=2.0
2000 pPSIG INLET
MASK FIOW | MASK PRESSURE
LPM, NTPD | INCHES OF WATER
5
_ 125 NSy
-T.25
300 |
' c=2.0

300

.

£

Visual Inspection:

. | l'j.'ested by: Mﬂ

¥mwnd S rar A Patre E ﬂ D

-2.0

Test f:quipment_: Lisy & » 8, 19,71 ,ve -

Py
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ER-1027 , " - - Page _1 of _2 |
Appendix A
DATA SHEET # 9
P/N 272 NS
8/N i _
Date q-347> : : N
Temperature — Barometric Pressure -— =
TEST: LOW TEMPERATURE OPERATION
Paragraph: 4.15.2  Segars e Pﬁ% o
‘ B0 T Sresiac Ve
Chamber Data:
Step 2a -60 + 5°F 4 hours minimum
Date _ Time in Temp.
Date ~ Time out Temp.
Step 2b Visual Inspection -
Remarks: : ;
| -t o . i
Step 2c ,..-6&"‘_3:5 F .. 8 hours minimum £y
Date '1-3e-1 Time in 4 :eo i Temp. _~ 42" "¢ j
‘Date _3-21- 1> Time out. B+ 3c Axu  Temp., _— A& TE= :
. . - !.L
Step 24 See data,' Page 2.
Step 2e See data, Page 2.
B ’ . I‘{Tf—;
. 4 \\ /
/ ‘
4 L
\
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ER-1027
Appendix A

Page 2 of 2

Data Sheet #9 (continued)

PRE~TEST STATIC FLOW CHECK?/ Date‘ T-72 -3
2000 PSIG_INLET . 800 PSIG INLET
MASK FLOW MASK PRESSURE MASK FLOW MASK PRESSURE
LM, NTPD | INCIES OF WATER LPM, NTPD | INCHES OF WATER
5. ’ N Y 5 —

125 — T 125 — . g

EXLS ~-1.25 C 3 -1.25

300 —~\.O8 300 — \. A&,

S -2.0 (e @) -2.0

LOW TEMPERATURE STATIC FLOW CHECK; Date ‘1-3\-12

2000 PSIG INLET 800 PSIG INLET
MASK FLOW | MASK PRESSURE MASK FLOW | MASK PRESSURE
“LPM, NTPD | INCHES OF WATER LPM, NTPD | INCHES OF WATER
5 -.232 5 ~ )
125 — A 125 — - &4
o _=1.25 L -1.25
300 —\.C8& 300 —1.0%
© -2.0 ez -2.0
. | BA TH Bafusra  MSIUATG e
Lrwe \ma Loy Prtf—‘-la'ém..ﬁer- £ (e Oy et T |

POST LOW TEMPERATURE STATIC FIOW CHECK; Date

Test Equipment:

Visual Inspect}on:

Tested by: W

2000 PSIG INLET __.800 PSIG INLZT
MASK FLOW | MASK PRESSURE | MASK FLOW - MASK PRESSURE
| LPM, NTPD ! INCHES OF WATER | LPM, NTPD | INCHES OF WATER
5.+ 5
125 125
" -1.25 -1.25
300 ' 300
2 . =2.0 ‘ =220
Lian™ 4,2 9,15, u 2

Uori Find bwre —\}g_& SR N —
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 ER-1027 . _ - Page _1 of
Appendix A L o
i DATA SHEET # 9
P/N 2172 S
s/N 2
Date _ 8 -2 -7 .
Temperature — Barometric Pressure __ —
TEST: _ LOW TEMPERATURE OPERATION
Paragraph: 4.15.2 SE.CQ\;*FZ.\_';Q.__ =2 pmcaa A2, .2

S Vol T

Chamber Data:

Ys
- Stép 2a GO 5°F 4 ‘hours minimum
pate _BH2o-13 Time in _lllo®sy  Temp, o=y A"
Date & 20-13 Time out 2 ' CoPY  memp., A &
Step 2b Visual Inspection .
Remarks: Lo = .o YRR “&—_,E TN
D"WCP-PE—» (e d TERST Frew TR, FeEa W QT o PRI ATE
' e T
e o
Step 2c -0+ 5 F 8 hours minimum

Date & -20-7> Time in 3 < ©w_ "Texihp., —44‘ =

Date £ -~2\.-\> ‘Time out. & 8o bxn  Temp., -~ AC" &

o
W

‘Step 2d See data, Page 2.
Step 2e See data, Page 2.
e
‘\'. "‘3 N
N
\\\é.
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ER-1027
Appendix A

Page 2 of 2

Data Sheet #9 (G&Qtinued)

B

PRE-TEST STATIC FLO:7 CHECK?

2000 PSIG INLET

Date

K20

800 PSIG INMLET

2000 pSIG INLET
MASK FLOW | MASK PRESSURE
| LPM, NTPD | INCHLCS OF WATER

S —.a
125 - K

_ w EvS ~1.25
. H_?OO"‘ -~ .82
wES L =2.0

W

MASK FLOW | MASK PRESSURE MASK FLOW | MASK PRESSURE
LM, NTPD | TWCHES QF WATER LPM, NTPD | INCHES OF WATER
5 > _ Ao 5 e
125 _ & 125 e
<SS, -1.25 K== ~1.25
300 — . 300 ~ -
5o -2.0 2 S -2.0 -

1OW TEMPERATURE STATIC FLOW CHECK ; Date

F2 v

800 PSTIG INLET

MASK FLCW

MASK PRESSURE
INCHES OF WATER

LPM, WNTH:.

5 a4
125 — . &
=y -1.25.
300 — 1L \8
G -2.0

POST LOW TEMPERATURE STATIC FLOW CHECK; Date _£:-21.13

_Xowri FiadAnatre

__2000 PSIG INLET ;800 PSIG INLIT
MASK FLOW MASK PRESSURE MASK FLCW Ma8K PRESSURE
 LPH, NTPD | INCHES OF WATER LPM, NTPD i INCHARS OF WATER
5 . ul 5 \ —.do
125 - S 125 - A
5C ~1.25 2= »}.25
300 :, - . RC 300 —iin=
S _=2.0 T e2S -2.0
Yest Equipment: | P w3 90,0, 02
- ¥isual Inspection:
Tested by:

‘.""r.. @Q &L‘A’vl-
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ER-1027
Appendix A

P/N . 271e3S
S/N 2.
Date _&.22 =2

Temperature

p——

TEST :

Page

1l of

2

e

DATA SHEET #11.

[

"

Barometric Pressure

HUMIDITY

AN

=l
:

RELATIVE

4.15.4

Paragraph:

Chamber Data:

Step 2 110 + 5°F

2 hours minimum

—

Date

Step 3 77 + 59F

£-221% Time in
Date ©-272-7"5 Time out \\'.Asrex  Tenig.

S A e Temp.

$EQ\>¢S_3-.;Q_.E = ez SRR,

24_hoiix

"50% R. H.

Date £:22-7% Time in _ U ASA  remp.
Date £-23_7T% Time out _\\: 45 Terp.

Tt

Step 3 cycle

Date £ -22.-77,
Date A .o, o

Step 7 77 + S°F

£

Time in 1\ AT ©w
Time out ATy

50% R. H. 12 ¥ours -

Date ®-28& -T2
Date & 2073

FBY
NN

Time in  3°* 2cy D,

~ Time out B 3 WAk A

e
TN
v

o

P SR L NPT FILR L PP

N
)
e T R N i £
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ER-1027 Page 2 of 2
Appendlx A "
. PRE-TEST STATIC FLOW CHECK  &-2z-1=
2000 pSIG INLET ___B00 PSIG INLET :
' MASK FLOW | MASK PRESSURE MASK FLOW | MASK PRESSURE
LPM, NTPD | INCHES' OF WATER LEM, NTPD | INCHES OF WATER
N5 -~ .2 ' 5 -2
125 - — ¢ 125 ~ a0
SSS” =1.25 27 s -1.25
300 - —~ 4O 300 —\-22
SO -2.0 e2S -2.0

RELATIVE HUMIDI‘I‘Y STATIC FLOW CHECK ?‘-»2-8~'t?_—;

N

....}... - . - . . .l -k [:_ ) 'i:_ - 4 - . . o e e
" Test Equipment: WY LS R, e 4, 12
L]

Comzatmns te— \Mn-.\wr' Buc g = (&um-—e.-s ATHEATR E
MNecom Tyezooe AT e n & Vi e uwas coeroemas =
c) C A pe MRBBULT BDREATRRE Ryt G FSTRel,
A) Caearvmria TuairE ToZfBa v O FhawiPAL L il S

Tested by:

Visual Inspection:

@) Nowmas uvees G&E s
o A

) 2000 PSIG INLET 800 PSIG INLET
1 MASK FICW | MASK PRESSURE MASK FLOW | -MASK PRESSURE
LPM; NTPD | INCHES OF WATER LPM, KTPD | INCEES OF WATEL
5 o | 5 ' — .22
125 - e 125 — . &
Sty -1,25 So -1.25
300 — 2 300 — A2
Se& -2.0 ~ [ -2.,0
'FOST RELATIVE HUMIDITY STATIC FLOW CHECK &-2%-73
2000 PSIG INLET 800 _PSIG INLET
MASK FLOW:-| MASK PRESSURE MASK FLOW | MASK PRESSURE
| LPM, NTPD | INCHES OF WATER | | LPM, NTPD | INCHES OF WATER
5 - — 4 5 — 2R
125 — 4 125 — s
e -1.25 _3Bec -1,25
300 - LS. 300 — -5
59 -2.0 25 =2.0

Verified by: _‘._D_ Q . %h:_ &Sﬁ__

A e e gy (et ae g - ok

R

by o ez

e
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ER~-1027 i : SRR ' Page _1 of
Appendix A ‘ ' - '

DATA_SHEET # 12

CB/N 22 ST

S/N 2z

Date £-21-1

—

Temperature

Barometric Pressure __

TEST: ' SALT FOG

Paragraph:_' 4.16.1 %_Equemué\%s. Prea, A .2 A

'~ PRE SALT FOG STATIC FLOW CHECK

2000 PSIG_INLET | 800 PSIG INLET

MASK FIOW | MASK PRESSURE’ MASK FLOW | MASK PRESSURE

LLEM, NTPD ! INCHES 0i* WATER o -__L:PMJ ‘NTPD |.INCHES OF WATER

125 .o ] T 12s §

ste | -1.25 . Bee | . .-1.25

300 o2, ' 300 -\.2 s

P -2.0 &25 - ~2.0

POST SALT FOG STATIC FLOW CHECK

2000 PSTG INLET - N I 800 PSIG INLET .
MASK FLOW | MASK PRESSURE - MASK FLOW | MASK PRESSURE

5 — A 5 | —.38
125 - S {125 —.730

LPM, NTPD | INCHES OF WATER | | LPM, NTPD | INCHES OF WATER |

o -1,25 ' ' 2,00 ~ =-1,25
30 i - S - 300 e N2

RS- _ =2.0 b ezo | -2.0

Chamber Data: Date _&-2% -3 Time in G zes Aey ’I‘emp.t O, e

e - - Bate ({3

M3, Time out. SRS Temp., D8

Humidity __ 9<% % R. H.

Test Equipment: .oy \, ‘5,"1, ™~

J

e “pested by:’

verified by: ‘aud & B, A~ -

%,

e
b

%

R R R e
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ER-1027
Appendix A

" Page _1 of 2

fihs

oy

i l | ' DATA SHEET # 14 7
| P/N 272G ' ' ‘
. 8/N 2
Date _9-7-713
] Temperature — Barometric Pressure _ — .
g TEST: IMPACT SHOCK _ :
Paragraphs 4.16.3 fgea;agea;aéji 35 ThaAa,, 43RG 3
PRE IMPACT SHOCK STATIC FLOW CHECK
2000 PSIG INLET . 800 PSIG INLET 8
MASK FLCW | MASK PRESSURE MASK FLOW | MASK PRESSURE i
| 1.PM, NTPD | INCHES OF WATER LPM, NTPD | INCHES OF WATER
i 5 - A 5 . 2o
125 =S 125 —. &
I 520 ~1,25 Se -1.25
[; ' 300 e B 300 —. 9.
L Sxo "*2. 0 v P -2.0
POST IMPACT SHOCK STATIC FLOW CHECK -
: - \V<:C§ﬁi' ;;\=>\~) 5 S
2000 PSIG INLET _ - _____ 800 PSIG INLET —
MASK FIOW | MASK PRESSURE MASK FLOW | MASK PRESSURE |
LEM, NTPD | INCHES OF WATER LPM, NTPD | INCHES OF WATER
7 5 - % -} - . '.'.S"". - h ) s ..—‘_ .
125 A 125 . §
e -1.25 | ~1.25_
300 - _300 B C
) “20(} -200
' Pest Equipment: 5,9
R‘E\\‘H ¢
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ER-1027
Appendix A

Visual Inspection

'

Shock
Shock
Sho ck.

Shock

ﬁhock

Shock

cameh ke o

//f\—.' -

Requirements:

1 ) Cohvinie. L@  SOPPES gut :
O Ram Atous Gaee AFY Boaoe c.mt-w.‘t-.s., AR
e) Cnuuone Summres AT WD .

& ’
2 o) C—“lku--oﬁ-e_ WA E WD L BFoRia '
w) Seorhern o= Q-*\\- VT R, I-.-c.-;..-n!-- S =EEID

3 '03 R T2 Traa, o CrviaaopfEsa P E BRGSO
) THuime e Boocmems  Adiae

4 VWP ARED e PPUR 05 Coflae-fumen  weatD Bireotho Acr—
The BeOT" oF Twasmisg,

Uatt
5 Cyimorma STEA? ofd.mmo § G waes e PR ey
AR AT, e s B e TR

6 "‘9 R BCRRnr S | S WA R m« CleaaFien €6 Pm.s..

m”e_ @;::ur-ﬂ;
B CNumbme  SuEFacs Q-,q«.m

< 'Fhsr_-r:\a__ mm pe»-m:. . '1'\....«.4 PLaLs By
Cenrame M : : )

d) .\ Sy e_oqw‘: c:c—}"i'-n.-s e.«..m.._.':» L= T a-.:ua..
CRLS o )

Tl £ty

e) leeer S oveuan ﬂ,‘#

Pm'nﬁ:u.*-q C_u“'r-. o i

rested by: | LOANTOw L - G Mo

_'..Ve‘:::'ified- by: Tk O = m_ |

e . *



———
R |

b

o

A--‘ i./_”.j N l N ) . - II -

: \Qva-' Eu L

e,

- 2000 PSTG INLET

MASK FLOW MASX PRESSURE
i LPM, NTPD | INCHES OF WATER
5 N ) '

125

300

““lﬂ ...P :

-2.0

—,

e ey e

-+ Test Equipment: et =\ 3.4

5

ER-1027 Page 1 of 2
Appendix A
DATA SHEET # 14
B/N _ 22
s/N __z
Date __\2 - -1 . :
Pemperature - Barometric Pressure =
TEST: IMPACT SHOCK
Paragraph: 4.16.3 S men o Thes 42 (g
) ; .
' PRE IMPACT SHOCK STATIC FLOW CHECK
2000 PSIG INLET 800 PSIG INLET ,
{ MASK FLOW | MASK PRESSURE MASK FLOW | MASK PRESSURE
L LEM, RTPD |- INCHES OF WATER LPM, WTPD | INCHES OF WATER
57 ‘*-—?E’a ) 5 * -~

125 ~ e 125 —\. |

o _—1.25 (5T - . =1.25

300 S 300 - b A~

Ao -2.0 9 -2.0

'POST IMPACT SHOCK STATIC FLOW CHECK . .

800 PSIG INLET

MASK FLOW
_LPM, NTPD

MASK PRESSURE
INCHES OF WATER

5

125t§

Rl cm ~

300

-1,25 . ... ,

2.0

R R - T

I

. . \
Ly S L MR A R R o e

s L

e AL L et it

Lt

it

.
Al Ak

N . 1
RN Gl R e g, o
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ER-1027 . o Page 2 of 2 ,
‘Appendix A : : : : T R

Visual Inspection Requirements: - . -

Shock 1 &) Shreve Lame Porems OFs
' 6) Grem Chums DRESoMNED G @O S O Prne,

’ ) Cormern_ VELAS PRI S
Shock 2 4 '

Lo R N SE RN CRadwss

‘Shock 3 BoTw- ek ’Fﬁcw-m‘*ﬁ_ St 4Ty

Shock 4 kaﬂsua/c’au:-u—% Cex .m-.u- (2 *:wn.-«...um SRR
\\V/
e S AR A e ji

i

' . L
Shock &5 q) Casoass ML R OAE Lt v s ERTE \WMM\_‘_& y
‘h> P hn, CSTem PoeEEo CPRSME  A2eD CoauD T
o L I e S

.
e

Shock 6 <) Chiumrmm Bewas VD @me s re-Te Whe ey Pimess

k) e TGS SEMmAred R S
: : : : 8_) TR I R mimsE  POTPER SN .

.
. )
. A
[ | /J

‘ .
i
\

z = ! :

o P . ' Tested by= n\{'ﬁ\m K. Domen e \\‘-‘7

Ver:.f:.ed by.= E;.,Q E . & b

" ORIGINAL PAGEIS SN
* .. OF POOR QUALITY R '

Ve e o S
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ER-1027

Page _1 of

- P/N

Appendix A

DATA SHEET # 15

2121 S

S/N -

2 .

Date

Temperature -

Ao -1, TTwaae A2V

Barometric Pressure ——

HIGH PRESSURE HOSE TO CYLINDER VALVE CONNECTOR

TEST 3

paragraph: 4.19.1

e

TOTAL CYCLES

INSPECTION CHARACTERISTICS

500

© 1000

T

1500'

S, 7;Q3ﬁf‘f a}9w; 200&}

b l

2500 
"?_3090
- 3500
;;'4609:
‘asoo-

. 5000

VET ";'7?\\ s

L N =

s LWREEAgeRETE
[N \..s:-_nmct'w_-e

R iheia— = TTESlere  Cudtels
t__.ta-c-.ﬂ-..wt_ F::ﬁ.._m TuIRETas S,

= " Lé—-@g\fﬁaﬁ_—\'ﬁ
LWMW .

;‘;if"‘kf’) " f[

S
4 \@_-, Qe ;um_. R - ol
P “"maﬂ.e W,ﬂ\;f“-l-»w_,:. e P

. f/ .'
Test Equ:.pment-
{; S

L mor k?: R
AP

mmmmwm
-OF POOR QUA Ly

oa

. Tested by, ﬂc@/ W

7 Verificd by: ’Q ...Q Qﬁn«dg_

et %
S,

R

L

A R
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ER-1027
Appendix A .

P/N
S/N
Date
Temperature

2R
=
\O - A -

—

TEST :

Page 1 of 1

-LOW "PRESSURE ‘HOSE TO PRESSURE REDUCER DISCONNECT

' DATA SHEET & 16

Barometric Pressure —

Paragraph: 4.18.2

‘E;EiﬂgeabQ£5 ;1- T:}qasx ’4%‘L-“é*

TOTAL CYCLES

LEAKAGE (none-allowed)

. 500

1000

Tty LE—R-—\LP,(.;—E

B foriin A . K

LS \i=eamiiie © e CreeCr

i OBt S s RGNS eumn

~

LA O e CEEPEL TS |

e

Test Equipment: |, s+

=

oy
[}

X

\¢c> TDH*AM*H:, Ny S
GB-aueaL. B

| Tested by: M -

1;(‘ .
CD\\ra. I M \b-..-'\v,: T S

S
A

Y

. R »

-

2,

4

; .
l

e

M

T §> 2 -

e
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ER-1027 Page 1 of _1 f
Appendix A '
DATA SHEET # 17
P/N | 21z ~<—
S/N i
Date __ -z 512, - ‘ru- '=i -2
. Temperature Barometric Pressure  —
- TEST: BREATHING REGULATOR TC FACEMASK CONNECTION
' Paragraph: 4.19.3 SCaumess 4 ’pie_.‘h, AL 2
| LEAKAGE
TOTAL NO. OF CYCLES Inward Outward -
1.5 cc/min max 200 e¢c/min max
500 o O T LSOy N
1000 ko TS e N
1500 e TETE
2000 T o e O are
2500 o st e
g‘ 3000 v e X
’ 3500 oo i _ ¥l o : ) . '{E
. 4000 e n—e
4500 wews . Yot B
5000 b - 2((1[‘.'-&“_3 ”" o . . \:
"« Test Equipment: Lisr e

.o

: [ | Pcst—;'rest;_' Inspection:

| ORIGINAL PAGE 1
OF POOR QUALITY

i

M

<§ \.Mu By Eﬁ'r“"' SAOE O TeD o =L

)\3‘5,_”,,,_ L (RO TG es DO 1o OT gwiltn Ry ion SIS e, AT
Vb SREAe

- at) Blad-s ARC Y tubsn G@chuiem BN WHAS s WS Cwe s, SRRy
BUT SR, PR SO M ATl b D b S T IR TR, P

Tested by:

Vorifiod by:e M

1.

-

T



ER-1027
Appendix A

P/N 2712715

DATA SHEET # 18

S/N . 2

Page- 1 of 1

Paragraph: 4.19.4

Unit Performance:

Post-Test Inspection:

Cda -

~

%ECQ\.J = CAEE 4~ YA AAL AL

v Acceptable

TR RIAEA

OF ¥

_Tested by: W

- l""'ﬁ
Verified by: ‘—c’*—g

T AT T **AGD 15

.‘,, L e \J.I.I-J-J

Date (©-~V -2 S  te -S[-73
Temperature R : Barometric Pressure —
.TEST: CYLINDER MOUNTING IN BACKPACK

Unacéeptai:le

cPusere =rewrs CEAOUEC  CMUSDER  motenerLy
Coptam  Bem TOP. TImWES  AereseT

VIS ST e (B

pTIFY

2 Qo

4

3

1',1
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ER~1027
Appendix A

DATA SHEET # 19

Page 1 of 1

P/N __ 277271
s/N 2
Date 10-v2 .2
‘Temperature _ % "% Barometric Pressure __ 1472 vk bhe o
TEST: OPERATIONAL CYCLING
Paragraph: 4.1%2.5 TEces mroces @ AP N AL
: . 'ch—_ ~ ===t
INHATIATION MASK FLOW '
2000 PSIG INLET 860 PSIG INLET
MASK FLOW | MASK PRESSURE MASK FLOW | MASK PRESSURE | *
LEM, NTPD | INCHES OF WATER LPM, NTPD INCHES' OF WATER
5 — =72 5 Y —, S
125 =72 125 PRES
SN -1.25 Losa -1.25
300 - 300 — S
S0 -2.0 10 -2.0
EXHALATTON MASK FLOW MASK PRESSURE
IL.PM, NTED INCHES OF WATER
2T =22 4
‘Test Equipment: L.a=-+ % 1,3 9
. . N e Y Y - 4 ¢ -8 . " Y - . - - o
DEPLETION ALARM ACTUATION _87C  psiG.
E ) LEAKAGE (none allowed): o=

. Tested by: MW
Verif:i.ed by s ’;—?\-—QQ Flow-q.— 7 _




ER-1027
Appenrndix A

DATA SHEET # 19

Page

1l of 1

0

P/N 212.%
S/N 2
Date W e |
Temperature — Barometric Pressure _ —— |
TEST: OPERATIONAL CYCLING , |
Paragraph: 4.19.5 ’:SEC\,M =g A %_A‘_ AL A - _ 1‘
TrhaetT SO0 A= "T'~E‘:$> Lo i
INHALATION MASK FLOW |
2000 PSIG INLET - 800 PSIG INLET -
MASK FLOW | MASK PRESSUEE MASK FLOW | “MASK PRESSURE .
LPM, NTPD | INCHES OF WATER LPM, NTPD | INCHES OF WATER
5 — - 5. - — S =
25 ~- S8 125 S~ C
P -1.75 Fn, EXXs ~-1.25 :
300 —tzs Y 300 L\ A
Qo -2.0 S0 -2.0 ‘
EXHALATION MASK FLOW MASK PRESSURE
LEM, NTPDY INCHES OF WATER:
% ,,,,//’/V) V . LT ‘
25 ] A
STO o i 2 2 =1
Test Equipment: \isT * \, 3_§
- s [ S L . ..‘. B I ] —; B s - 4 - ‘ - a8 -

' DEPLETION ALARM ACTUATION _&6:€3 _ PSIG.

LEAKAGE (none allowed): Nows

_Tested by: Mé}/"t
Verified by: Q,Ul %&zﬁ:__




}
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ey ity ru-:- i - i — - _ . Ili A

e
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ER-1027 .
Appendix A . e
i . b

B/N 272715

|\
DATA SHEET 3 20

'Page 1 of 1

sS/N 2

Date OG- & ~“7'}

Temperature Barometric Pressure _ —~——
TEST: PURGE VALVE

Paragraph: 4.19.6

Do m—as 4 Fhea 446

Test Equl.pment Loy = 1,8 ,

- Post-Test Inspectlon- N A N

Tested by: _M

| ’LEAKAGE .
TOTAL CYCLES (none" allOWed) -
" 500 " e we
1000 e
- .
1500 Ve
2000 NC: L=
;, 2500 Yoo
3000 \~3C: -=
3500 Nowe
4000 \doo.;E
4500 A‘\"k; "y NG
: ¢ ”0“‘%;'. Lo .- e PR
5000 Nowe
‘ ‘* ﬁ( . M"%K; Q x( *ﬂ':t ’Q;-*i’ﬁ"x.;ha Ty e t_'_";f-.q .S e r-;?- i v
T Prte= MB%G-F—O :

ze

Verjfmd by : }JQ [ ”Q—

A e e

’.c_\.ﬁ:\__'-,m i
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ER-1027 Page _1_ of 4
i Appendix A
,_ DATA SHEET # 1 7
i
: P/N 21215
n S/N ___=2.
~ Dbate _i\-2O-13 :
l - Temperature — Barometric Pressure _ 7~ »
TEST = FLOW REQUIREMENTS
= . * - _"_: r . — >
' .Paragraph: 4.1 @eq\_-,"cs_»—\tﬁ < _Prsca,a. AN\ B
l 4.1.1 INHALATION INITIATION | "
' ‘Parameter Required Actual
I Step (3) Leakage 2.0 scc/min. max.'_- G -
_.‘: . N N = i . . ﬂi‘
Step (4) Fléw Initiation @ -0.1 to -0.5 ST B
' . 4000 psig inlet inches water |
Step (5) Flow Initiation @ ~0.1 to -0.5 R
._! 1000 psig inlet inches wateér ' gi
" step (5) Flow Initiation @ -0.1 to -0.5 | _ . aao 5
570 psig inlet inches water *‘
‘Test Equipment: Lt“—fr*“zlc\ » ]

B~ o

o



!
J
Y
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el . R
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ER-10

27

Appendix A

49102

INHALATION FLOW AT INTERMEDIATE AND MAXIMUM SPECIFIED

Page 2 of

NEGATIVE PRESSURE

Aty

Resulting Flow

Parameter LPM,NTPD
Step (3) Flow @ —2.0."inches S
: water 4000 psig inlet '
| S"tep (4) Flow @ -2.0 inches
- i o
water 1000 psig inlet AT
Step (4) Flow @ ~2.0 inches | ;
' water 570 psig inlet Seo
-Step (4) Flow @ -2.0 inches 2 A
water 100 psig inlet o
L step (5) Flow @ -1.25 inches ‘
TRy " water 4500 psig inlet 2@(3
Step (5) Flow @ ~-1.25 inches R
water 100C psig inlet 259
- Step (5) Flow ®,-1:25 inchest: . |- oy
TR water 570 Dsn.g inlet o -
r‘trl “,5_‘ o
- Step (5) Flow @ -1. 25, inches << |+ aes
S wai,er 100 psxg 1n1et N IR
Test Equipment: Lasvr™ A § 1




;
' A
ER-1027 " Page _3_of _4
Appendix A . _ :
4,1.3 - EXHALATICS INITIATION & STATIC FLOW B
Parameter ' Requirxed Actual
Step (3) Exhalation Initiation 0.1 to 0.5 x O .2
R o _ipches water
N - . . ” . g
Step (4) Exhalation Flow @ H 257 LPM NTPD 2, &0
" 4+2.0 inches water minimum
mask pressure a
Step (4) Exhalation Flow @ 1 <476 LPM NTPD S
- +4.0 inches water inimum -
mask pressure N i
Test Bquipment: . ox ™ ), 2,9
‘ : ' lj\'\._‘ /"\,
z‘] T /t{,
r W y




poer
|

-
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ER-1027

8

Page 4 of 4
- Appendix A
)),
4.1.4 DYNAMIC FLOW REQUIREMENTS
\\ o
Parametex Required Actual
‘ Step (3) Peak Inhalation -1.25 inches —\.A
e Pressure Water Max.
- Step {3) Peak Exhalation +2.0 Inches
B Pressure. Water Max. + Lo
Step (3) Low Pressure Alarm 880 to 830 &R XD
' Actuation Pressure PSIG :
Step (3) Total Time from N/A V'S vz
- . : . S e,
High to Low Cylin-
der Pressure
. Step (4) aak Inhalatlon -;2..0' inches' _‘20
: ' Pressure Water Max..
Step (4:‘) Peak Exhalation +4.0 inches ~1, q
. Pressure Water Max. i
' Step (4) Low Pressure Alarm | 880 to 830 &5 ‘:
' Actuation Pressuge PS1G e
Step (4) T?tal Time »from. N/A ("’g.,__‘:;l_?ﬁ_
: High to Low Cylin-
der Pressure
' ey
Test Equipment: ‘v 2 2 4,4 4 K, r 8

Tested by: Wﬂm
Verified by: '?.J\P ?;“,SX'—‘

PR=EY

AR Y ey

A ST e i B L B




L 1~..n.._».l.\: .A.,ﬁ.v

il

V'SR NI G2IN{Yd

w2 g g s A AR aﬂs Al 1\_,.’...?.3,2 s 5} el

OIK0 "0NVI13A3TD

dild sl FREA)

i

111.
Ihe .

— “
17}
o
N =
1]
£ .
4]
T 0
o >
v~ e
W
o 5 J
) 7.
o 0O
v o .
[ v
, i
T H
e i
[
5 £ o
77 o]
0w W
U O
3] (]
P%m
=) N
0 Q
mna
- O

o
-_"‘
|t
]
—"-‘-‘
-
--"‘1
]
e
o
R
e A
[
iy
S Sy
g

L
¥

e e s

v
ek S

__ ..41.._. ..:4.

i ::: HY

N
am

fe
iad Y

r

_.J AAERLLIS N

B

R

Peak Flow & Mask Pressure

Dynamic Flow Requirements
257 LPM Peak Flow

Purge Valve Cleosed

73

{

12/3/



SERCE

PR WA B £ it

"—"‘ﬁk Faany Ciais
T e e

ER-1027 Page 1 of ¢
Appendiyx A :
~ DATA SHEET 4 2
i Ce
B/N_2021S
S/N 2. ,
Date _H—Sm—=4" 2 -5 -5
Temperature . — . ” Barométric Pressure __ T
TEST DYNAMIC PURGE CAPABILITY
paragraph: 4.3.1 SEruEmsceE ST Phes 4SS
Parameter Required Actual
Step (3) Peak Inhalation 'f1.25 inches __\_7a¢j
I Pressure . Water Max. L
Step (3) Peak Exhalation ) +2.0 Inches “ 2>
. Pressure Water Max. .
_'Step (3} Low Pressure Alarm 880 to 830 ST
: Actuation Pressure PSIiG :
Step (3) Total Time from N/A ST T SEC
High to Low Cylin- i °
der Pressure
.{ step (4) eak'Iabalation -2.0 inches | ﬁ;2 &
o -'Pressuﬁé Water Maxu S
Step (4) Peak Eﬁhalationf'- ‘+4.0 inches ) -&llifﬁ o
‘.Press%;e - Water Max. : o
Step (4) Low PréSsure Alarm '880 to 830 Hs s>
' Actuation Pressure PS1G ' o
Step.(4) Total Time from K {;N/h 2 ™A\
High to Low Cylin- KA IR
a der Pressure '

Test;__ Equipmen_t: .L\.5T*' 2,4, 9% (41

k1

U

——

LC-;/

S, le, &

el e



ER-1027
" Appendix A

P/N 2721

P

sS/N TL

Date

L BOY-TRS

Temparature

TEST:

-
S
—

Page 2 _of

'"bhga SHEET # 2 (continued)

Barometric Pressure ___~— _

3

A

T4.3;2

STATIC PURGE CAPABILITY

Paragraph:

CeEuEma=. § vPhea. 4SS

PARAMETER

REQUIRED

ACTUAL

step (3) Flow at 4000'psig

cylinder pressure

3500

111.2 LPM NTPD.

vie

3000

\1S

_.VTO

- 2500
-.2000

e

1500

16

1000

Ao

800“1

260

500

Al

) ald

100

Testcd lw. M .

- Verified by:
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ER-1027 Page 1 of 1 '
Appendix A B
DATA SHEET # 7. -
| R S
P/N 270727\
S/N 2 ‘

1 2 -1

—r————

Date
Temperature

Barometric Pressure

SYSTEM LEAKAGE B
: - :T B " - b . Yy

hea As, s,

TEST;

Paragraph: 4,13 S =Ceoesmyos s S

Parameter Required Actual

No léakagé T v

l Step (2) System Léakage

3

)

T o

. Tested bysU'

Wori Find bue qﬁihjl

[ i

8
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ER-1027 . | Page 1 of _1

Appendix A

DATA SHEET # 21

B/N | 272
s/ 2
Datél Wi - 2o s

Barometric Preéssure

VRt Rl

Temperature —

TEST: _, ___LEAKAGE (CYLINDER VALVE/CYLINDER AS.ZMBLY)

iR - ‘ - o
Paragraph: 4.21 %E@uaw«qq& = %A A .S

“u

“Potal ].'éakage: D ~ | ce/24-hr.

e

ﬂg@ikage Rate _  T>  cc/hr.

- (0.5 cc/hr. maximum)
i
‘Test Equipment: Liev ™in
¥

Tested 'by.:‘ W W | _

uérifmd b RJJ? &e«.?’(—\
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ER-1027 ' Page 1 of 1
Appendix A :

DATA SHEET # 22

P/N _22\20S

S/N 2.

bate (\-"20 —713 _ _

Temperature _ — ‘ ‘Barometric Pressure

TEST = ACTUATION (DEPLETION WARNING DEVIC_E)

Paragraph: 4.22 SEQQE\-..,Q&'—_‘- < Than A5

[
1

Actuation Pressure  BSSO _ PSIG | |
oo . {880 to 830 psig required) . .

. ° . : .

- . N - ‘

L : I'{emax‘kss IR . B = |

g

Test Equipment: L e ¥

!- ""5 ! I
ML L

Q-

i/ B

o

Tested by: W &Z é_ o
: . ’7 Vol GH
Verified bv: Y 0 &2 Hoo ‘ .
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Appendix A

B/N 2021
S/N 2

Date \\=2O-T7J72

Temperature —

g

DATA SHEET # 23

Barometric Pressure T

TEST: SIGNAL FREQUENCY AND INTENSITY

Background noise level b2

 Paragraph: 4.23 S(EC(:\.:EM e ST vhEs A &)

dBn

. LPM, NTPD

MASK FLOW

SIGNAL_ INTENSITY
dB (70 to 90 dB
required)

SIGNAL
FREQUENCY
Hz

g‘q

Test Equipment: L,y %

‘f d’\d '2(.‘( 4% .

Tested by:




ER-1027 | Co Page _1 _ of
Appendix A '

DATA SHEET # 6

B/N __ 27205 | :
S/N 2= ’ =2
bate e  \2. - 112 '

Temperature _— L Barometric Pressure

PEST: OVERPRESSURIZATION PROTECTION

. - (’\ : -
Paragraph: 4.12 s ¢RI Y — X N ol R AN ’—‘ggm;zp, A .\

PARAMETER . REQUIRED | ACTUAL

Step (4) Burst Pressure 00"_5000 PR
Frangible Disc . _45 PS16G, B A O

= _..‘ag

{,.-::: H.

\.A-v—-—_.\

/ e _4\\
4 ‘)\ B .
C e -

Test Eqﬁ\/pmenb Va5 | 37

*

R

SR TR e

Tested by: M OM

B
e

=

p—cimis
A S
_—

\)nn\‘: £t Yusre \') G D K M\ A_

M‘i‘:‘wﬁﬁﬁ_ﬁ, . sz
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ER-1027

" Appendix A

/-
s

DATA SHEET %

8

Page _1 of

P/N 221

s/ p

Date _ii- G S

Temperature _ Barometric Pressure e
TEST: _ PRESSURE GAGE ACCURACY

Paragraph: 4.14 SEauEmmaE & Faeme Ao (. 2

Increasing Pressure:

‘Gage Reading Required Actual

10 x 100 psig 1000 + 225 psig T

20 x 100 psig 2000 + 225 psig) it

30 x 100 psig 3000 + 225 ps%gV 2 B0

full _ 4000 + 225 psig 2 CC

45 x 100 psig ~ 4500 + 225 psig A2 SO
_Qecreésinq.ngssures_

Gage .Reading Required Actual

10 x 100 psig - 1000 #7225 psig 4SO

20 % 100 psig 2000 + 225 psig Ao

30 x 100 psig 3000 + 225 psig {7 E3 00>

fall 4000 + 225 psig T e

45 x 100 psig 4500 + 225 psig AD KLY

‘Test Equipment: Ly »a

Tested by;;

Verificd by:
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ER-1027 Page 1 of
Appendix A "~
DATA SHERET # 4
P/N 271205
5/N 2- .
- Date _\2 - W1 e
Temperature - Barometric Pressure —
TEST: ___BURST PRESSURE i

Paragraph: 4.5

?S;Eff;\3€53n¢Q;E 7 R:%A&ggv 44F:7¢;

; PRESSURE POST TEST
COMPONENT (PSEG) INSPECTION
.| cylinder & Valve 11, 250 Po Drsuee
U Assy. : - '
- ,
\ High-Pressure Hose 11,250 b Orvvecs
3 . X :
B . : - .
Pressure Reducer ~-= 11,250 ‘V?C3 Omramase
{high-pressure -
section) % '
= = - . ]
Pressure Reducer 312.5 LN RS
{low-pressure
section)
Low-Pressure Hose 312.5 e =
7 : - o o
Breathing Reaélator J 312.5 \\Qc3‘33&&a#4qﬁﬁ'
‘Test Equipment: | ex * 3 _¢(, B P
. Tested by: ot ,
[ Wamws 1A Tere - : 0 D Q ’-F
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Engineering Report No. ER-1039 o R 1
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Faceplece-to-Face Leakag.@ Development 'l‘es_\.
Paragraphs 4. 24 and 4.25 1ER—-1027)

3

% ) : : : : : . R LG

| ] : : Firefighter's Breathing System B

pated: 14 ‘February_‘ 1974
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ER-1039

* INTRODUCTION

Page 1

Inward leakage sealing characteristics of the

Firefighter's Breathiny System (FBS) facemask

‘were determined éxperimentally by utilizing a test

panel b£-16 séiectedAsquécts, exposing each to a

'*challenge atmeosphere while wearing the mask and
'1.&etggmininglthé_amouht of challengé=étmospﬁere o

- leakafe into the mask.

¥

Outward leakage sealing characteristics of the mask

were determined experimentally by pressurizing
the spacé betweén the subject's face and mask to

a given-levelvabove ambient and measuring the

Moutward'flow of air to ambient.

The tests, procedures and,setups:are‘déscribed'in .

~ Scott Engineering Report No. ER-1027. .. f

BB T e e B G AR D s A L e e e 2
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ER-1039

Page 2

2.0 CONCLUSTONS :

*

1.

7

0f the l6-man panel, 9 had inward leakage rates
greater than 1.5 standard cubic centimeters

per minute (sccm) while at rest. When taiking,

'only 5 subjects had 1eakagé rates g;éaﬁer than

1.5 scem.

The highest inward leakage réte was 4.6 séém
while the subject'(ﬂo;.16).was-breathing at

én average rate;of 12.3 liters per min#te {lpm}.
This very low level of leakage would pefmit:

working in a contaminated atmosphere of 2600

.times the 8-hour Threshold-Limit Value (TLV).

The FBS facemask provides a protection factor
of better than 2606IWheﬁ‘tested‘with 16 subjécts
fittinglfhe éritéria ofithe.Nétiohal,lnétitufe'i
of‘océupa%ional Safety and Health (NIOSH) for

' b, o . o
a panel representing a range of typical male -

. full facemask users.

Outwardjleakage results indicated that 5 subjects

jhad rates éreater than the réquired'200_sqcm:

at 3 inches of watef_(“sz) pressure.

L NSNS s B e
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ER~1039

s,

Of the 5 subjects with outward leakage rates
above 200 éccm, only one ( No. 24, the individual
with the smallest face) has inward leakage

rates above 1.5 sccm, both at rest and jtalking.

B

TR LR T g RN PR S
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ER-1039 : . Page 4 é
I 3.0 TEST PROTOCOL AND_RESULTS ) "
3.1 - Inwardeeakage fParagraph 4.2%: ER-1027) ;
J‘: 3.1.1 Procedu;g %. i
]; The fest‘procedure consiéts of exposing a test %N
15 rsubject, wearing the test mask, to a challenge %
o _afmosghere containing a controlled amount of E
helium, and tﬁen measuring the amount of helium j?
W . %
r ’ E | lé%fing into the mask. The test ‘setup is shown ?
B ' in.?igure 1. o | " i%f
| §
bTheAdétailed procedure fo%lowed was: i
| © Invard Leskase (Facemask)
"HOTE:. Appearing ianppendix B'éf thié procedufé | § E
) is a:ré;o;ﬁltitled “Analysi$ of Utilization : }
1 :' ;J "Nb - of Helium Leak Detector tc‘Measure Face i
'Mﬁék Léakége“Q (This‘répd:t'givesldétailed | |
infbfmation.as‘tb derivation Qf»me#hod; Z i
_and‘techﬂiques used;to.détermine inward :

B (1 Calibrate the helium leak detector using a

i

16 PPM concéntration of helium in air. =

i
- l- o _1 | o leakage.) g
' | |

[
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. " (2)

) (3) ..

" (4)

()

Page 5

Place the facemask/breathing regulator

i

assembly on a user and complete the setup
shownkin Figu:e 1. |
Evacuate the'plestic beé by squeezihg or

by vecuum and then flood witﬁla gas mixtdre %

of 9 parts air and 1 part helium by volume.

After a short period to alleW'the sysﬁemﬂtc

reach equilibrium, measure the inward leakage

shown on the leak detector thch_is saepling
the subject's exhaled gasee and convert to a
rate in sce/min. This rate cannot exceed
1.5 sce/min.

The-above test should'be repeated once each

”;on a panel of 51xteen (16) subjects selected

by the- fac1al charac{erlstlcs of “face. length

and width according to metnods derlved from:

(a) ~ "LASL Respirator Test Panel Représentative”'

of U. §. Male Facial Sizes" dated 1972,

conducted by”& s Alamos 5c1ent1f1c ‘

.'Laboratoﬁy, ﬁvat/ 'Hack, Moore & Richaxds.

(b) "Anthfe;a?etry'for Respirator Sizing"

‘Final Report April 30, 1972, Webb

————
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(6)

confirmed the 5 ppm background level.: Using-égﬁ

i :challehge atmésphére df:l0%*hg1ium_(iou;OOO ppm)

McConville, Cﬁﬁrchill & Laubach.

(c¢) A 1967 USAF Facial Dimensions Study."

Note: Appendix B referred to above is

Scott Engineering Report No. ER-1029 and

is briefly.summarized below,

Helium concentrations in all géé samples - 5

challenge, leakage and calibration -~ were

TR

A

determined using a VEECO helium leak detector.
The VEECO is a mass spectrometer system;

Figure 2, which senses helium partial pressure

S el T AR MR e

and is calibrated_tq”read helium concentrations

b e

in parts per million'(ppm). 'Calib:ation gas
concentrations were chosen to be 5, 20, 35
and 50 ppm, in addition:to the.16:ppm noted -

in (1):above._ Ambient aif normaliy has 5 ppm :

1
Page ©
Associates; .Yellow Springs, Ohio. :
4

helium at all times. Calibration runs with

helium.additions.of 11, 15, 30 and 45.ppm

permitted ready detection of inward ledkage

rates of less than 1 scem.
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(a)

(b)

(e)

(@

_ 1
ER-1039 - page 7 s
To assure accuracy, the VEECO was calibrated‘ ;

between each subject. Comparison of day-to- .= !

e e e

day raw data established repeatability. The

VEECO system can detect changes of less than

e R N

1 ppm of ‘aelium. Since for these data the
interest is in delta values of 15 ppm, there
is an implied accuracy of greater than 10%.

i

The referenced report provides detailed

B W i e D g X R S

expland%ionimass spectrometry sensitivity.

s .

For example, subject #16 had a breathing fate

(respiratory minute volume) of 12.3 lpm and

leakage of 42 ppm at rest and 19 ppm while .

ot n i e St et S A

taiking.- Theﬂ;ggbective‘leakage rates are: = -

. (ebserved ppm -5) x breathing rate x helium dilution x )
"conversion_factors.% leakage rate in_ sccom. =5 ;
(observed ppm -5) % lpm x 10°% = scem leakage. -
(42-5) x 12.3 x 10 x 1000 = 4.6 sccm. : . o
1,000,000 - 1 I - R T

. -'}::;___‘{:}1}-} . : . :

(19-5) x 12.3 x 10™% = 1.7 scem.
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| ER-1039 .
Para. 3.1.2 Taest Results Fage 8
M"léff"f"
— —— LERKAGE
, RATE AT REST TALKING
NAME NO. DATE LEM PPM | SccM PPM |, SCCM REMARKS
Paul Bement 1 9/14/73 12.2 9 0.5 6 £0.5
Gene Giorgini 14 9/14/73 | . 14.0 13 1.1 13 1.1
John Sullivan . 20 9/17/73 10.7 24 2.0 19 1.5
Caxl Erbach 9 9/17/13 11.1 % 13 0.9 .| 0©.8
[: Joe Trinkwalder 5 a/13/73 14.8 23 2.7 19 2.1
 Ray Rusek 25 9/18/73 14.8 23 2.7 15 | 1.
{ Dick Kaczmarek 30 9/18/73 10.7 32 2.8 14 0.8 -
Henry Filipiak 31. | 9/18/73 13.3 18 1.7 16 1.5
Dave Lechner ‘19 9/19/73 10.7 34 3.1 20 1.6
[ Buster Eidenier 24 9/19/73 8.5 32 2.3 28 2.0 Facepiace pulled ve:y
(smallest face) {Hand held facepiece prior to ddta : tight; subject uncom-;
- ' ' to get leak rate down.) fortable.
Bob Planter 16 9/19/73 12.3 l 42 l 4.6 19 1.7 Finger pressure in
2 . {Despite tight straps, leakage above. cheek area
-~ desired value of 1,5,) : . :
Pat Griffin 21 9/20/73 | 13.1 | 15 1.2 14 7 1.1
i Rolly Flick 13- | 9/20/73 14.4 | 15 1.4 16 | 1.6
Elmer Grimm 12 9/21/73 12.6 18 1.6 12 .9 Mask pulled very
= (Unable to get positive pressure seal.) ’ tight.
RS Noxm Laschinger | 18 |- 9/21/73 .| 13.4 | 13 I 1.1 e | .4
[’ {(Unable to get above 1" Hy0 pos:.tlve
pressure at 200 scom.) ‘
. Tom Cleary 32 | 9/21/73 | 138 | 10. ] .7 & | s
| : )
b
11
i 3 . -

B

B
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Page "9

Discussion

Breathing rate was@etermined by recording the total
air consumed by a subject divided by the duration
of consumption.. For shor£ periods during the teet,

the sﬁhigct was asked to force ventilate; this latter

\ .
Tate was ﬂpt measured.

. \.:Al\i"':. .
During the test, the subject remained at rest except

for shoft periods when he was asked first to talk,

second tc force ventilate, and thlrd to 1nduce a

leak. Prior to the test, the subject adjusted the

mask and then if there was leakage 1nd1wated by the

VEECO, the subject readjusted the mask WJlle in the

_ challenge atmosphere.

‘The data'recorded_"eﬁ rest” was taken aftexr the

VEECO readings had stabilized. The “talk" readlngs

followedrthelﬂat rest” data. At the end of the

- test, the individual was asked to induce a leak to

further verify that the measuring system was operating.

‘(There were no failures of measuring the induced

leak. .It is of interest to not~ that indication of
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ER-1032. | Page 10

leakage - meter going off scale - occurred within
seconds after the leak was indﬂced.)
Leakage at rest was higher than léaﬁaqe while

Ji

talking for all subjects except onéf(#lB). The

)
e

RN e i

(s

lower leakage while talking is attributed to the

A

~ seal constantly being moved and being resealed on :

a dynamic face.

None of the subjects had either hair or unusual
features such as a scar or crease transversing the

gealing area of the mask. Subject #24'had the smallest

P

face, still w?ﬁhin the limits of the NIOSH panel

=

P

- |

tightly to face tqiefféCtjtherbagﬁﬁseal. For two : 4

requirements i, For this test, the mask was sealed . 4
v : =5 :

cases, the mask was pulled-tight_enoughgto be mildly

NS varrg

uncomfortable, which was noted in Remarks. It should

56 noted that a specified leékageléf‘l.sws§§m for, é
A : : . 2

a breathing rate Of 10 1lpm represents a 0.015% .
' R T R 1

leakage or an equivalent protect%on factor of ;v%> ﬁ
6600. o Y i 'f
_ _ jé ?
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J Page 11

Outward Leakage

Procedure

Pressure above ambient is applied between the subject's

face and a specially modified mask. Leakage outward
to atmosphere is measured. The squeét's breathing
is isolated from the pressurized volume and does

not affect the leakage measﬁrement.
‘ 0
The detailed procedure from Scott Report No. ER—1027'

LR

is as follows:

"4.25 Qutward Leakage (Faéémasg)
ﬂ(l)“ Place a fgcemaSk. which has been modified
to provide a tube for the subject tb
inhale and ekﬁﬁie through, along ﬁith a
pair of'nQSE éinchers,_on:a subjegt B
.(FiéureA3). | o
" (2) sSlowly intreaseﬂthe internal mask pressure
to 3.0 inchés.of waﬁer;
."(3)f Noté and:iecdfd the.amounﬁzofigas floQihg

fé:::\\ l‘. . 7 .
oo /into the mask shown on the flowmeter.

This amount should not exceed 200 scc/min.

”(4)-fRapeét_the,above-test‘for each of the sixteen-

B

: S v ' . '
- {16) subjects usSed to determine inward mask

 leakage in Para. 4.24.% -

i

Py )
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Discussion

Five of the sixteen subjects had outward leakage

greater than specifisation. As a refinement of the
: . Sl

test procedure, it was found desirable to record

either; the leakage at 3" H,0 pressure or to recd%d

the hlghest pressure that could be obtalned at 200

sccm flow. It should be noted that subject #9, while

recorded in the Ap column, meets the requirements ;

since the Ap necessary to cbtain 200 sccm flow was

greater than 2" Hy0.

Both subjects #12;3nd_#18; while having high positive

pressure outward leakage, demonstrated relatively::

_ _ . . . ﬁ.
low inward leakage rates. Both individuals have

very hollow cheeks.

)

i
3
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Page 13
" Hp0 " Ho0 @
NAME NO. [ DATE | CC/MIN. [OR{ 200 CC/MIN. REMARKS
Paul Bement © : | 1 | 9/14 20
Gene Giorgini 14 | 9/14 50
John Sullivan 20 /17 15
Carl Erbach 9 9/17 3.9
Joe Trinkwalder 5 9/17 i5
Ray Rusek’ 25 9/18 15
Dick Kaczmarek 30 | 9/18 40
Henry Filipiak 31 | 9/18 1% small face, mask
pulled tignt. -
Dave Lechner 19 {9719 | = s0 .
Buster Eidenior. 24 { 9/19 1 Smallest face, ,
' " ' ‘magk pulled tight.
W N i
i ) ;
Bob Planter 16 |\9/19 200 3
. . ) : . .
Pat Griffin 21 9/20 250
Rolly Flick 13 [9/20 50
. Elmer Grimm 12 %/2;‘ .2 Smailer Faée}
' mask tight.
~Norm Laschinger { 18 |[9/21 1.0 -
Tom Cleary 32 j9/21 506

:
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- Dayronw T BrRoOwIN wea

Testing Laboratones Dlwswu

CHURCH STREET, BOHEMIA L1, NY. 11716 _
AREA CODE 516 LT 9-6300

TEST REPORT No. ... DTBO4R73=1417
DAYTON T. BROWN, INC. JOB No. ...400173-00-000

CUSTOMER  SCOTT AVIATION
225 ERIE STREET.
LANCASTER, NEW YORK

SUBSECT ~ SAND,AND DUST AND DROP TEST PROGRAM -
PERFORMED ON ONE (1) FIREMAN'®S :
BREATHING SYSTEM, SYSTEM NUMBER 2

" - ATTENTION: Mr. P. Bement
This report contains: Three (3) Pages and Two (2)
- Enclosures
PREPAREDBY E. J. Blom é’%,
PROJECT ENGINEER | p, g, mauy /7) / / [{/
“ Don&ld J-E‘. '_ . S for y -
Depar_t;ixent .'I:=.‘.ia.iﬁe'_v_- o /&/// 2

R

DATE -~ i 13 September 1973 /

. THE DATA CONTAINED IN THIS REPORT WAS OBTAINED BY TESTING
< 3N COMPLIANCE WITH THE APPLICABLE ‘l‘ﬁST SPECIFICATION ASNOTED

S S el
ek

%
#




I

o | B i _ o ’

¢

Tt : Davron T Inows ive.
o
[ “ '
! I ,
% | o
| TABLE OF CONTENTS , - S
i I ' : : - :
f &
i ] "
i SUBJECT R B : PACE NUMBER ';
+ - conte 1 :
Table of Contents o 5
I Administrative Information 2 J Qi
: ’ . = 2 - 2
! General Test Information -
: : A ' 3
+  References
4 ’ 3
l - Test Program Summary
! Enciosuress-w_h_” ) . L L ST .
] (1) Sand and Dust Teet and Results 2 Pages
E o - {2) Drop Test and Results - 9 fages
% ‘ o ) ) » .
;E
- -
3

-J417 Pg 1



i

? ' 8
' . -+, ADMINISTRATIVE INFORMATION: R
% \\ Y \.:-
i ' Custoner: Scott Aviation
i Lancaster, New York
I c - | .
i ; : " Test Iten Description: One (1) Fireman's Breathing System
/I | _
! .
; i Part Number(s): None )

l Serial»ﬂumharféﬁz - System Number 2

.- Date(s) Received: ~5 September 1973
I Pate(s) Shipped: ~ 7 September 1973
' ) Customer Representative(s) Present During Portions of Test:

I 7 Name Affiliation

|. | Mr, Paul Bement ‘ ) _. B | Scott Aviation

l GCENERAL TEST INFORMATION

The test item was nonoperating during this test.
.‘ . The test item aucce‘ssfully completed all phases of testing. 'ﬁ
lw Test data rextinent to thia test” program will remain on file at

b e L

Dayton T. Brown, Inc., for ninety (90) days..
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REFLERENCES :

Customer Purchase Order Number 46505C
Dayton T¢ Brown, Inc. Job Number 400173-00-000
Government Contract Number Not Applicablei . ' _ .

Test Specification Sand and Dust: MIL=STD-10B :
v Drop: Scott Test Procedure TP ER-1027

TEST

Sand

"~ Drop

PROGRAM SUMMARY:

REPORT  _ TEST ITEM  DATE DATE |
ENCLOSURE- = DESCRIPTION. - STARTED . COMPLETED REMARKS

L

. " S - ; -
& Dust 3 - Pireman's Breathing 5 Sept € Sept See Report
: System - Enclosure

o

2 5 o 7 Sept 7 Sept See Report
Enclosure
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I TEST REQUIREMENTS
Sand and Bust Testing in acecordance with MIL-STD-810B, Method 510, Procedure I.
i3 " TEST PROCEDURE Nlth the unit pressurized to 4500 psig the following sequence of

testiug was performed,
Step 1. A pretest visuzl inspection of the test item was performed.

Step 2: The test item was ins talled in a tesi.chamber, no closer than four
inches from the chamber.walls or. any “Sther object or material capabhle
of furnishing protection. The test itelh was ordented so that the rost
vulnerable or cricical parts were exposed to the dust stream.

‘A4

.Step 3: Chamher cantrols were adjusted to maintain an internal chamber tem-
' perature of 23°C (73°F) and a velative humidity of less than 22 per—
cent. The dust velocity was adjusted to.l,750 + 250 feet per rinute,
S The dust concentration was set at 0.3 + 0.2 gr ams per cubic foot.
. ‘ These conditions wvere maintained for six hours,

/;’ :

Step 4: Dust feed was halted and the air velocity was reduced to 300 + 200 p B3

e

. feet per minute. The internal chamber temperature was raised to 63°C i
i ol ~ (145°F) and the relative humidity was adjusted to less than 10 percent.
! T _' These conditions were maintained for approximately sixteen hours.

Step 5: While maintaining an internal temperature of 63°C (145°F), the afr
b : velocity was raised to 1,750 + 250 feet per minate. The dust con-

centration was adjusted to 0.3 + 0.2 grams per cubic foot. These
. - : conditions were maintained for six hours,

f _ Step 6: Chamber controls were :urned off and the test item was pcrmitted to
i . = e XetUurn to s:andatd ambient conditiens,

‘ Stepn7: The test item was removed from the chamber and any accumulated dust
u wvag removed by brushing, wiping or shaking. _

Step 8: A post test visual inspection of the test item vag performed.

: . Step 9:  The unit was checked for p?oper operation._
i .. TESY RESULTS' ‘\

A Pretest Visual Ingspection o:’éhe test item revealed no anomalies.
f ALY teeting was performed within the limits of the referenced specification. -
A poet Test Visual Inspection revealed a (urface residue of Sand & nusc.

At the cocclusion of the Sand and Dust-Test the unit was stillpreseurized
S .

.. to 4500 PSIG.} : \\

i e e Co -1417 Eneal Ps 1
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TEST EQUIPMENT

. ‘ © TEST :
' . ITEM MANUFACTURER MODEL ‘8/N ACCURACY
| x | Sand and Dust Chamber | Tenney Engineering 4° x 10° {2656 -
1. l ’ » : Company ' ‘
! | ¥ | Temperature Bristol TE-1T500 (661087 + 2°F . ,f
! l Recorder/Controllexr F-3B - s .
| Density Tenney Engineerin.g " 565 7 4-19-57 | & 4% ‘
g Indicator/Controller | Company:
| . | Demsity , Dayton T. Brown 0 ¢o D.T.B. .
| o X | Indicator/Controller ' | Sgm/ftd |57-12 Data
' Anemotherm ° | Anemostat Corp. of 60 ~ipTB 100 to 8,000
' X ’ : America 43-3 fpm 457 ind. 3
X | Thermometer o DTB 39~ j-_ 2°F A
0-220°F | 255 .
' ' T o ' - |b.T,B. P
b Thermo Couple | Thermoelectrie 20 gauge + JI5°F 4
‘; l ] . . ) DnT eBn . ":_',! ’i;
| Thermo Couple Thermoelectric 20 geuge + .75°F B
l : BFEEY : P
: : Them_Cog‘]\}ple Thermoelectric = |20 gauge 4+ I5°F é |
: N . . : g . i |
l l ) . —' BoToBo - %% f
v Therme Colinle Thermoelectric _| 20 gauge 4 J75°F % |
R i 5 - ey a 1
' = N 2
. R
- -
: i3 /,‘ 5
’: ‘ O //
yd
. 1:4 -
j ]

* X indicates equipment used.
" Tast equipment utilized for the program reported herein wai within its assigned interval .ef calibratlon...
-22 Detaiis are on fila at Dayton T. Brown, Inc. and will :bc made available upon request,
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TEST REQUIREMENTS

]

SRR i b

Drop testing in accordance gith Scott Aviation Test Procedure TP ER-1027.

TEST PROCEDURE

wE . a

A Pretest Visual Inspéction was performed,

With the unit pressurized to 4500 psig, the unit was dropped from a height

N

" TEST RFSUL‘I‘S :

A Bost'Test Visual Inspection of the test item was: performed. .

_of six (6) feet onto a flat concrete surface, one (1) drop per orientation
«noﬁg@ by Figure 1 of this EncloSure.

A Pretest Viaual Inspection of the test item revealed no anomalies.

All testing was performed within the linmits of the referenced apecificationo

Post Drop Tests revealed the following results.

Post Drop"Number

1 .

\ 4500 PSIG.

Poat.nrop Results

(a) Gauge shield bent
{b) GCauge bent
(¢) Cauge glass popped ocut

:€a) Bottle RetainmerTab -
bent at:aight

(}) Cylinder Valve broke off

(a) High prezﬁute connection broke
off at the cylinder valve

(a) Bottle strap popped open

(a) Left shoulder and left ‘
} waste straps cut - ¢
~ {b) Breathing regulator dented :
(¢} Pressure Reducer cover open
(d} Five screws of pressure
reducer sheared off
{e) Dents in pressure reducer
‘ (Dented by Bottle strap)
(f)”“*gtleChas cute in it from bottle scrap and'
{ vressure teducer .
Y,

At the conclusion of the six (6) drops the unit was n:ill pressurized to

@

1417 Ene 2Pgl o
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Davyronn T BroWIN we

Testing Laboratories Division

'CHURCH STREET, BOHEMIA, L.I., N.Y. 11716
' AREA CODE 516 LT 9-6300

-TEST REPORT No. ..DTBO4R73~2100
f DAYTON T. BROWN, INC. JOB No...400293-00-000. ... v
CUSTOMER : « : '

. 1 scorr aviarzon
Y 225 ERIE STREET
_ * LANCASTER, NEW YORK

{ sussecT

Ny

DROP TEST PROGRAM PERFORMED ON
ONE (1) FIREMAN'S BREATHING SYSTEM

SERIAL NUMBER: 36

Tt L i,

ATTENTION: Mr. Havdg . -

" THIS REPORT CONTAINS: Three (3) Pages and One (1) Enclosure.

PREPARED BY K. Y Pellenz 3ﬁ -
PROJECT ENGINEER P, B. HéNally'//;, ﬁ/}ﬂ

b,

R é——/ ”/;_1'; ‘
26 December 1973 / AR

THE DATA CONTAINED IN“FRIS REPORT WAS OETAINED 8Y TESTING
IN COMPLIANCE WITH THE APPLICABLE TEST SPECIFICATION AS NOTED ,

Donald E. Schaefe
Department ¥anage

i)
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SUBJECT

- Table of Contents
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Date(s) Received:

C DavroNn T BRrow INc. J—

i S s ) -

. -ADMINISTRATIVE INFORMATION: .,
Lustomer:  geott Aviation ) ' S . _' R
' Lancaster, New York - . : o

IestvItem Despription:

One (1) Fireman's Breathing System

‘ Part Numbergé}: None

Sgrial Number(s) : 36

13 December 1973 .

‘Date(s) Shipped: 13 December 1973
‘§g§tomef Represgntative(s) Presgnt During Portions of Test:
Name B vAffilfation
‘ ‘Mz, Paul Bement . Scott Aviation L g

. GENERAL TEST INFORMATION S o
- U i

‘The test item was nonoperating during thi; test. f

The test item successfully completed-all phases of testing. Anomalies

noted during testing are detailed in the respective test enclosure.

\

Iest data pertinent to this test program will remain on fih@ at Dayton T, Brown,‘
‘Inca, for ninety (30) daysa '
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. REFERENCES: o

{a)
(b)
. (e)
(@)

. TEST

Customer P@EEﬁase 0r4ér Number  48185C

Dayton T. Broﬁﬁg_Inc. Job Number - 400233-00-000

Government Contract Number Not Applicable

Test Specification ﬂDfop: Scott Test Procedure TP ER-1027

PROGRAM SUMMARY : ' , o '

-

b}

} L ‘ . Lavyron TN HRowN INC.

. ° ' REPORT.  TEST ITEM DATE DATE |
TEST ERCLOSURE  DESCRIPTICN STARTED COMPLETED " REMARKS
- ’ ‘. . 3 R '
Drop 1 Fireman's Breathing 13 Dec 73  137Dec 73 See Report
T System S Enclosure
2100 Pg 3 ]
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ENCLOSURE 1
DROP TEST AND RESULTS
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-

Davron TBROWNING, i .

'TEST REQUIREMENTS

Drop testiﬁg in accordance with Scott Awi%iion Test Procedure TP ER-1027.

r

TEST PROCEDURE

A Pretest Visual In3pection was performed.

a o P— - | |

L

.—... . .“, . ®
.

In addition.to above anﬂmalies,

surfaces were noted. At the conclusion of the six (6) Drops, the uanit was
ltill pressurized but lower than 4500 PSIG. :

2100 Enc 1 Pg 1
. o . SR

‘¢¢:’ T
With the unit pressurized to 4500 psig, the unit was dropped from a height
of 'six (6) feet onto a flat concrete surface, one (1) drop per orientation
noted by Figure 1 of this Enclosure, . -
.A Post Test Visual Inspection of the test item was performed.
TEST RESULLTS | K |
A Pretest Visual Inspection of the test item revealed several cuts in harness .f
. agsembly. - ) ;
'All testing was performed within the limits of thg referenced speqification. .ﬁ
' Post Drop Tests-revealed the following results: ?
qut Drop Number . Post Drop Results ]i
T L . (a) Gauge lens came.off 2
) . {b) Gauge shield bent down onto gauge 7
“{e) Gauge body bent at top \ %
2 . - - _(a)“ Breathing regulator destroyed ,%
E {b) Supply Hose to breathing regulator oo
A "Broken off at regualtor, partial loss of air ' 8
3 ' - . (a) No further damage
4 A ' : (s) Bottle strap opened ‘ -
. (b) Bottle strap no longer capahle of hulding botglu R
tight against back pack, : 3
‘ {c) Low pressure hose cohnector. on bottle regulator
' bent. -
- {d) Two (2) indents %a pressure regulator (denced
_ _ - by bottle strap) - _ :
5 . i () Cylinder valve handle broken o
6 - T (a) Bottle strsp popped open -
) (b) Cylinder handle came off
{e) Gauge face fell odht.

seuff marks dn various areas ofzthe bottle';
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'TEST DROP

.

. TEST EQUIPMENT

P Q

Davrow T BRowN INCa——.

* - ITEM

MANUFACTURER

S/N

ACCURACY

X | Quick Release

Dayteon T. Brown, Inc,

X | Tgpe Measure

Lufkin

. 100 fe.

D.T.B.

68-359

i 1/8"

o

Test cihipment utilized for the program reported herein was within its assigned interva! of calibration,

. P NI N
X Indicates sgurisii Ty

Details are on file at Dayton T. Brown, Inc. and wiil be made available upon request.

2100 Enc 1 Pg 3
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| | AGE 1S
" ORIGINAL PAGE
| OF POOR QUALITY

‘m ) “ m .

ER~1041 TEST EQUIPMENT Exhibit V
Item
No. Item Manufacturer Accuracy
1 Flowmeter Brooks + 2%
. y Flowmeter Fisher-Portexr x 2%
s - Przssurs Gage U. S. Gauge 0~3000 psi G-218 £ 2%
ﬂ , 4 t Pressure Gage U. S§. Gauge 0~5000 psi G-224 F 2%
I 5 Pressure Gage U. S. Gauge 0-5000 psi: 'l G-212 + 2%
6 Pressure Gage Sprague Eng'rg. 0-15000 psi - + 5%
l' 7 | Pressure Gage - U. S. Gauge 0-10,000 psi | G-221 + 5%
8 Pressure Gage U. S. Gauge 0-600 psi G-217 + 2%
i 9 | water column F. W. Duyer -2 td 20 0063 £ .02 in, Hj
o - -inches/watar
10 Environmental Tenny Engineering TTUFR - -
' Chamber 100350
T Temperature/Humidity Bristol Co. TF-2T500FFF 65a, 10, 606 + 59F
Controller 84-43B :
] 12 Program Bristol Co, 253A500GL 653, 10, 606 + 5°F
: Contrelier : . -
z 13 Salt Spray singlet;pn Co. B - -
i Chamber g
14 | oscillograph Brush | R-1152-60 0044 - .Pransfer
I Recorder g
. 15 Pressure Stratham PMSTCD 1449 Trans fer
l" : ' Transducer '
1:6 Prassure Stratham PMSTCD 1460 Transfer
. Transducer
, 17 Graduatad Pyrex 3075.“ - 4+ .1 ML
‘ Cylinder
_.,J;.i: 18 Stop Watch ‘Meylan .. 2048 8w~51 + .2 sec. {
= ' : : _ !
1
an 19 Weight Scale Detecto - P6512 + 1 cz. ;
: 20 Oscilloscope Data Ihstn_ments, 555 1698209 + 1 MS
' " Inc. s f
21 Sound Level H. H. Scott, Inc. 412 "163921 t 1DB
Metexr .
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1
l 225 ERIE STREET
- LAMCASTER, N.Y. 14086 R
‘ _ TEL. 714 4B3.5100 T
I ATO TELEX 91.394 o
4
' Engineering Report No. ER-1031 7 ' .
i Acceptance Test Procedure
for the ,
l Firefighter's Breathing System
NASA Contract No. NAS9-13177

| ‘;
I Dated: 11 June 1973 :
' Prepared by: re - WA
7 P. R. Bement
] Test Engineer

‘ Approved by: S ‘
(@ ’ : ' ' ' J4/ L.” sullivan |

i ngineering Manager -

Commercial Products 3
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Appendix A -

TABLE OF CONTENTS

INTRODUCTION

 APPLICABLE DOCUMENTS

GENERAL

Test Medium
Environmental Conditions
Order of Tests ,
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i
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Dynamic Flow Requirements
Purge Flow . :
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| |
| - - -
l ER-1031 . | S Page 1
: l 1.0 IﬁTRbDUCTIOﬁT /
5}. l | Tgis'procedure describes a series of functional
E itests to be éerformed’on each Firefighter's Breathing
! Bl . | |
' - System prior to development testing and customer delivery.’.
1
3 The overall ébjective‘of this series isﬁéo verify ;
j_ that each FBS is physically and functicnally SR f
}: - : o cdﬁrecfbfollowing completion of manufacture. E} E 1
2.0 APPLICABLE DOCOMENTS
;qﬁﬁ¥ - o -f; 'NA?A"spécificatidn FBS-SP-001l, Revision 2, dated %
| "\‘v\\;.,,_ : -i\joyémbei; 3, 1971,
b Titled: "Performance, Deéign‘and-ﬁost Re@uiﬁements i Té'
B for a Compressed Air ﬁemaﬁ&—type Fire- .'_é |
maﬁ's Bréath;néijstem“ ﬂ iis
) Compreésed Gas Associationrcdmmodity Specifiuagion
for Air, Number GLT.i" . | | |




[

ER~1031 Page 2
3.0 GENERAT,
3.1 Test Medium -

The breathing gas used will be pure, dry breathing
air conforming to the requirements of the Compressed
Gas Association Commodity Specification for Air,

G-7.1, Type I (Grade D orx higher quality);

3.2 Environmental Conditions ?n

‘Unleés otherwise specified, the anbient conditions.
for conducting the operational tests herein will
be as follows: |

(il :@émparatﬁre: 77°‘iﬁ18°F

(2) Relative Hﬁmidity: 90 percent or less

(3) Baromet;ib P:essuré: ﬁocallstandafd

3t
»

(28 to 32 inches of Hg)

I

3.3 " Ordexr of fests'

Unless otherwise specified, all tests will be performed

in the order presented herein.

¥
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FR-1031

3.4

3.4.1

3.4.2

Page 3

Test Instrumentation

Accuracy

The accuracy of instruments and test equipment used

to control or minitor test parameters specified .

herein shalls

(a)

(b)

Calibration and Certification

Conform to laboratory standards whose calibration

is traceable to the prime‘stanaards at the

U. S. Bureau of étandaxds.

"Have an accuracy of at least one-tenth the

tolerance for the testAarticle variable to

" be measured,

Prior to starting“any test, test engineering sha11 

review the'instrhmentétion to ascertain that:

(a)

®)

Calibration and certification have been-accomplished

|

and are valid.

TN

The calibration time period will not elapse
. ‘-Q‘\ﬁ .

|

!

during a test of long duration. If this.
possibility exists, the applicable instrument:

1

will be replaced by one with a more recent

| calibration date.
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Egquipment, sﬁch as stfip chart recorders,

have been checked for proper operation and
accuracy prior to starting the test. These
instruments shall also be checked periocdically
during testing to ensure .that drift has not

exceeded the specified tolerance.
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4.0 PROCEDURE
4.1 System Weight

Weigh the FBS and record the total, both with and

without cylinder.

4.2 Stored Leakage (Cylinder ValVe/Cylinder Assembly)

(1)

Charge a cylinder and valve assembly to 4500

psig and immerse in a water bath (Figure 1).

(2) Coliect thé gaé emitéed from the aésembly
over a 24-hour period. This amount cannot
"exceed a réte of 0.5 scc/hour;
4.3 Operating Leakage

(1) ﬁifh the-cylindef of the FBS chérged to 4500
psig, opeén the cylinder valve allowing the
system to pressurize.

T(2) _Using ieék;Tak 5r an.eéﬁivaienﬁ.iéakage

_indicatot,_check_each qombonent'of‘thé FBS

for leakage. No leakage is allowed.
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bvnamic Flow Reguirements

(1)

(2)

(3)

C(4).
(5}

 Amachine. COhtihue'tbfbperaté the bteathing

Install the FBS with a fully charged cylinder

in the test setup shown in Figﬁre 2. Record
atdescription of the test instrumentation.
Adjust the breathing macﬁine (Scott P/N 22850)
to obtain a peak'fiow of 257 iPM NTPD at
approximately 34 cycles/minute.

Open the cylinde; valve and start the breathing
machine. Conﬁinué.to oPérate £he breathing -
machine for a period of one (l) minute. During

this period, record the following data:

(a) Continuously recdrd'inhalat}on and

. : (™
exhalation mask pressures.,

(b) 'Continuously‘record mask flow rates.
~Bléed~theacylindér pressure down to 950 psig.

Openﬁﬁhe cylinder'yaIVé-énd-Start the brea@hing

‘machine until %ylindér pressure'reaches 100 psig.
During this period, record the following data:
(a) Cohtinuous}y‘record inhalation and

exhalation mask pressures.

: L

e PRI - SRR T PP RSP
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(b) Continuously fecord mask flow rates.
(¢) Record the pressure at which the low
pressure wa;ning aqtuates;

(6) fReéhafge the cylinder to 4500 psig;

(7) Adjust the speed of therbreathing macpine to
ocbtain a peak flow of 476 LPM NTPD.

(8) Open the cylinder valve andlstart the breathing
machine. Continue to operate the breathing
machine foi a period of oﬁe (l’ ﬁinute.~'During

. this period, record the following data;

“ (a) Continuously record inhalation and

eXhalatién mask pressures.
(b)'.Coﬁtinuously reco%d:ﬁaék:ﬁlow'rétes;
(9). Bleed'thé éylihdei_pﬁessure,down to QSO.QSig,v
(10} Open the cylinder vakVeLand start.tﬁe breathing:

machine. Cohtinué to opeﬁate tﬁa'breatﬁing;
machine until cylinder_pressure'reaéhes 570
psig. %ﬁﬁ?f%g this period,';ecord the folloﬁing -

ey
d?}ﬁ/p o
o/

{a) Continuously ;ecorduinhalaticn'and\

exhalation mask pressures.




e
il
o e e 1
X
H
+
i
HI
I -I
| a.
A
H
i
1
1
!
i
: L.
.
' T i
i {1
i -
K .
. {! o
;
g

ER-1031

4.5

Page 8
(b) Continuously record mask flow.rates.
{c) Record the pressure at which the low

pressure alarm actuates.

Purge Flow

{1) Install the FBS with the cylinder charged to
300 psig in the test seﬁup shown in Figure 3;£
(2) Open the purge valve fully which will cause
a slight positive pressure in the mask;
{3) Slowly open ﬁhe needle valve until the mask |

‘pressure is zero. Record the'resﬁlting flow

shown on.the flowmeter. e
it ' Pl
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DATA SHEET # 1

P/N
S/N
Date
Temperature Barometric Pressure
ATEST: SYSTEM WEIGHT
§aragraph: 4.1
Total weight without cylinder
(10 lb. maximum)
Total weight Qith.cylindef
Test Equipments: RS i

V-Tested by:

Verified by:

Fa P . o
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DATA SHEET # -2 .

e/

|
l_;s/n
l
]

Date — -
Temperature 7 - Barometric Pressure

TEST: __STORED LEAKAGE (CYLINDER VALVE/CYLINDER ASSEMBLY)

Paragraph: 4.2

Total leakagé ce/24-hr. , : -

.
| | .
Leakage Rate .. cc/hr. ) ' ,

. Test Equipment: : ‘ | B

'y

. Tested by:

{ S Verified by:

S
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P/N
S/N .
Date .
Temperature

TEST ¢ ‘ OPERATING LEAKAGE

DATA SHEET # 3

oy

Barometric Pressure

Pagé 1

of

~ Faragraph: 4.3

Parameterx

Required

Actual

Step (2} System Leakagé

.No leakage

b
ri
R

rested by:

VYerified by:
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DATA SHEET # 4

Page

l of

P/N
S/N
Temperature Barometric Pressure
TEST: DYNAMIC FLOW REQUIREMENTS
Paragraph: 4.4
[ B
Parameter Required Actual
Step (3) Peak Inhalation ~1.25 inches
oo Pressure water max.
Step‘(B) Peak Exhalation +2.0 inches
S - Pressure ‘Wwater max.
Step (5) Peak Inhalation ~1.25 inches
: Pressure water max.
Step (5) Peak Exhalation gm:‘\fZ.O.inches
Pressure = { water max.
Step (5) Low Pressure 880 to 830
Alarm Actuation PSIG
Pressure
Step (8) Peak Iﬁhh}ation“ -2.0 inches i
. : Pressure : water max.
Step (8) Peak Exhalation +4.0 inches
: Pressurg water.max.
: £
. e _ _ _ .
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Parameter

Required

Actual

Step (10) Peak Inhalation
Pressure

Step (10) Peak Exhalation
Pressure

Step (10) Low Pressure
Alarm Actuation
Pressure

Test Equipment:

Tested by:

Verified by:

i
-2.0 inches

wakter max.

+4.0 inches
water max.

880 to 830
PSIG

i

o
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P/N

S/N

Date

Temperature

TEST: PURGE FLOW

DATA SHEET # 5°

Page 1

of

Barometric Pressure

Paragraph: 4.5

Purge flow @ 100 psi. cylinder pressure

LPM NTED

{125 LPM minimum)

M
i
oy

5,

Test Equipment:

Tested by:

Verified by: -
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1.0 ABSTRACT : ‘ . P
— -
This report presents the results of the Qualification

Test Series performed on the improved demand regulator e

.cover of the Firefighter's Breathing System. The series
was intended to verify that design improvements made to
- the cover of the demand regulator comply with the required

functional and envirommentai parameters and qualify it for

.

use in the field evaluation program.:

2.0 GENERAL -

LA S

2.1 Item Tested

The item tested was an FBS with the improved demand

regulator cover installed.

2.2 Applicable Documents

Scott Aviation Engineeriné Report No. ER 1055 "Qualification

Test Procedure for the Improved Demand Regulator Cover of

the Firefighter's Breathing System" dated 31 October 1974.

3.0 - TEST_PROGRAM
30 Procedure

A1l tests were performed in accordance with Scott Aviation

Qualification Test Procedure No. ER ]0557 This procedure
~appears in Exhibit II of this report. |

sz - %%i
o The data sheet appears in Exhibit I.
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3.3

4.0

4.1

4.2

44

Page 2

Test Performance

A1l tests were performed at Scett Aviation, Lancaster,
New York except for low temperature operation which

was performed at a nearby vendor facility.

JEST RESULTS

Exﬁa]ation ngw Characteristics

The démandﬁfegulator was subjected to the exhalation valve
flow characteristics test as specified in paragraﬁh 3.1

of ER 1055. A1l mask.pressures were within the allowable

ranges at each flow.

Exhaiétion Valve leakage

The demand regulator was subjected to the exhalation valve

leakage test as specified in paragraph 3.2 of ER 1055. The ”

ieakage rate was less than the maximum aliowable: of 5 ce/min.

Low Temperature Operation

The FBS was subjected to the low temperature operation test

 as specified in paragraph 3.3 of ER 1085. No frosting or

increase. i/l pxhalation resistance was noted.

Contamination Resistance
The FBS was subjécted to the contamination resistance test as

specified in paragraph 3.4 of ER i055. The contamination did

" not cause any abnormal exhalation valve ieakage and a post.




ER 1074 Page 3

test inspection showed that no contamination had entered

inside the cover: Additionaily, the 6 inch pencil was

net able to disrupt the operation of the demand regulator.

4.5 impact Resistance

The demand regulator was subjected to the impact resistance
test as specified in paragraph 3.5 of ER 1055. The-cover
suffered superficial damage in the form of various dents
and scratches during 5 gﬁﬂfﬁéiﬁrops. However, the drop

directly onto the screw holding the cover to the regulator

caused a hole to be punctured in the side of the regulator
body thereby allowing gross leakage to occur. The screw
was fitted with a rubber grommet around its head and the
test repeated. Only?superficiai damage occurred with no

" 4ncreise in leakage noted.
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31 ECAATIN BEW
‘PEOSAVTS Limits
* How Inches of water
Crack (30 co/min) 0.1 +0.5 max,
257 LPK, WTPD 1.3 +2.0 s,
du PN, WEFD 2.6 +4.0 max,
3.3 ENAIATION VALVE LENRAGE
. prage . Plow Limite
es/aln so/min
=0,% 1.9 . 5.0 max.
. -2.0 2.6 5.0 max,
3.3 LOW TENPERATURE OPENATION
CoENTS No frosting or 1ipcreased
_e.xhu]mgn_:e,sistm noted
3.4 CONTAIGFATION RESISTANCE
Zxhalation Valive Leskags
Dratt C Plew 22-1:; |
-9.5 : 1.8 $.0 w2k,
92.0 258 * 5 (1] m,

I
e

1
]
TEST_RECORD i
i

paza. 3.5

2 COMMENTS @

e amm e BN

|

I

Preanm. Red, S/% 19
" Demand Reg. S/ Unknown

IMPACT RESISTANCE
Dents & scratches on cover on 5 drogs.

Test repeated w1th grommet
No major dammage noted.

regu]ator body

under screw head.

EXAIATION FLOW
Preasure Limits
fiow *  Anches of Watef doches of Wateg
. Crack (50 cc/min) 0.2 T s0.8 maxX,
257 LPM, NTPD 1.4 +2.0 max,
476 1LPK, NTPD 2.6 +4.0 sax.
EXAALATION VALVE LEAKAGE
Draft Flow Limits
incheg of Watexr cc/min ccfuin
=Q.5 1.9 5.0 max.
-2.0 2.7 5.0 max.
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2.2

2.3

3.0
3.1

&'Order of Tests

Lt PAGE 1

INTRODUCTION

- This procedure describes a series cf functional and

environmental tests to be ?erformed on the Firefighter's
Breathing System. The'series is intended to verify
that design imprpvéments made td the cover of the

demand regulator comply with the required functional

_and environmental parameters and qualify it for use in

the field evaluation program,

- GENERAL

_Environmental Conditions

Unless otherwise specified, the ambient cbndi@ions for
conduc%ing-the.operational tests herein-wiii-bé as -
follows s RS |

{1) Temperature: 77 *+ 18°F

{2) Relative Humidity: 90 percent or less

{(3) Barometric Pressure: Loca¥ standard
(28 to 32 inches of Hg) ,

Test Article | = _ . .

Tests are to be conducted on an FBS whose demand

regulator has been fitted with the improved cover.

4y _ R
Unless otherwise specified, tests are to be conducted

in the order presented herein.

SPECIFIED TESTS =

Exhalation Flow Characteristics-

{8y

T

s
P
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3.1.1

3.2
3.2.1

3.3

3.3.1

- 43.4-
3.4.1

PAGE 2

Perform the exhalation valve flow tests by appl ylng
flows through the demand regulator of 50 cc/min.
(cracking), éS? and 476 LPM, NTPD.and noting and
recording the resulting positive pressureé.'

Exhalatién Valve Leakage

hDisconngctvthe low pressure hose from the pressure
reducer ;nd cap the hose. -Slﬁwly draw successive
negative pressures of -~0.5 ana =2.0 inches of water
while noting and recording the resultlng flow through
a low range flow meter. This flow is the exhalation
vélve leakage.

Low TemEerature Operatlon

Place the FBS. with a fully charged 40 cublc foot cyllnder
on a subject aéd start up in the normal manner. Have
the subject enter.a chamber which is at 20 £ 5 F%and
reﬁaih inside until the cylinder is depleted. During

the test period alternate 14minuté peridds of exercise
and rest are requlred with the exercise period consisting
of stepplng onto and off a box 8.5 1nches hlgh at a rate
of 30 cycles per minute. Note wheﬁher the 1mproved
demand regulator cover trapsfmoisture causing a frost

build-up with resultlng 1ncreased exhalatlon realstance

,/Contamlnatlon Res*stance

b o B [T - o

Place the FBS with a fully charged cyl;nder on a
subject wearlng a turnout coat and helmet and startup
" in the normal manner. Sprinkle one pound of a mixture

of dirt, sand, and'ashes'down on the subﬁect from

apprdximétely-two feet‘ove: his helmet. following thisg,

place the subject directly in the flow of 2 large

2
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electric fan, Sprinkle one pound of a mixture of dirt,
saﬁd: and ézheﬁ into the air.gtream of the fan so that

it strikes the subject in the mask area; While standing -
in the contaminated air stream thé subject shoﬁld rotate
siowly so that contamination i@ginges_gn all areas of

the regulator.

Following this exposure,. attempt to disxrupt the
operation of the regulator by insgrting a standard
wooden pencil of 6 inches in length into the exhalation

opening in the cover. Note results.

‘UPOn complétioﬁ of -the contamihatioﬁ exposure, remove
the demand regulator from the ?BS éni perform the

exhalation valve leakage test as defined ig‘Paragraph ‘ é
3.2: After testing for leakage, rEmoée éhe cover froﬁ .

the demand tégulator‘ahd‘check for signs of contamina-

tion.
3.5 Impact Resistahce 7
3.5.1 Disconnect the demand regulator from the FBS. Drop

the demand reguiator six times from a heigh£ of 6 feet
onto a concrete surface. Each‘érop should be of
different orientation, but in each,caéé, ﬁhé-cover should
beithefpriméry taxget.of,impact; Inspect for damage
after each drop and record. Folloﬁing the“six'&roﬁs,

| j-é;rformlthe e;halééionffl&Q ché;ac£eristi¢s'test_of_'”
paragraph 3.1 and the eﬁhalatioﬁ valve leakage test

.of paragraph 3.2.

7
o
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Demand Reg. _-s/ﬂ

3.5 IMPACT=RESYSTANCE

MES. 3.1
] . ) S
: . Prassure Limits v COMMENTS : B N
rlow ‘ ‘ ‘Inches of Watez Inches of Water TSan,
— Re————————— —_— T,
‘Crack (50 co/min) | - +0.5 max. . A
257 LPM, NTPD . - | +2.0 max. —
476 LPK, WTFD +4.0 max. ‘ R
rara. 3.2 EXRLATION VALVE LEAKAGE A ) g
. . A _ : » Pressura Limits :
. Draft : Flow Limits Flow : Inches of Wster Inches of Water
Inches of Water cefmin . gc/min ‘
o F . ce/pin Crack (50 cc/min) +0.5 max.
-0.5 : 3, - 5.0 max.
N o : ) 257 LPHM, NTPD +2.0 max.
 =2.0 W 5.0 max.
. o ' 476 LPM, NIPD +4.0 max.
pars. 3.3  LOW TEMPERATURE OPESATION ~
 COMMERTS: EXHALATION VALVE TEAKACE
Draft Plow Flimits
Inches of Water cc/min ce;/min
¢ 0.5 5.0 max.
‘ - -2.0. 5.0 max,
Pare. 3.4 CONTAMINA n@' RESISTANCE
. Exhalation Valva Leakage
peagt " Plow- Limits
Inches of Water ‘gefimin cc/min
0.5 ' ' | 5.0 max.
-2.0 5.0 max.
" COMMENTS: :
S .
2 - Y
. - : i
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3
v ° ' -
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Summarx

A squeal in the pressure reducer of the FBS, vas discovered,
as an itermittent condition, during the early phases of the
field evaluation program. It was normally confused with the
audible warning device of the system. The problem was
diagnosed as resonant cavity amplification of a specific
frequency of the random noise generated“at the valve seat of
the pressure reducer. It was resolved by insertion of a pin
of suitable size into the resonant cavity (upper part of the
piston), in order to create a mixed boundary condition to
upset the resonance.

Introduction

T

During the early phases of the field evaluation program, an o
“intermittent squeal in the pressure reducer was detected in , 4
~several systems. The squeal was particularly troublesome for - S
- the user since the fregquency was very close to that of the
warning device and it was usually accepted as the warning . S
'tone, : ' C o
Tﬁe 1ntermittent nature of the squea] made diagnosis Sf the
- problem difficult and led to apparent “fixes" that sub- -
% sequentﬁy proved ineffective. In retrospect it was ppssible
oo o that a, "buzz" that was originally - detected -in: the: f%rst '
e d@weinpmental préssure reducers was the forerunner of the
. ‘subséquently defined “"squeal problem". The "buzz" of the
- developinental units was apparently corrected by modification
- of check valves Tocated between ‘the pr1mary and back -up
“pressure reducers _

;\ - <r=gf -

[

Anaixsis o

Ana]ys1s was aqua\by measurement oﬁ*the*frequency of the S
squeal. .-It was Tealid to be egsentially a pure tone at. B TR )
3000 Hz., which was. very chosa to the. warninr %h1st1e tone SRR
_of 3100 Hz. . o T

- the pressure reducer, rather thdn check vmlue or transfer
-valves, by the construction of a single funciion pressure = * .
© 7 reducer (Figurg 1) that exhibited the same intermittent squea] RPN
=t . problem as the complete” pressure reducer assembly. It was -
: " found that the squeal was most repeatedly generated ‘with-a new
vaive and seat with the vegulator at a hagh amb1ent temperature

: s ‘ : K
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ER 1073 ' Page 2

Considering the spring supported system as a simple
_ spring-mass system the natural frenuency is estab1lshed
b 7 . as follows: .

_ - Ik
Mn SV N e N
L fo = “h o " - @) o
_ K |
T = ]z‘ﬂ'! ] === (3)
" Where f = natural frequency in Hz.

K = spring rate in 1bs/ft.

M = mass in slugs
“The piston weighed 13.8 grams which translates to 9.45 X
1074 slugs.

The spring rate was 69 1bs/in.

Substituting in (3)
£ =1 69x12

N m " ar ] 940t = 149 Ha. F
}n  This frequency was’ s1gn1f1cant1y 1ower than the measured :
P ' -"fTequency of the squeal. o ) 3
[% : A second spring with a h1gher rate was substituted in the é
. . .. -pressure reducer. The second spring had a rate of 290 1bs/in. _ ¥
- ’ - which resulted in a natural frequency of 305 Hz. However, o,
: -+ the squeal was observed again at the same frequency. It .
o Ny - .appeared improbable that squeal was a result of simple ¥

R ’L\ w'loqe1tudnna1 harmonic vibration of the piston. o v -

R R R i

}? Lat&sa1 vibration of the piston stem ugé\cons1dered a
- possibility. The gquiding of the piston stem was improved
woowoa e with no effect. - Subsequently, frictiom damp1ng in -the form
o -~ of T.F.E. plugs that squeezed the stem proved zqually _
inefffective. Consequently, lateral vibrat1on\pf the stem
was eﬂ1minated as a probable cause of the squeal . '

e
N
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A higher frequency longitudinal vibration resulting from :
the high.spring rate of non-sliding o-rings was investi- 4
gated by replacement of the o-r:ngs with lower friction |
quad ring seals and also with a spring loaded T.F.E. seal. 1
Neither modification permanently changed the characteristics -
of the squeal.

Consideration of the “organ pipe" effect on the central bore
of the piston proved significant. The fundamental frequ%nsy
of an open pipe f = V/2L and for a closed pipe fo = v/aLit).
Where f = frequency in Hy
¥V = velocity of sound in air in ft/sec.
. L - length of the pibe in ft.

For air at 60°F V = 1118 ft/sec(z) The Tength of the pipe from
the valve seat is approximately 1.1 inches.

je. L= Jﬁl= .092 ft.
therefore . =Y = 6016 H
¢ 2x.092 z
s Similarly f, =V = 3036 H
; ¢ x.002 z

The values for the closed pipe is sufficientiy E]OSE to the
measured frequency of the squeal to suggest that the problem
had been identified.

4 ammtn —y -

In order to prove the theory and to remedy the problem, i&
saveral modifications were attempted. First, a spring was _ .
“{nserted in bore of the piston, but that proved ineffective. - CE
Next, the cover of the regulator was modified as in“figure 2 A
$0 a screw could be inserted to penetrate into the bore of
the piston, without touching the piston itself. By insertion
and removal of the screw’ it proved possible to repeatedly
eliminate the squeal. The theory had been proven and one
possible remedy found '

TN BERA M W e msNe e Gmms  SaBR WD NI ONE GER O WEE N

ETENY Y - -

" The “inserfici’of a screw thﬁbugh the cbver was not cen- ¢ - -
sidered a good final remedy, since that design created a '
possible leakage path from the pressure reducer. Subsequently,
it was found that a Kel-f 81 pin inserted in the outlet e
end of the piston (figure 3) repeatedly silenced the squeal.

The pin created a mixed boundary condition at the outlet of
"the resonant cavity with the pin promoting “closed pipe"
resonance at approxzmately 3000 Hz, and the space around it .

el
2

(1) Sears, Mechanics, Heat and Sound. pp. 498‘500

Addison-Wesley Press Inc., Cambridge Mass. 1950 A
(2) Jeans, Science and Music R
# Dover Publications, New York 1965

%
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promoting "open pipe" resonance at approximately 6000 Hz. .
The net effect was total elimination of tﬁe squeal. v
Subsequent qualification testing as reported in ER 1064
*Delta Qualification Test Report of the Pressure Reducer
Sonic Alternator for the F1ref1ghter s Breathing System"
and Field Evaluation experience proved. the effect1veﬁ%ss
of the modification.
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Page No. L

ABSTRACT
Thig'report pres%ggs the results of the Deléé Qualification
Test Series performed on the pressure reducer sonic atten-
uator for the Firefighter's Breathing System. The series
of functional and environmental tests was: intended to veri-
fy that the sonic attenuator ellmlnated the "squeal" from

the pressure reducer whlle not compromising its function in

any manner.

GENERAL -

Ttem Tested

" All tests were conducted usmng a test block machlned to simu—

W

late "the primary sectlon of the pressure reducer pP/N 27237.¢”

s

The test unit:was assembled with parts Erom the'prgsgnt con-
figufatior.with the additioq\qf:tﬁqzsonic attenﬁator P/N
27429. 'Thé cbver of the test Llock was modif;éd-with énf
‘acéess'éprt énd'éeéliﬁé plug'to aildy remoﬁgl”of the sonic
attenuatﬁr. | | | | |
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2.2

3.1

400,

M e ey

!:January 1975.

Delta Quallflcac1on Test Procedure No. ER 1062. This procedure

appears 1n.Exh1blt II of this repbrt;

3.2 ..

'All tests were performed at Scott Am;

page No. 2
}Appliéable Documents
Scott Aviation Engineering, Report No. ER 1062 "Delta Quali-

SN

fication Test Procedure of the pressure reducer sonic atten-

vator for the Flreflghter'g:ﬁﬁeathlng System" dated 30th of

\\

TEST PROGRAM

Procedure C

All tests were performed in accordance w1th Scott Aviation

All data sheets apbegf?ihfﬁﬁpibit'I;

Test Performance

,//X
,E.ﬁ

¢n, Lancaster, New

York

. TEST RESULTS

)

Sl

et Fie




4.1 Physical Characteristics - f‘ |
? The sonic attenuator was subjected to the physical charac- ﬁf
| teristics 1nspectlon js specified in Paragraph 3.1 of ER . ‘/‘
1062. The part satls\led the diminaions speczfled on the //

draw1ng and had a good general appaarance.' ';

i
Ay

4.2 .= Flow Test ‘. | | . /-
A B /
/

jected to the flow test as specified in Paragraph 3.2 of éR,;
! : i
1062. The test block Satlsfled the flow requ1remen+s and a

post test 1nspectlon of the sonic attenuator show no dhange‘

in physical characteristics. _ S o

e —

]

4.3 High Témperature/hadkpresSuxe

The sonic attenuator assembled into the test block;ﬂas sub-
_ _ , ~ ; _
jected to the high temperature/backpressure test as specified

P in paragraph 3.3 of ER 1062. Post test inspection showed

{' ) ‘that the sonic attenuator ?gd not lodge& in the hole in the

center of the regulator piston. Visual :.napect;.on of the

L physical characteristics showed no defects or changes. '

=
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4.4

rage No.

Life Cycle

The sonic attenuator assembled ihto the test block was
gubjéctéd_to the'life cycle test as specified in‘Para—
grarh 3.4 of ER i062.[‘F1oQ tests and physical charac-
teristics inspecpions at the 0, 20, 50 and 100,000 cycle

intervals showed no resulting changes.

- CONCLUSION | e e

The test results show that the addition of the sonic

attenuator eliminates any -"squeal" from tﬁé operation

of the pressure reducer without effecting its ability

to function. - |

It can be concluded that the—addition:¢f the sonic atten—

uator meets the intent of thejmﬁsézspecification and is
s

both_safe.ahd suitable for its intended usé

‘.
3 -
i
S
A

e TR " 2 i et L

T R T A

FIE %

e et AW LR b R R TR AATTE




PRt . _ ,
POT. ¥ LUO% . = - FEREICR
- oy - =—— ~—— -DATA SHEET
4 14 ¥ ._!. . T ) ) er- \h o J S R Lo
‘Para. 3.1 Physical Characterjstics |
Length _49¢ in.  Head Dia.:144 in.
Pin Dia. 105 in. Head Thk..012  in.
« - Weight 1527 grams e
General Appearance _
i 9 ; i ’ ‘
= H{ il ;‘ . -
Para 3.2 glow Test
» s .
‘ # ~ - e
. Inlet - Flow Draft Allowable
(PSI) (LeM) in -Hzﬂ) (in. H,y0)
1200  ° 390 62 -2.0
Para. 3.3 High Teﬁp/hackpressure=
5 ‘ : o .
Vigual Inspection pin free in center of
" » , g pls |
Length =495 in. Head Dia..l44 in.
Pin Dia. 105 in. Head Thk..012 in.
Weicht _ 1527 grams.
Life Cycie

Para. 3.%

. 0 Cycles _
Length- .496 in.

Pin Dia. 105 in.
Weight 15'22_ grams

Head Dia..144 in.

1062

—

20,000 Cycles

Length .496  in. Head Dia,.léénfin.

Pin bia. -105 in.

. Head Thk..012  in.

Weight..1526 grams

Inlet Flow - Draft Allowable

(PST) {(LPM) {(in. HzO) (in. HZO)
' 1200 390 —.91

~2,0

_ 50 M 000 Cygles

Head Dia. -144 in.

Length .495 in,
‘Pin Dia. ,105  in. Head Thk._.012 in.
Weight 1526 grams

Draft

Inlet Flow Allowable’
(PSI) (LPM)  (in. Ha0)  {in. H,0)
1200 ' 390  -.84

."'200

100;000 Cycles

Head Thk..012 in, .

Length ,495 in.'
- pin bia. ,105_ in.
Weight .1526 graﬁs |

Head Dia, -144 in.

Head Thk._ 012 in.

Inlet Flow  Draft Allowabhle Inlet Flow Draft Allowable
(pSI) (LBM) (id. Hp0) (in. Hy0) (PST) (LEM)  (in. Hp0)  (in. H20).
1206 - 390 --85_  -2.0 1200 390 =.72 ~2.0

. — e A i s e T 'f;—\:‘" o i e e e X - L
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ER 1062

1.0

2.1

,
i

. | GENERAL

'
5y

INTRODUCTION | B

This procedure ﬁresents a series of qualification tests
to»be performed on the pressure reducer for the ﬁire—
fighter's Breathing System. .

The tests are intended to verify that éhe addiﬁigh of
the sonic attenuator eliminates tﬁéj“squeal" from the
function'of the pressure ;educer. Additionally, the
test series is.intended tgﬁverify that pressure reducef
performance will coﬁtingglyo comply with the required

functional and environmental parameters and qualify it

for use during the Pield Evaluation Program.

EST MEDIUM

The gas used will be pure, dry breﬁ;hing air Qanferming

to the requirements of fhe'gompressed_Gas Association Com-

‘modity Specification for Air, G-7.1, Type I (Grade D or

higher Quaiity.)

e e e M S N M e T
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2.2

©2.3

2.n4 .'

- the sonic attenuator.

PAGE 2

ENVIRONMENTAL CONDITIONS

Unless otherwise specified, the ambient conditions for
conducting the operational tests herein will be as
followsé‘

{1) Temperature: 77 + 18°F

{2) Relative Humidity: 920 percent or less

(2) Barometric Pressure: Local standard (28 to

o 32 inches of Hg)

L

TEST ARTICLE

All tests will be conducted using a test glcdk maéhinéa
to simulate the priﬁ;ry section of the pressure'iéducer
P/N 2?237: The test unit will be assembled_with parts .
from the present'configuratioﬁ such as piston, sbring,‘

seat, etc., with the aédition”of-the sonic attenuator

P/N 27249. The cover of the test block will be modified

with an access'ﬁort'énd sealing plug to alldW'rehbﬁél of

ORDER OF TESTS

‘Unless otherwise specified, all tests will be performed

in the orxder presented herein.,

U AP

R T P AT
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PASS/FAIL CRITERIA

| The following criteria must be satisfied during the
course of testing.
1) The unit must meet the flow requirements.
2) The sonic attenuator must be free from exces-
sive wear or deformation.
3) The regulator must not emit any "squeai;"
4) The sonic attenuator must be constrained by
the cover of the test Hlock and freely posi-
.‘ tioned within the flow port at the large dia-

méter end of the piston.

SPECIFIED TESTS

PHYSICAL CHARACTERISTICS OF THE SONIC ATTENUATQR
Before begihning any tests determine the foilowing charac-
teristics of the sonic attenuator.
1) overall length, pin diameter, head diamgter
and head thickness.
2} Weight |

3) General appearance.
7




ER 1062
3.2
3.3

/

i{} " /

LT
7N

;%ﬁzgye sonic attenuator is lodged in the'hole,-attach a

PAGE 4 °

FLOW TEST

Apply pfessure to the inlet of the Fest block which has
a demand regulator attached. Draw flow at the inlet
preegure indicated on the data sheet and:fécofd the re-

sulting draft. Following the flow test, remove the sg

attenuator from the test block and repeat the measuféhénts.

of paragraph 3.1.

HIGH TEMPERATURE/BACKPRESSURE

Place the test block in an environmental chamber for a

minimum of 16 hdwfs at a temperature of 165°F. Following

this exposure, remove the block from th@ chamber and apply ;

a pressure of 500 PSI to the inlet. Backpressure the low

pressure port to 150 PSIG, remove supply pressure and

rmaintain the 150 PSIG backpressure. After thirty minutes

 exposure to the above conditions vent all pressure and

visually inspect to determine that the sonic attenuator.

ie not lodged in the hole in the center of the ?iston,

demaﬁd regulator to the teﬁt block, apply 500 PSIG to the

inlet and take 10 normal bfeaths.f Again visually inspéct :

and note results.

Following the above tests remove the sonlc attenuator from"

the test blodk and repeat the measurements of Paragraph .3. 1.
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LIFE CYCLE

Install the test block in the test setup shown in
Figure I. Adjust the cam controlling the demand

regulator to draw a peak flow of 150 LPM with 2000

PSIG applied to the inlet test block. Adjust the

speed of the motor to 30 RPM.

- Using the system explained above cycle the test
| block until a total of 100,000 simulated breathing
cycles have been obtained. Perform the flow test
" of Paiagraph 3.2 and then the physical paragraph

.characteristics of 3.1 at the 0, 20, 50 and 100

thousand cycle intervals during the life cycle.
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[TEM L :
NO. ITEM MANUFACTURER MODEL s/N ACCURACY
1 Flowmete::; Broﬁ}is ' 10-1110-10 » F=214 + 2%
2 ' pressure Gage - ~ ju. s. cauge 0-3000 psi G-218 + 2%
3 Water Column =~ F. W. Dwyer -2 to 20 | o063 7/ + .02 in.
o | : : ‘ | . _ inches /Qater H20
4 Environmental Chamber Ténny Engi_neering TTUFR 100350
5 Temperature/}iumid‘ity R -
Controller . Bristol Company TF-2T500FFF 65A,10 +. 5°F
_ E | S4-43B 606
"6 ' Program Controller Bristol Company 253A50061 654,10 + 5°F
7 {Meylan 2048 SW-51 + .2 sec.
8 - Analyti'call Ba;.éncé Chemical Rubber Co. 103042 + 0.1 Mg
9 Vernier Clipers Helios # 0-6 v-23 + .001
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ABSTRACT

This report presents‘the‘results of the Delta Qualificatibn
Test Series performed on the Modified Firefighter's Breathing
System (FBS), Scott Part Number 27275. The series of func-
tional and environmental tegtsfwas inténded to verify that

design improvements made in the FBS comply with required

.parameters and gualify it for use in the field evaluation

program.

The unit succeésfully passed;the tests although some probléms

were experienced during life cycling.' These were not con-

sidered significant since they occurred after 70% of the test

was completed and a user would not have detected the problem,
Normal maintenance would have returned the unit to proper

regulated pressure tolerances.

It can be concluded that the modified configuration of the.

FBS meets the intent of the NASA specification and is both

safe and suitable for its intended use.

GENERAL

Itens Testéd

Partlal Flreflghter s Breathlng System - Scott P/N 27 275,
Rev. B, con51st1ng of pressure reducers PXN 27237 Rev. B,

S/N“s 6 and 7 and breathing regulators P/N 27235 Rev, B

'S/N s 1 and 8

Appllcapleunocumehts

.Scottfhviétion Engineering Reﬁort No. ER 1054

“Delta Acceptance Test Procedure for the Modified Fire-

flghter s Breathing System“ dated 4 October 1974.

\f
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Scott Aviation Engineering Report No. ERH1053.
"Delta Acceptance Test Procedure for the Firefighter's

Breathing System® dated 16 Septenaae}’r 1974.
[
|

T

TEST PROGRAM

Procedure

'All tests were performed in accordance with Scott Aviation

Delta Acceptance Test Procedure No. ER 1053 and Delta

Qualification Test Procedure No. ER 1054; These procedures

appear in Exhibits II & III of this report.

.
B

P

All data sheets appear in Exhibit I.

Test Performance

All tests were performed'at:sgott Aﬁiation, Lancaster,

. NeW Yorke ) . o . !:

Spe01f1ed Tests oL . :

Low Temperature 0perat10n

The FBS (Pressure Reduter #7 and Demand Regulator #8) wasg

subjected to the low temperature operatlon test as defined
- by paragraph 3 l of ER 1054 The unit successfully met all

requlrements, A leak of 10 ce/hln was detected in the backup_,

l

 geat retalner whllehat -40°F low temperature, When the unlt

:} ribm ambient condltlons,.the leak rate

iF

'-reduced to 0 5 cc/m1n.~
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ER 1056

4.1.2

Abackup regqulator in the pressure'reduoer had climbed to 155

”cracked as.evidehced by bubble leakage. ‘When the unit was
rechecked 16 hours later, the backup pressure crept to '

: 153 psi w1th no leakage apparent =This sxtuatmon was

PAGE 3
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High Temperature‘OPeration

The FBS (Pressure Reducex #7:and Demand Regulator #8)

was subjected to the high temperatﬁre cperation test as de-
fined by paragraph 3.2 of ER.1054. The unit successfully .
met all reqﬁirements. During breathdown at 165 F a noise
was emiftedrfrom the primary séring/biston assembly when
inlet pressure was decreasrng from approx;mately 4000 to ] ‘
3000 psi and then' it disappeared. This did not affect \ o
unit performance. : ' : e _ : 3 1

Life Cycling

The FBS (Pressure Reducer #6 and Demand Regulator #l) was
subjected to the life cyeling test as defined by paragraph |
3.3 of ER 1054, The performance test at the completion of

3500 total cycles showed thap the lockup pressure of the

psi (150 psi maximum allowed) and the relief valve had

R S R AR i I

\L

relayed to NASA and the declslen was made to contrnue‘r .

testlng rather than perform mamntenance on the unlt

After 5000 fotal cycles, the prlmary lockup pressure was

102 psi (100 psi maximum allowiﬁ{)and the backup 1ockup

pressure was 153, 5 psi (150 psrrmaélmum allowed) All

other parameters were thuuLtO be w1th1n requlred tolerances.




. ER 1056 PAGE 4
i :

The high lockup pressures encountered were not ‘considered
significant since routine maintenance procedures would

- have corrected this problem and functional performance was .-

e e e e m i Al e i m A, i i ok

not degraded. ) | ) " %
4.1.4  Hicgh Pressure Exposure | R
é The FBS (Pressure Reducer #7 and Demand Regulator #8) was é

subjected to the high pressure exposure test as deflned by

paragraph 3.4 of ER 1054. After 72 hours of exposure to

4500 psig, the unit successfully met all requirements.
Leakage was detected at the vent of the low pressure turn-on

(1;3 ce/min) and at the vent of the transfer valve {less

Py N

than bubble leakage lx10_3 scc/sec).
! i
P 4,2 SPECIAL TEST
! :
" 4.2.1 -~ High Pressure Exposure at ngh Temperature

The FBS (Pressure Reducer #7 and Demand Regulator #8) was
subjected:to the high pressure exposure at high temperature
as defined by Paragraph 4.1 of ERrLOS4. FoilOWing 16 hours

: .'. " of exposure to 4500'psi'inlet=and'165’F,"£he'unit waSTteeted:

and it succesefully'met ailoreQuirements. A leakage of 1.6

i i . cc/hin was‘detected'at the vent of the 1ow'C§linder turn-on, .

and the dlaphragm of the demand regulator fluttered somewhat

B -

’durlng the hlgh flow COHdlthhS of breathdown us:ng the:i

breathing machine. It should be noted that during both ’;3

p—

'normal and heavy subjectlve breathlng, no flutterlng occurred

. Nelther of these coﬂdltlons effected the performance of the __'
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ER 1056

5.0

Leakage - All leakages encountered were well below the

PAGE 5
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CONCLUSION | | | = | | S el
The problems encountered during testing were analyzéd as |

follows:

allowable outward leakage 6f 20 co/min and, therefore,

not considered detrimental to unit perfdxmance.

High Lockup -~ Lockup pressures excee%%pg the maximum i
allowed were experienced $§1yﬂafter 3500 simulated usage

cycles. This situation could have been corrected by main-

tenance proceduggs and, therefore, does not signal a design g
problem. Addit10ﬁ311Y5 3t should be noted that a user would g
net have detected these: conditions without thé ﬁsefof pressure %
gages to measure interstage pressures} = g

it can be concluded thaﬁ the msdified configuration of the

FBS meets the intent of the NASA spécification and is both

SRR o

safe and suitable for its intended use.
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O TS

YEs

Did whistle stop after several breaths?

Turn oﬁ and breathe., Did whistle sound?

YES

Engage press to-t.lt and continue breat:hing.- Did warning whietle
nound? VES .

continue breathing.

Release press~to-~test nnd continue 'braat.h.t'\g.
stop nftexr several hreathn?

Did woarning whintle

=

Comments;

Perform sn external leskage test, Hone allowed.-

RMANCE TESTS - . A v F
m . ' | cracking(50 ec/min)

4.

AFTER _Free F PRESS. L7305
FOR S Min,

Engage P. T. T. breaths regquired tu transfer to
backup pressure schedule at 4300 * 200 psi. (3 breaths max.)

Z Lreaths required to transfer %o '
schedula at 4300 * 200 psi (6 breaths max.)

Engage P. T. T. f breaths required to transfer to backup
pressura schedule at 1200 + 200 psi (3 breaths max.).

Presa-—'l‘é-—'rust & Tranafer

a}

Release P. T. T.
primary pressurs

‘b)
a)

Relecage P, T, . breaths requirad to transfer to primary
at 1200 ¥ 200 pai (6 breaths max),

d)

Repeat P.T.T. and roleasa saveral times and check for rapeated
transfex and return from primary %o backup and back to primary.

Ol AL 1200 AV 4300 Pst

. .)

£} Commente:

Demand Requlator Inward Leakage (Exhalation Valve)

Noo 5 : . o . Dragt Flew' " Limits
g Inches of Watex co/Min. ee/Min,
Turn c_vli.ndcr ‘valve off amd alovly hrenthe trapped Bystem pressure’ ' -0.5 .4 5.0 .
down. Did wnming whistle sound? ' 2.0 2. 5.0 :
Compents 5. Plow Dragty - ' ' .
’ ’ ‘\\ primary | Primary Backup | Backup | Backup Limite :
| 4300 ¥ {1200 ¥ |1200 ¥ | s70 100 in 4
Flow 200 psi | 200 psi | 206 pei} psi pai Ha0 X

7 a LA

=0.1 to -0.5 H

Initlal Turn On A fidﬂ phi. ‘ Supply Fressure

042

176 LM, BTPD A W 27 0,8 | 2.0 max.
- 7
ay { broatl;; ;:z:t::dm:: ’txansht to primery 257 LPM, NTPD Op 9' 0# 1./ /1//,/ /,//Z -1.25 max.
vy o 5 5 psi primory pressure 390 LPM, NTED 1.0 A, % '/;/% - ﬂ" /Z// ~2,0 [:',ax_'.fi-\:l:‘__.-
_ . . ; 5 ey TS i Yy T
c¢) Did whistla sound momentarily prior to transfer to primary? ¥Es ' | 476 LPy, NTPD ////:/,f;/_. %ﬁ/ AAEBEA 2 7S A 2.0 man.
O - v — R . - i R I
d) Did whistle fully cease after several breaths? 2 &S . . *Interstage Pressure shall be 30 peig min. o
' ' _ ! Comments 1 !
e} Turn cylinder cff and breathe systgm down. Did whistle come : + :
on for low pressure warning? YES - €. Low Cylinder Prassure Turn-On: a éfz (865 - 35 peil}
£) Comments: ’ . Comments: .

’ Te
{Normal Breathing)

" Lockup A' frer 3 Minutes . t

Interstage Prassure
Exhalation

73’ psi ??._psi. {95 mnlx) i&_psi (100 max) priﬁary ‘ 1 8.
: ®4300 * 200 pai
ggg psi f;isz psi (11.0-140) Zz{ psi (150 max) backup .
@4200 + 200 psi
23 pal XQ pai (95 max) _ghpn. (100 max} primary
@1200 1 200 pei
14 e _[_Z_i_pu. {120-140) L_j-_-_-psi. (150 max) backiip s.
) @800 _go pai
Commentas S T : .

PP,

PSIG (100-110 PSI)
Dynamic Full of€ .. =5I¢ {50-90 PSI)

whistle Alarm Dynamic Pull on/Full Off *~°
ny-nnmic Full on

. r—deme

(N

Purge Flow = E
. ooy
Inlet Pressure Flow Linits 8 E !
PSIG LPM, NTBD LPM, KTFD SIS :

oo - 125 to 200 LEM Py ?
Exhalation Flow [t e :

Plow Pressura Limits ,E: 42 : -
- Inches of Water Inches of water i l ‘

Crack (50 ce¢/min) 0.0S’ +0.5 u:lu. :;il ﬁ

257 LPM, RTPD /.3 +2.0 max, ) i

z,é +4.0 max. o

. 476 LFM, NTPD

.
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AFTER 12HR SoAKk A T-40° g’ﬂoa@#‘rﬁhch‘

i
i

E'ig_ute 2
. . : ' ’ proas-To-Test & Transfer - T Koé ™} ﬁ__ Y )
FUNCTIONAL TESTS i . ; -
~ : : ) : A a) Engage P. T. T. l breaths raguirsd to transfer to
1. Turn on and breathe. Did whistle sound? yE; S 4 * backup pressure achedule at 4300 * 200 psi. (3 breaths max.) :

" b) Releasa B. T, T. Z breaths required to transfer to

: r : . = . P
2. Continue breathing. Did whistle stop after several breaths? _, ’:5 ‘mr;xmary pressure schedule at 4300 * 200 psi (6 breaths max.)

3. Enyage pruess-to-tost and c;anhim.u brcuthi.ng. . Did warning whistle ‘ . a) I:ngagu P. T. T, é breaths required to transfor to backup
wsand? V= S i : pressure schedule at 1200 * 20C psi (3 breaths max.).
4. Release press-to-test mnd continua breathing. Did warning whistle a} Releasa i. T, T. __Z__ breaths required to transfer to primary
*. stop after several breaths? £S . at 1200 T 200 psi (6 breaths max). .
5 ' Comment s . . : . } : a) Repeat P.T.T. and release saoveral times and check for repeated
" - : - . transfer and return from primary to backup and back to primary. .
' ® £} Codments: : ' .
6a vFer orm an external lea.kage test. None allowed, ' ‘4. Demand Requlator Im)ard Leakage (Exhalation Valve) .
ﬁ’—'—fﬂm aunzr: D&ﬂ%-(; &, K. - : _— 299
7z * Draft Flow Limits .
Inches of VWater cc/Min. ce/Min, . .
7. Turn cylmder valve off and slowly breathe trapped -ystcn prassura ) -0.5 /'é 5.0
dowa. Did warning whistle sound? ____ZQL__ - ) - 2'n : 2.9 2o
s, Comgnts . . ‘ : ; 5. FPlow Draft '
Primzgy [ 5% T rir Backyp | Backup | Backup Limite '
L4360 ¥ | 1200 ¥ {1200 % 570 100 in
Flow 200 pai | 200 psi | 200 psi| psi pai Hp0

pm?o?\.umw‘__rgs'rs » : ' S . | Cracking {50 cc/min$ /7////4 0"4_@ Q, "///// ///" ~0.1 to ~0.5

1. 1nitial Turn on _9R5 00 psi. supply presaure : : T8 vom ween AT pegs | <2 max.
o £ y f]
a). / breaths required to transfer to prisaazu.' 257 LPM, NTPD 0‘(/0 JJ{} /' 6 A"//// -1.25 =as.

(6 breaths max.) . i .. . - -
B) g 2 [-1:21 prma:y pressure T : . 380 LPM, NTED 1);7& ”%00 /,/ ’T/ .- /’ =2.0 max.
) Did whistie sound momen ~arily prior to transfer to prinary? 153 .} 476 LPM, NTED //;////’ 21 110 L "/ /] 2.0 max.

et s B

Py

- —— s — s o

d) pid whistle fully cease after several breaths? F’Eé’:’; B e *Interstaga Pressure shall be 90 psig min.
A o d Cemnents : %
@) Turn cylinder off and breathe systam down., Did vhistle coms ' . e 8'3 +
on for low pressure warning? YEF R - o 6. Low Cylinder "Bressure Turn-On: . é {865 Z 25 pei)
. £) Com-znts: L Comments z ;

7. W¥histle Alarm Dynamic Full On/Full Off ™

_ ' o &)
Dynamic Full on Vis é PSIG (100-110 PST) ,,;)‘a‘

2., Interstage Preassure {Normal Breathing)

Inhalation Exhalation 7 Lockup After 31 Minutes . Dynamic Full off” PSIG {80-90 PsSI) ) G)
‘2 §2 psi 8@ psi (95 max) mPsi (120 max) primary _'-' " 8. Purge Plow . ' R %% !
" 1[G esi | L2 psi (120-140) iz_'zl@’iio?liﬂzggxgm;ﬂckup:« Vi e Lgn]imfmpnit r.-::tmi NTED \?;fwd :
ég' -1-3 8 '22 pai (95 mox) gd @:in?loozﬂgx?sgrimnq; o - . 500 /5? 125 to 200 LPM . d?% ,
ff4" psl _éga_pnl (120-140) M:fo(lguz::gx?séac;mp - 9. Mﬁo /«QZ/’/{@[&&/‘K/C‘ /7“’” ?ﬂﬂ/ﬁﬂli:).é})l‘
€300 28 pei : Flow ' Preasure Limitw é‘ LP
Commentss . . Inches of Wat[er Inches of Water i
crack {50 ec/min) . of +0.5 max. .
257 LPM, KTZD . le 40 © 42.0 max. . i
. _ : 476 LPM, NTED ' 2.8¢ . +4.0 max. o
' i
14

[P O v
= -‘.M#;;b%'ﬁﬁxx

NG R

1
4
-
e




\:-»'--'49 s - R VU SO SO - : _ e R e e e T

o7 FHcH TEMP 245 e pata: [O=—= ~f5 System §/% e
ER 1053 _
e o -~ H mwm oM. ASNNT__NENS__ WS SN S _ﬁ__— —

: ('-:» % 3. Prcss-'ro—'re_.t & Transfer . ';‘\'
FUHCTIONAL TESTS - ) ii o
Euer ] a) Engage P. T. T. breaths required to transfer to i
1. Turn on and breaths. Did vwhistle sound? \{f': 5 - . C backup pressure echedule at 4300 ¥ 200 pai, {3 breaths max.) ‘e
i
; ‘ ) . ~ b} Raloase P. T. 7. Z breaths required to transfer to i
2. Continue breathing. Did wihistle atop after paveral hzeathu?m . primn}'y pressure sohcdula at 4300 * 200 psi {6 breaths max.) f;’ 5
3. Engays vog u-t.gtcut and contlnue broathing. nid warning whistle : e) Engoyo P. T, T. / broaths reguired te tranafor to backup ka
scund? 'r; E; - pressure schedule at 1200 % 200 psi (3 breath: max.) . B
4. HRolease press-to-test and continue 'gfeat:hlng. pid warning whistle 4} Relcase s_- Ls Ta _._2:_. breathe reguired to transfer to Pﬁ’ﬂl‘-'!'
stop aftar several breatha? SN at 1200 ¥ 200 pai (& breaths!;max). . i
6. Comnents i e) Repeat P.T,T. and reiEnEs aeveral times and check for repeated
° P - transfer ard return from primary to backup and back to primary.
3 . £) Conments:
6. Perform an external leakagse test. None allowed. , " "4, pemand Regulator Inward Leskage (Exhalation Valve) .
L = e * ) Draft Flow Limits .
\ NQ E KACE . . Inches of Water ce/Hin. ce/Min, .
: 7. Turn cylinder valve cff and slowly breathe trapped system prassure -0.5 2:0 5.0
. down. Did warning whistle sound? i.g:: ) 2.0 L7 5.0
. .
8., Cormants %. Plow Draft '
DoginG- BREATADOVIN, NOISE WhS, NOTED —_— - :
FEL T";C W‘ NG /Fjj GTe ﬂf" ¥ R{ M&m Prrmax:y Primary Backug Backup | packup Limits .
" ,r i»:»»:v’-f' 4300 ¥ 11200 % |1200 2 570 100 in
s . . -l ) . Plow 200 psi | 200 pai | 200 psi| psi pai . HaO

PERFORMANCE TESTS . e

*,

: | B T el /7777 B, A WY A /A B

r’ 1. zInitial Turn On _.4:1@_ psi. Supply Pressure ' .+ | 178 neM, NTPD /7////"':////‘/7/// '//// 0,82, | 72-0 rax.
P _ : ;) { breathe required to tranr:fer to prinary : ' 257 LPM, NTPD . D8 ﬂ,,‘fﬂp / /4_ //// //i’ =1.25 max,

! (6 breaths max.) . 3
. b E & _ psi primary pressure o : ' . 390 LPM, NTPD ng 'OH fi’ ",f:/‘/,//,//_/, /_//; 2.0 max, k
: . — 7 - = i
: c) vDid whistle sound moment:ur:.ly prior to transfex to primary? tEg . 476 LPM, NTPD //j/‘// ///,// L0543 ////;" -2.0 max.* !
‘ m— } . i
d} DJ.d whistle ﬁully ceass after several brem:ha? g ﬁznterstage Pressure shall be 90 psig min. l

= - ‘Comments: !

€) Turn cylinder off’ and breathe system down. Did whistle come I

'

on for low pressurc warning? : 6. Low Cylinder Pressure 'ru:n-On- 25 ‘2 (865 ¥ as pnx)

£} Comments: EZ‘Z 5 SI "{ ﬁ.xq:Fr; pr:a ,ggﬂg’ﬂﬂdg g‘,ﬂg ;aﬁ‘ 21£Nma‘f Iﬁf" ﬁ’ Mﬂﬁ( Comment:s Ix\

: 7. Whistle Alarm Dynamie Full @11 Off e
2. JIntersizge Pressutre (Normal Breathing) yn o2

: . : . ! i Dynamic Full on PSIG {100-110 BSI)
Inhalation Exhalagich Lockup After 3 Minutes Dynamic¢ Full off 516G (8C-90 PSI)

AT : . i O O
g’g _psi. ﬁ,a psi {35 max) Q:Z @p:i (mo max} primaxy 51 ’% . 8. Purge Flow . A . ' ;
. : 00 1 200 psi . rd Inlet Pressura Plow Limite l e
L2, pst -in-"“ (12!, 140) .mg—fé:;'uél'ioz’;;”)'f“"“" 8 E BSIG LPM, NTPD LPM, NTPD : i
b —— I
70 _psi T oni (95 maxy B pei. (100 max) primacy = @ 300 155 125 to 200 LEM i
1200 : .- 200 pai B _ ) !
_Ll&:'_psi _L‘%mi {120-140) p si (150 max) ‘backup % ?; 9, Exhalation E‘lovﬁl?? F Y Iﬂrd)f) Jobrst  I7ELPM 90?5} er‘ . :
' ) . @aoo }g psi E; [op] . Plow - o Pressure Limite . ' i
. . Co:“-.:eﬁtsx tq \’_‘j Inches of Watar Inches of Water -i
Co ™ 3 (R '
’ ; o ’c'j% Crack {50 cc/min) .10 +0.5 max., .
N ] " . - 257 LPM, NTPD / d. +2.0 max, . :
| . : _ . 476 LEM, NTPD 2.7 . 4.0 max.
1
. - 1
. e 1
Foil i . N !
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CTICHAL TESTS
Yes
pid whistle stop after peveral bresatha? KES
-.Enqage press-— o-test and continue brex
sound? _ Z'F_:S

1] ‘brenthing.
=5

Turn on af_:é! bre:it:;he. Did whistle sound?

Continue 'hreathing.

thing. Did warning vhistle

‘Release press—~to~test and contin

Did warning whistle
stop aft-r several breaths?

Ccmmenta t

Parform an eiternal leakage teat. None: -nllowed.
T HBECIMIN ECW CYAINDER VER T LEAKREE

SMALL L ER RS P T ifigagggg VALY W T CORAD MoT MEASIRE

TUrn cylinder valve off and slowly brenthe !:rappad system pressura
down. Di.d warning Hhi\tl& sound?

Comments o : i ‘

FORMAMCE TESTS _ _
y Initial Tiirn On &3 20  psi, Sﬁpply_ Pzeuure.
a) o ,

<) D:Ld éghi.stle acund momentarily prior to transfer to primaxy? EES‘
d) pid wh.Ls..lc fully cease after savetal breaths? 253 ' '

'-) Turn.cylindir ©ff and breathc system down. pid whistle come
: on for low pressure warning? £S5 C.

brea.t‘hl regquired to trnnufﬂr to primary
{6 breaths max.)

b) pei primary pressaure

£) gommen tat

n age

{Normal Breathing}

sssure _
Inhalation Exhalation ' " Lockup After 3 Minutes L
1% pii G pai (95 max) &_p‘si. {100 max) primary v
) < @4300 } 200 pai .
{21 psi £30 pai (120-140) /3O psi {150 max) backup
. ) ’ : &4300 ¥ 200 psi
‘fgg psi Sb psi (95 masx) SQ psi (120 max) primary
: - N @L200 200 pai
{f2. psi- L2 (120 -140) 122 psi {150 max) backip
@00 g pat
Comzents: )
~»p._$urw b S B s AT i Sy

T

3

Datet I e e an System S/N

\—s r

ABETER TZ2HR M1 PPEss. £Y PisyRE

3. Press-=To-Test & Transfer

a) Engage P. T. T. / breaths required to transfer to
backup pressure schedule at 4300 * 20p psi. (3 breaths max.)
. b} Release P, T. T. / breaths reguired to transfer to
. Primary pressure schedule at 4300 I 200 psi (6 breaths max.)
e) Engage P, T. T. { breaths required to trapsfer to backup
. pressure schedule at 1200 + 200 pai (3 breaths maix.).

2— breaths required to transfer to primary

d} Release P. T, T.
¥ 200 psi {6 breaths max).

at la2o00 *

e} Repeat P.T.T. and release several timea and check for repeated
transfer and return from primary to backup and back to primary.

£} Commenta:

e

4. Demand Regqulator Inward Leakage (Exhalation Valve)
Draft Flow Limits
Inches of Water ee/Min, ce/Min, |
~0.5 3.5 5.0 ‘
-2.0 E 5.0
5. Flow Draft : .
Prlmary Primary Backug Backup | Backup Limits i
4300 ¥ iz00 ¥ 1200 * 570 100 in : :
Flow 200 psi | 200 psi [ 200 psi| psi psi . H20 :
. ;
Cracking {50 ec/min) /7//’// 0.94 | 0.44 0 ;/, :/7/,; ~0.1 to =0,5 ]
: s 4 - - B
178 LPH, NTED ////(/,{////////// ////{, &, 90 | =20 max. :
' ’ N
257 LpM, NTPD .50 | poag r20 /0¥ L2 rax. :
N W AW WL A AT
i i 3 4 . . . H
476 LPM, NTPD o) a8 0 ¥ 20 max. -
*Interstage Pressure shall be 90 paig min. ‘
. Comments:
6., Low Cylinder Pressure Turn-On: Eﬂ {ges * 35 psi)
COmmr:ntg:
7. W¥histle Alarm Dynamic FPull On/Full Off *~~
Dymamis. Full ‘on "~ psYG (100-110 PSI}
Dynamic . Fall off PSIG (H80-90 PSI)
8. Purge Flow
Inlet Pressura Flow v Limite
PSIG LPM, NTPD LEM, NTED
—
300 oo 125 to 200 LEPM %h:\ *
9. Exhaiation leﬁ"d 0.7?/!/- ﬁ-’*o ”ﬁf’}/ /73'/-?#1 ?J’,}? M’M" E;{;‘ ]
. ot
Flow Pressure Limits =t |
Inches of Water Inches of Water W
Ccrack (S0 co/min) g, 7o +0.5 max. ' .
257 LPM, NTPD /30 +2.0 max. .
476 LPM, KTPD 2.50 +4.0 mat.
‘ 1

s R
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([ tih !::JT"
Did whia!:le ncund?

}//L’s

Did whintie ltop after several breaths? [

1. Turn on ond bremtho.

2. c:mt:j.nue bre'athinq »

3. Enguigu yu.a,—t.o-!;o-c and contiauc b:.‘z,nlhi.ng. . pid warning whietle
; sound? L .

4. Rolease prna--to-tclh and continue b?nt‘ning. Did warning whiatle

stop after several breaths?

5, Comments:

Hone allowed;

Az C'C/”j// f.o:.o CY AL A2 !/i’/ig's‘FE? VENT c,r-m( (33

6. Perform an axt.‘arnil leakage test.

¥. ; Turn cy}.inder valve off and slowly bre the trapped system pressure
© " down. pid warning whistle sound? : E; <

8,

Conments

BrnT

ERI0DICAH
mmg,gmc& 'rzszs _ . .
_1. nu.ti.nl Turn On 42@2 'psi. ‘Supply Pressura .
- a}. . é breat’hs required to transfer to primn:y
R j g ) {6 breaths max,) -'

1 28 primary pressure
¢} Did vwhistle sound mo'ruex‘u:ari-ly prior to tran=fer to primary? EE‘S

g
e) . Tirn cylinder off and breathe system down. Did whistle come

on for low pressur# warning? . . .

)

d) pid whistle fully ceane after saveral breathe?

£) Cocmments: .

‘2. ntergtaoas (Noxrmal Breathing)

asgure
Inhalation: Qghalacxon Lockup After 3 Minutes )

psi

?0 psi (95 ma.x) flg,fpn (100 max) prima.xy
: ®@4300 T 200 psi .

- 130 pas (120-240) [T psi {150 max) backpﬁv

@4300 * 200 pai
fQ— psi (95 max) Z'Z,psi, tma max) primary

- [2 2—.pli‘
\'7,4_:’ s

o _ @1200 ¥ 200 psi
///Z- psi f2Z psi (120-140) 124 bsi (150 max) backup

: : @800 ¥ psi
ca:m'ent:u

2 &%ﬁs& ¢ i e n St

—— -

i -

) 43—~42—
pate: SO O S E System S/ -
ONNE-o. AN cOHER R MRS SRS rERAN AR SE e
el 71”'7}%},5 EXPOSURE AT /65°F FoR
3. Press-To-Test & Transfér e MRS,
a) Engage P. T. T. , breatha required to transfer to
’ backup pressure schedule at 4300 } 200 psi. (3 bBreaths max.} '
b} Ralenpo P, T, T. breaths reqm.red to transfer to .
primury pressure scheduls at 4300 * 200 psi {6 breaths max.) .
@) Epgago . ¥. T. / breathie roguirod to transfor to bachkup
prossure schadule at 1200 t 200 psi (3 breaths max.).
d) Reledss P, T, T. 2 brenths required to transfer to primary
at 1200 } 200 pai {6 breaths max). .
e) Repeat P,T.T. and release meveral times and check for repeated
tranofor and roturn from primary to backup and back to primary.
£) Comments:
‘4., Demand Requlator Inward Leakage (Exhalation Valve) .
Draft Flow Limits
Inches of W_a@:_:_ cc/Min. cc/Min, .
-0.5 ﬂgé 5.0
~2.0 L) 5.0 -
5. Plow braft ‘
anary Primary Backug Backup | Backup Limits
4300 ¥ 1200 ¥ 1200 X 570 100 - in
Plow 200 psi | 200 psi | 200 pai| psi pei H>C :
- - k1
Czacking [50 cc/min) /Z/i‘ ;/ a. 3&’ 4. 38’ W//// -0.1 to -0.5 i
/,57 //’7 r, 7 - .
178 LBEM, N’Iipn //// ///// .:’/:// A, b 2.0 rax, :
257 LBM, NWTED 6.9 | 0.% / 10 //?,‘: //7/ -1.25 rax.
> ry s / - . - 3 l
390 LEM, KTPD 2,75 | 0.9 [ /,/// /7 2.0 fax. :
476 LPM, NTPD ////J/)// 420170 L‘ff_//// -2.0 max,* '
. L
*Interstage Pressure shall be 90 peig min. ) ‘
Comments : 'uz?}i’#/?,qgm I"lj!T:"'l:f?t P AT 47LLPM |
" 6. Low Cylinder Pressure Turn-On: 835— (g5 ¥ .as pai) l
Comment.s s ‘ :
7. Whistle Alarm Dynamic Full On/Full Off **° %% E
— v
Dynamic Full on PSTG {100-110 PSI) vl B3 §
pynamic Full off PSIG (80-90 PSI) %‘a
8. purge Flow . : B
= &,
Inlet Pressure Flow Limits £ vd
PSIG LEM; NTED LPM, NTED g
!52) W G
300 125 to 200 LBM g“‘:_"

3c0 OWEINHo 113 516 178LFm 90P5/M/M

Lxmit:
Inches of Water

9, Exhalation Flow

Pressure
Inches of Water

Flow

, Crack{50 ec/min) O ﬂB +€.5 max.
257 LoM, NTED 1.30 +2.0 max. . ,
476 LEM, NTED 2.560 - +4.0 max.

e B o
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PURCTIONAL TESTS

1.

2a

- 3.

PERFORMANCE wpsms

i.

2.

' Tum cyl:.nde:' valve off and_ slowly

VL§

Conbinue b:e'n.thinq. Did whistle utop after several breaths? g.-_:S'

Did whistle sound?

furn on and breaths.

zngage presg-to-test and eont.j.m:e breathing. Did warning whistlae

sound'z -

Rellea-e press~to-test and continue breathing.

pid warning whistla
shc.p after several breatha? N ES :
I

d Cnmenta-n

None allowed,

wwe

bregthe trapped syatam pruaura
¥a 2 ﬁ

Perform an external leaksge test.

down. Did waming whistle -ound?

Comments o o

Dat:e t

as.... .‘..d. 5, ax

‘7/ 3{‘ /7"{ Bystem §/R -
o NN SN N P, E - -

AFTER PRoo” F RES?.
FOR &M

REST. G757

Proga-Yo-Tust & Transler

a} Engage P, T. T. breaths required to tranafer ta
backup pressure scheduls at 4300 * 200 psi. {3 breaths max.)

b) Release P, T. T. / breaths required to transfer to
primary pressure achedule at 4300 ! 200 pai {6 breaths max.}

¢) Engage P, T, T. 14 brea.tba reguired to transfer to backup
Pressure scheduls at 1200 * 200 psi (3 breaths max.).

d) Release F. T, T. L -hreaths required to transfer to primary
at 1200 t 250 pei (6 breatha max), ©

e) Repeat: P.T.T, and releage sev‘_\ral times and check for repeated
trangfer and return from primary to backup and back to primary.

£) Comments: _ O K 43200 é) /2 00 PPS;  ReELPEATE P

4, pemand Requlator Inward Leakage (Exhalation Valvel
Draft Flow Limits .
Inches of Water cc/Min. ce/Min,
-0,5 - ¢.30 5.0
~-2.0 5.0
0,50
5., FPlow DPraft ~
7 Primary Primary Backug Backup | Backup Limite
4300 ¥ Ji200 % | 1200 2 570 100 in
Plow ‘| 200 psi 200 psi | 200 pni psi psi Ha0
N re o ae
Cracking(50 ee/min) V' /] 3z | . #l 7/ /7 0.1 to -0.5

Initial Turn on Lf-?z?ﬂ pei. -Supply Pressure - '

178 LPH, NTED

-2.0 max.

//////-'//////7/ A/ ANY

al / )
5y

breaths raquired to transfer to primary
{6 breaths max,)
psi primary pressure

b)

257 LPM, NTPD
390 -

=1.25 wax.

6. |20 & ///.V//’///,

-2,.0 max,

c.g | a7
7Z////[//ﬂ

.

) . L . = e
€) Did whistle sound momentarily prior tc iransfer to p:inary7‘y55 . | 4. »PM, wrED 1.{," *: /-0 f//;/// -2.0 max.*
@) Did whistle fully cEase aftéx: several breaths? Yizs i *Interstage Pressure shall be 90 psig min.
' Comments : :
¢} Turn cylinder off and breathe system down. Did whistle come % 247 6-—- +
on for low p:nsuro wazning? = . ) . 6. Low Cylinder Pressure Turn-On: 2 /- = fA6E 1 35 pal)
£} commentsg: . Comments ; v -
) : 7. Whistle Alarm Dynamic Pull on/Full Off "~
Jnterstage Pressure {Normal Breathing}
, . _ . pynamie Full on __ #C&°  psre (loo-110 PsI)
. XInhalation Exhalation lockup After 3 Minutes Dynamice Full off _ Gof ] PSIG (80-—90 PSI)
L3S pai T pai (95 nax) g?psi (100 max} primary | 8. Purge Plow . -
c i ¥ .@4300 ¥ 200 pai . Inlet Prassure Flow Limits
B gﬁ:f psi - ! z;pli (120-140) ’f )@nguéliuzz:x)sl;.ackup PSTG LPM, NTED LeM, NTED
; 3 =
- . . .
/¢ psi ¥/ pei (95 max)’ _SL. pai (100 max) primacy 300 150 125 to 200 LEM
—_— : @1200 T 200 psi .
JER pai /33 cai (120-140) FFF pai (150 max) backup 9. Exhalation Flow
‘ L0
@800 —go pei Flow Pressure Limite
Commentas : . Inches of Watar Inches of Water
' i ' R ‘2rack (50 cc/min) C‘ o 5’ +0.5 max.
' 257 LPM, NTED .3 +2.0 masx. y
. 47€ LPM, NTPD Ll +4.0 max.

. e ewe =




- . ) | . - rhl.-na LO0—=Z~ 7‘?‘ . cyutcm S/N

S . TEET MBCURD. - BB _LU53 -
st :. Vol Vidiang - i et M ;nj M_p,a,-,.d m E i mm.d fmﬂ' m W
) - Fiqure 2 — .
y , Jflquze 2 \ i ok AFTERZ 800 Cycd s -
= ' ) 3., Pregs-To-Tent & Transfer BN
AL Bﬁ:é‘ . . b, 038
, i : . o a} Engage P. T, T. breaths required to transfer to
1. Turn on uAd bresthe. Did vhistle soundz - YE 8 . backup pressure schedula at 4300 * 200 psi. (3 breaths max.)
. . . 1{ b} Release P. T. T. \Z breaths requ:\.red to transfer to
:}2. Continue bze_nthing. Did whistle stop after several braaths? EsS pr:.max:y pressure schedule at 4300 & R 200 psi (6 breaths max.)
3. Engage pre §o-test and continue breathing. pid warning whistle - ©} Engage P. T. T. Z breaths requx\ted to transfer to backup
gound? E—E:S - pressure schedule at 1200 % 200 psi (3 Lteaths max.).
4. Release press-to-test and continue breathing. Did warning whistle “d) Release i‘ ‘7, T, ___“{——breaths required to transfer to p:i.mary
stop afEerf.':eve:ll breaths? \?165 B at 1200 % 200 psi (6 breaths max). .
¥ T R e . ‘ .
= L ' ,/'/' N . ) Re;:ea*: P.T.T. and release several times and check faor repeated
‘5' «c—"M' ) ,y/ . SN . ) transfer and return from primary to backup and back to primary.
. 7 . ’ i :
a7 o i Y i . . :
- — 7 : TETE THAA B "f/ﬂ LEARAGE £) Comments:

PR

5. ‘,gﬁ e allowed. 4. Demand Regulator Inward Leakage ({Exhalation Valve)
: oLt peyen. Draft ' Flow Limits
‘,__"q & TH RU f?”’é 1*‘# 7 HCLE Aow CVLINDRE CTUATOR P Inches of Wgter ce/Min. cc/Min,
7. THrs cylinder valve off and slowly breathe trapped system pressurs , R 0.8 OO L 5.0 .k
down, Did warning whistle sound? ?‘_ * ’—2:6 0' 04_ 5:0 .-
® 8. gomments o ' : _ 5. Flow pragt ' .
o 2 - . & ' A '
o » . Primary Pximury Backup | packup | Backup Limits
) 4300 ¥ {1200 & | 1200 % 570 100 in
i S o s ! Flow 200 psi | 200 psi | 200 psi| "psi pai, A HaO-
PERPORVESCE TESTS 3 = b -t - - o
p : . : | cracking(50 cc/_min)a‘/ A// "//// LS 0.1 to -0.5

L. Initial Turm On, G300 psi. Supply Pressure . 278 vow, woes ////////7///1//// ////‘.' ENR T

&) ! bruiathc regquired to transfer t:o pri.um:y i 257 LBM, NTFD .;,6‘ //’/f/'i" ,/.’/"/// ~1.25 max.

» {6 breathms max.) o ) . . . Sl F:
B 3] 28 psl primary pressure T ! 390 .LPM, NTPD w"::‘;.,f_', 1, g’ . // ,/:,/, /%/;"' =-2.0 max.

; ' - ‘ [ O P 57 A AT N P
c) Bpid wh?ntle scund momentarily prior _g_q:‘tzansfe; to primary? £S + | a76 LoM, NERD N7 J//‘-_?: //{/// N ?*_ V274 ,ZM -2.0 max.®
d) Did whistle fully cease after savez'al_ breaths? g's : *:Fnterstage Pressure shall ¥e 90 prig min.
8 : : T, ' . " Comments:
@) Turn cylinder off:and breathe system down. Did whistle come i +
N on for low pressure warning? = . . ) _ 6. Low Cylinder Pressure Turn-On: 5 2 {BGS s psx)
. £) Comrents: . . ) ) . S . Comments : .

s+ 7. Whistie Alarm Dynamic Full On/Full OFf
2, . Interstage Pressure (Normal pteathing) S ynam /

\ o -3 Dynamic Full on ._ /@G ps1c {100-110 psi)
Inphalation Exhalation - Lockup After 3 Minutes a L Dynamic Full off i 1 PSIG {80-%0 PSI)
-» . - ; '

._Z&P-L _ﬂpli (95 max) _?,Q‘pu‘ (120 max) primary 7‘5% ! 8. Purge Flow . . .

: ®4300 * 200 psi _ P . : v

2 e O e Inlet Pressure Flow Limita
L= et MP“ (120-140) @:;Oéliozfg:"; l?aﬂkl,lp =5 PSIG LEM, NTPD LBM, RTED : '
76 per ) _ZLPH (95 max} f;g_;_psi {100 max) primary . £ vl . ' 300 /f}4 /Lf&’ " 125 to 200 LPK
A, @200 * 200 psi o SR " /E .
2272 pei \}f'ﬂpli (120~140) [30 psi (150 max) backup T x y 9. Exhalation ¥low.5Zv [ 78 CPE papar, * 9’ H"” /.IJ,’.E:R
: -, : ¢ @s00 -gﬂ ped . ) : . © Flow Pressure Limits

I N Ty ' Inches of Water Inches of Water

Comments: ‘ _ . w P B
. 3 i = . Crack {50 cc/min} . 007 ' 40,5 max,
) - T _ — 257 LEM, NTPD . 1.3 o +2.0 max. : .

A ' o . e W 476 LPM, NTPD 2,¢ o +4.0 max,




Date; /Q_f ﬁ(,{ﬁ . ' System S/N . ;
Do RN, SNERN___ AN SN WG RENRS/N e i jesosed
AFTER /50c LYCLES

3. Prepa-To-Teost & Transfor

£ P u L e R S -

. N T L TEST RECORD _
: L : - Figure 2 :

* PURCTIONAL TESTS

. : - _ a) Engage P. T. T, [ breath: required to transfer to
1. Turn on and bremthe, Did whistle sound? _. }/!:-S _ o backup pressure schedule at 4300 ¥ 200 psi. (3 breaths max.)
2. cContinue breathing. Did whistle stop after several breaths? EES : b) Sﬁ}:‘:i; g;eﬁéuzé EEhe_giFazrz;ggﬂ rgg‘sigsg ‘('-g E:’:::::Im::-i .

" 3. Enqane prcll-to-telt and continu- breathing. Did warning whiatle

e) Engago P. T. T. Z breaths required to transfer %o back!.\p
i sound? . i pressure schedule at 1200 * 200 pei {3 breaths max.), .
' 4. Release press-to-test and continue hrsathli'ng_. Did warning whistle @) Releasa i. T. 7. _..i._ breaths required to tranafer to prim:‘y
stop after seversal breaths? Yes ) : at 1200 ¥ 200 psi, A6_breaths max). :

-"‘"_""— )
S. Commentss ; ' @) Repeat P,.T.,T. and :eleasa seves ‘Al times and check for repeated 4
e 2 : tranurar and return f£rom p:imary\!:o backup and b:n.k to primary,

£} CQrm-nnnts- E\\
. 6. Purform an exr.e:nnl leakage tut. None allowed. &, Demand Regqulator Inward Leakage (Exhalati.on Valva) !
hdis CZ( I Qég iﬂEe!ﬁ Kol & MEZZ SZLQ!Z LEakr Caul D Mp; 7 8= Draft Flow -:_‘L:.mi.!:s ’
MEASSRED Inches of Water ce/Min, ‘TCZMLn. ‘
7. Tuxn cylinder valve off and slowly breathe trapoed system pres-ura -0 Y e g -
down. Did warning whistle sound? Eé’;;’; _— . : _2:3 : 8’ %-oﬂ ' \\;:0
) - . ) ' -
o i : - s d ﬁ -
8. Cornonts 4 a . 5. ploe praft _ yi
. i T _‘ B .
anﬂl‘f Primary Bacllugﬂ Sackup | Dackup Limits ‘
o . 4300 T } 1200 ¥ | 1200:2 510 100 in :
. ) . _ : Flow 200 psi | 200 psi| 200 psil “psi pai 10
FERFORMENCE TESTS - ' ' = y

. | , o craciing(s0 ce/min) 17777 1) 30| 0. 49|/ ] -0 w0 0.5
1. snitial Turn on _£308  pai. Supply Pressure 178 LEM, NTPD /7////Z///;;//"// N | =20 max.

a) ,f . ‘bresths.reguized to transfer to primuy

. ‘ - Sl T —
: o {6 breaths max.) . 257 LEM. NTPD g.7¢ | ol 080 Mz_//;’. V) 1es max i
o FE maWmEmEN v Togs Lage o A 7 ] |
¢} Did whistle sound momentarily prior to transfer to primary? EZ§ © | 476 LPM, NTPD . /"’_”A //:// AR - RN, /,‘/'//1‘ =2.0 max.'
©-....8) Did vhistle fully ceass after several breaths? _J/55 *Interstage Pressure shall be 90 psig min. .
. Com'men!:s : =

< . #)} Turn cylinder off and breathe aystem down. Did whistle come ]
7.0 on for low ptelsuta warning? ) &- 5 . 6: Low Cylinder Preasure Turn-On- a Eﬁ L (8s5 ¥ 35 psi)

£] Commenta: - S . . Co'nments.

i
4 e e gt 1

(0]

vT
14

: “ o S ’ 7. Wh:stla Alarm Dynamic Pull On/Full Off *%° -
2. jnterstaqe Pressure {Hormal Breathing) : .
: T - o Dynamie Full on {Q & _PSIG {100-110 PAY)
Izhalation” Exhalation . Lockup After 3 Minutes LS . Dynamic Full off . PSIG {80-90 PSI)

(95 wmpx) i’[ ,2 psi (100 max) primary
®©2300 ¥ 200 psi

o

E
PR
400d 80

Purge Plow

i e | ‘ X L i
S _/_2_7_3___9-1_‘ L3 % psi (120-140) Lﬁpsx {150 max) hackup Inle;sgéegsura LsﬁwN‘TP.D ng.!milg';l’n . % H;J :
B : 4300 £ 200 psi = E”j
73 pei. B0 pes (55 max) L pei (120 max) primary . 300 /%0 125 to 200 LEM T
R . 1200 200 psi ) ' L d , t
422 psi /30 pii 1120-140) /3 Epei (150 max) backup 9. Extmlation Flov . O FQIX o 114516 f?f’LPM 90 754 mid, *j Ly
= N + . . -
o @300 -20 pai s Flow Pressure Linits
: cas . . 0 Inches of Water Inches of Water
: . i . ‘Crack (50 cc/min)} 04/0 : +0.5 masx, o ‘
- ~ _ 257 LPM, WTED : /.20 +2.0 max, . .
o o ' ' 476 LPM, NTPD 2.5%0 +4.0 max,
- . . 1

. e 3 e T 0t el Ty

'
S
1
SR




e

TEST qnl\n
-—‘”i-

,‘\ R Ce Fi Figure 2

EAMCTIONAL TESTS

1.

=]

2.

3.

4.

6.

i

7.

8

1.

2.

_ntop after saveral breaths?

V 2) 2

Turn on and braathe. Did whistls sound? ) Vl; S

. . /-
Crmtiﬂue breathing. Did whistle stop attet several breaths? }5. =

mqaqe press-to-test and contifme breathing. Did warning whistle
sound? &E.—.g .

Mle}se press-to-tast and cuntimsi,}zeathing. pid warning whistle
f

i
Cozments:

Perform an external leakage ie:t. Hone allowed.

hxezth::s trappoad nyntm preasurs

furn cylinder valve off and slowly
down. ,umd uaming whistle scund?

Co mrml:s '
BMRNC ’
) w .
Initial Tuen On 45&2 pai. Supply Pressura

hnlth' reguirad to transfer to primary
(6 breaths max.)

" b) iﬂ i pei primary pzessure - ;.
. ;£) Did whistle sound iauntaril.y priox to tzans fer tu primary? Z{'ﬁ
4) Did whistlé fully cesse after several hreaths? ___2{15"; .
e} E_'Turn cylinder off and breatha system down. Did whistle cone
on for 1w pressura warning? .
. £) LBunents i
Jnterstage Pressuce (Normal Breathing) i
Inhalation w-;atigﬁ Lockup After 3 Minutes .

. 8 0__osi £9 pai (95 max) ﬁi_psi (100 max) primazry

@2300 ¥ 200 psi

£2fz bpsi  J 34 _pei (120-140) {39 pai (150 max} backup
@4300 * 200 psi
22 pei &2- pei {95 max) 2& psi (120 max) pimary
: A . @1200 * 200 psi <
18 oei [BD psi (120-140) [I% pui (150 max) backup
h

@600 T8y pai
Coxmaantss -

A A s o

. Date:

- *'?

/6?-- - 7‘f Syntem S/

. SREN __GEUR _GmEw  SEaenc wm u-a_____-—.:_
AFTF 2500 C,VCL:S‘ .

Preas-To-Test & Tranafer

- [ bredaths reguired to transfer to
sC cdu ® at 4300 t 200 psi. (3 breaths max.)
Relcase P. T. m. 3 h:eat’rs xequirxed to transfer to
primary pressure schedule ! s‘i‘. 4300 * 200 psi (6 breaths max.)

a) Engage P. T. T.

‘backup pressure

b)

Engage P. T. T h:rea the required to transfer to baekup'-

c) .
- progsure schodulo at 1200 o+ 200 pel (3 broaths max.).

d) Reledise P, T. T. _aZE ~ breaths required to tranafer to primary
< at 1200 F 200 psi (6 broaths max).

«)

Repeat P.T.%, and release severa) times and check for rapeated
transfer and return fmam primary izo backup and back to primary.

£}

VCDmments: 3!ﬂ£ ;SJP:;;] fod é,?;d TS TEAQY: &EZE 7 7o VE};%}#&R
Demand Requ‘*wor Inward Leakage. (Ex‘ualaticn Valve) { PRIMAT

4.
Draft Flow Limits
Inches of Water co/Min, ce/Min.
-0.5. 5.0
—2.@ 5.0
5. Flow Draft : f .
Primary Primary Bac‘kug Backup | Backup Limits
4300 T | 1288 & | 1200 570 100 in
Plow 200 psi | 200 ps:. 200 psi{ psi © pai Ha0
Cracking(50 cc/min) |/ 47 YA AN AR TEE
178 Ley, NTED ////A/?///////'/// S 070 | 2.0 rax.
257 LPM, NTED o.64 | 0,72 l0.98 |20 . /) ~125 max.
390 LeM, NTED' .82 Vp 6 1/ 2/ %/ V) 2.0 max.
476 LPM, NTED f///,///V/,/// .24 | 1,20 S <2.0 max.

*Interstage Pressure shall be 50 psig min.

Comments:

6. .

7.

9.

Low Cylinder Pressure Turn-on: A 2 2 {865 * 35 pai)

‘Whistle Alarm Dynamic ,Full on/rFull oft -~

Dynamic Pull on _ /OQ& __ pSIG (100-110 BSI)
Dynamic Piall off PSIG {80-90 PSI) _
Puxrge Flow ‘
Inlet Prassure Flow Limits
PSIG ' LPM, NTPD 1.BM, NTED
300 136 125 to 200 LEM '
Exhalation .Plowsco &-ﬁ HzO 114‘ Bic 178 ?Pgl’ A

Limits

Flow Pressure
Inches of Water Inches of Water
Crack (50 ce/min) .04 +0.5 max.
257 LM, NTPD 7.20 42.0 max.. .
‘476 LPM, NTED 2.30 +4.0 max.

i@

- ettam




2.

AITTVED 9004 do
&

— a et

£iED

T

AT

.

© ST-EE

d) D}'d vhistle fully cease after severz) breazthas? zfé

¢} Turn cylinder Y££ and breathe systen down. Did whistle come

on for low pressure warnlng? YES .

£) gemmentae

*Im:_grstacje Pressure shall be 90 psig min.

Comments ¢ ] :

" JE e : R - .. -
bates L R e e . - System S/8 .
o o paniciy &' R i W“’” sim__é-___- MO RN S e
i . = - g g
~Eaguze g AFTER 3500 CYCLES -
o : : 38 ) 3. Prasa-To-Test & T“nnsfex:
o . : aj Engage P. T. Ty braath: required to transfer to
3 -
1. Turn on and breathe. Did whistle sound? . YES " vackip pressuze °hed“ié at 4300 T 200 psi. (3 broaths max.}
. i . A g !ie ‘ L b} Release P, T. T. 2 breaths required to transfer to
1_‘. Coritinue breathing. Did whistle stop after sseveral breaths? 125 primary pressure Schedule at 4300 * 200 pai (6 breaths max.) .
3;” Engage prass-fo-test and continue breathing. _ Did wazning whistle : ) e) Engage oW T. 4 breaths required to transfer to backup
#ound? : ké:.ﬁ : . »,g_ . pressure schedule at 1200 % 200 psi (3 breaths max.).
4. Release press-to-test and continue breathi.ng. Did warning whistle - 4d) Release i "T. T. ...._._._3.._ breaths “quiﬂf-‘ to transfer to primary
stop after several bunths? () . at 1200 ¥ 200 psi (6 breaths ma:
c e} Repeat PUT,T. and release several times and check for reueated
. 5. ———4119—' transfer and return from primary’to backup and back to primary.
= £ © 3
6. Perform an external leakage teat. lione allowed. - A, Demand Regulator Fnward Leakage (Exhalation valve)
ﬂfJE praft Flow Limits
g oo Inches of Water ccjjun. ec/Min.
7. . Turn cy‘l.mde: valve off and slowly brt the trapped system pressurs R 0.5 0.0 g 5.0 i
down. Did warning whistle sound? z’E_,i ‘ . 2.0 002 5.0
8, Comients 5. Plow Draft . )
’ Erimary | Primary Backup | Backup | Backup Limits
- 43003 (1200 £ |1200 % | s70 100 in
Flow s 200 psi | 200 psi (200 psi} psi | psi H20
:HQEE"EE IEH - . : . ‘,_ v o o-
= : Cracking{50 cc/min) ’////é‘//ﬂ,‘?-g . 0'44- %—'Z,/ _./?,":-" -0.1 to -0.5
_fiﬂ_ — . S f 7 v P e
1. 'Initial rurn on ﬂ psi. Supply ;Pnsuun 178 LP§l, NTPD ,;////// //% /Z//W/ .'0,34/5 2.0 pax.
a) { breaths required to trmafrr to primsry 257 L NTED ” s _ : Ly «1.25 max.
© {6 breaths max.) L 7 LPM, _ 2. 70 2.7 ﬁ}{f ’/1/!,-',‘/_,' ////’ 1.25 max
‘b si primar gaure K 330 LPM, NTPD : N oy yz s NS ] 2.0 max.
) BF93 puip ¥ pre | o . | Q.87 | .87 [ LA L L) mo pax
€) Did whistle sound momentarily prior to transfer to primary? _JES - | 476 LEM, NTED 4 - ///A g /_./-’_. L1E /.7 //;// -2.0 max.'

6. Low Cyl:.nder Pressure ’ruzn-On..» 8 50 _ (@865 ¥ 35 pei)

. Commenta ;

Interssese Pressure (Kormal Breathing)

Inhalation Exhalacion f.'gckug After 3 Minutes
ﬁ &_pli (25 max) ‘ﬁgﬁ. {100 man) primary.

#4300 ¥ 200 psi

: ": 4 ’,pli éié_psi {120-140} ‘2./3 psi (150 max} backup

: e . @4300 * 200 psi _
__é_g_pli.,—{, 05 si {95 max) al psi {100 max) primary
®@1200 * 200 pai

222 ot _[jf't_psi (120-140) /3% oai (150 max) backup

2800 g pai

°;"~3‘-i~";3,‘;—";'=4?=»f~ - ngz&z,/uwm

7. Whistle Alarm Dynamic Pull On/Ful) Of£f

Dypamic Full on ___ PSIG {100-110 PST}
Dynamic Full off

: 8. Purge Flow :

Inlet Pressure

PSIG
300
5. Exhalation Plow> > 0.6

Flow

PSIG” (80-90 PSI)

Plow

LEM, NTPD .

/25
0 MR i s/

Pressure

Inches 'of Watser

Crack {50 co/min)

AFTER Koam Em . ock UP 93 Ps/5,

B I TR DT

257 LPM, NTPD
- 476 LPM, NTED

0,2

0

30
230

Limits
‘LBM, NTPD

125 to 200 LPM

1750 m TP e

Limits

Inches of Watey

+0.5 max.
+2,.0 max.

+4.0 max.

e o S———— i 1. T ey e +a4 4 e rp = e e

A o - e
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Press-To-Test & Transfer

mn—ﬂ—"-@’—

* FPigure 2

PieT ! miAl,_TESTS

v a} Engage P. T. T. breatlis fequired to transfar to
1. Turn on and breathe., Did whisth sound? i !'t-rf

- backup pressure ac:hcdule at. 4300 * 200 pai. {3 breaths max.)

b) Releage P, T. T. 2 hreatha requlred to transfer to

2. 'E:ontinue b:cqthi.ng. Did whistle stop aftexr several btea:hl? _Ei__ primary pressure schedule at 4300 * 200 psi {6 breaths max.}

3. Engage press-to-test and continue breathing., Did warning whistle c)' Engage P. T, T. £ hreat‘hs reguired to trapsfer to backup
sound? § ge ‘ B . pressure schedule at 1200 I 200 psi (3 breaths max.).
4. Release press-to-test and ccnr.inue breathing., Did warning whistle : d} Releasa P, T. T. 2 breatha requill‘-'ﬂa to transfer to primary

at 1200 * 200 psi (6 breaths max).

Vs

stop after severzl breaths?

:"o) Repeat P.T.T. and release several times and check for repeated

. 5. Gozments: transfer and xeturn from primary-to backup and back to primary.

f) Comments:

6. Pe{fom an external leak-ngc‘ttn:. None allowed. ) ’ 4,

Demand Regulator Tnward Leakags {Exhalation Valve)
NGNS . < T . Draft Flow Limits
_Ntf N(E - Inches of Water ce/Min. cc/Min,
7. Turn cylindar valve off and tlwly hzenthe trapped syu:an preasure 0.5 - 25 5.0
down., Did werning whistle sound? - - ¢ 2.0 D25 5.0
8. Coments I ' 5. Flow Draft '
- » : Ermax:y Prim:\ry nackug Backup | Backup Limita
5 4300 £ | 1200 F |1200 % 570 lo00 . in
. L : : ri‘law : 200 psi | 200 psi 200 pni ‘psi psi Ha0
PERFORMANCE TESTS : V- . 0
Cracking(50 ce/min) //A,-'Z/ 2.32 1. 34 Z /7/, /;//j-‘ -0,1 zo 0.5

1. 1nitisl Turn on 42 0’2 psi. Supply Pressure

e s A g s | e e

gs
=) f ‘breaths required to transfer to primar T g A iV -1,
- - (6 breatns max.) i 257 Lem, NTRD 066 ) 0kl 14,90 VoY ) s mex
¥) 9437 pst primary pressure , 390 oM, NTED 054 | 0,82 [~/ A /AL S ) 22 max.
Lo o @ » 7 ' 7 — ) Oy e -
c¢) Did whistle scund momentarily prior to txansfar to primary? Yes | 476 LPM, NTPD : //’//’;’,///, 1 LG | L1 "//:{// -2.0 max.
d} bid ":ahistie fully cease after saveral breaths? 2’:’5 *Interstage presaure shall he 90 psig minl™
- ' Comments :
e} Turn cylindsr off and breatha- 3yq;¢n down. Did whistle come +
v on for low procmsure warning? . 6. Low Cylxnder Pressure 'rurn-on: 8 a (855 35 psi)
£) Ccmments: cummentso — .
S ) 7. Whistle Alarm Dynamic Full On/Full Off *~°
2. In tase ure _{Normsl Breathing}
: . Dynamic Pull on . /& PSIC (100-110 BSI)
Inhalation % Txhalation ckup AL 3 tes Dynamic Full off PSIG {86-90 PSI)

FRE

[3n)

pdn 6 pai

Cornments: .

Ak U7AT J.LLLLJ___ZE_LLE__KAbe Pio. ﬂ'a‘f c‘r?ncK B

+3oe s

si’ Za pai {95 max) &g_psi {100 max) primary
#4300 % 200 psi

si £34 psi (120-140) {F3Fpei (150 max) backup
4300 * 200 pat ..
mi _&pni (95 mex) _gjépsi {100 max) primary

@1200 ¥ 200 pai

432 pei (120-140) [3F psi (150 max) backup

ea00 Xy p-i

8. Purge Flow

Inlet Pressurc{

Limite ..

Flow
. PsIg LPM, BTPD LPM, NTPD
300 /FO 125 to 200 LPM
5. mamiation 1% .76 /Mo R FSIG 1T FOPSI AW
Flow Pressure Limits -

. Inches of Water Inches of Watexr
Crack (50 ce/min) C 0. 06 | +0.5 max.
257 LPM, NTPD /e 30 42,0 max. . .
476 LPM, NTPD 2,690 +1.0 max,

e Ll AR, =

e
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l ER 1054
' T
l . Ll.0 INTRODUCTION L
’ This procedure describes a series of functional and
- I environmental tests to be performed on the Modified
_ I . Firefighter's Breathing System (FBS) Scott Part
Number 27275. 1
:E'. %,
s I _The tests are intended to verify that design improve-:
o . S R : &
ments made in the FBS comply with the required functional
. I ' and environmental parameters and qualify it for use in o
E l the field evaluation program. These tests are limited Lo
oo .{;to those which are necessary to prove basic compliance ,
? . - and augment the tests reported in the Development Test:
l o Report ER 1041 Dated 21 February 1974 and the Suppleme'xtal _
I Test Report ER 1051 Dated 10 August 1974, :
1 ;\
G | i
(L & N
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ER 1054

2.0

2.1

2.3

BEAGE 2

GENERAL .

Test Medium

The breathing gas used will be pure, dry breathing
air conforming to the requirements of the Compressed
Gas Association Commodity Specification for Ai:{x

G-7.1, Type I (Grade D or higher quallty)

f

e i
e,

EPVlrcnmentaﬂ COndltlons

\‘.,

'Unless othbrwise specified, the ambient conditions
‘for conducting the operational tests herein will be

‘as follows:

(1) fTemperature: 77 Y 18°F

(2) Relative Humidity: 90 percent or less

%@) Barométric Pressure: Local standard

(287 to 32 inches of Hg)

Test Articlés

~ Tests are to be conducted on two units to be randomly

selected from the first group which has their pressure

" reducers and breathing regulaﬁo:s retrofitted as defined

by drawings 27237 Rev. B and 27235 Rev. B.

Order of Tests

:‘i

Prior to quallflcatlon testlng, all test articles shall

be acceptance tested in accordance thh Delta Acceptance

&

&

« TPTest Procedure ER 1053.
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+ in paragraph 5.3 of this procedure. o ©o

PAGE 3

No particular sequence of tests will be followed except
that one test unit will be subjected to life cycle
tésting as defined in Paragraph 3.3 and the second

gqualification unit will be subjected to all other tests.

SPECIFIED TESTS

Low Temperature Operation

Place a;pértial FBS in an enﬁiyonmental chamber and
subject to the low temperature -tests as follows:

The partial FBS shall consist of a high pressure.hose,gﬁ
I

pressure redﬁcer, demand regulator and high pressure

cylinder and valve. The components shall be inter~

o
w

connected, the purge valve énd cylinder valve in the
"off" position and the cylinder charged to 4300 to

4500 psig.

' Lower the chamber temperature to -40 F + 5 F for a

period of twelve (12) hours minimum.

-

. Upon completion of the 124 hour exposure and while the

f

- system remains .in the .cold chamber, open the cylinder

valve andﬁﬁerform the "functional tests" defined in

\._/

para@raph's.l * and breath down test defined

S

s
s

1
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3.2.1

3.2.1.1

3.2.2

3.2.3

3.2.4

3.2.5

PAGE 4

By

Upon completion of the "functional tests"” and breathdown

test, the system to room temperature and perform the

"performance tests" defined in Paragraph 5.2,

High Temperature Operxation

Place a partial FBS in an environmental chamber and
subject to the high temperature tests defin@d in 3.2.2
to 3.2.6, ;

y

The partial FBS shall consist of a high pressure hose,

préssure fédgcer, demand regulator énd high pressure
cylinder and valve. The components shall be inter-
connected, and the purge valve and cylinder valve in’ the
"off" position and the cylinder charéed to 3700 psi.

The assembly shall then be'éiaced in the tempsrature

chaﬁbere

}ﬂnaise the temperature of the chamber to 120°F * 5°F and

\

“hold for 6 hours minimum.
Raise the temperature of the chamber to 154°F * 5°F

within a time perioct of one (1) hour and then hold for

an %Fditional four (4) hours. | -
/ . - )
Fgwér the internal chamber temperature to 120°F T 5
/ - _ :
d@thin a time period of one (1) hour.

F
R;beat Steps 3.2.2 through 3.2.4 two additional times
Agﬁaking a total of three l2-hour cycies.

]

!
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3.3.1

3.3.2

3.3.3

3.3.4

PAGE 5

Adjust the temperatu;e of the chamber to 165 F * 5 F
énd hold for a period‘éf 8 hours minimum, |

'Upon completion of the 8-hour exposure and while the
system remains in the hot chamber, open the cylindei and

perform the "functional tests" and breathdown tests defined

in Paragraphc £.1 and 5.3.

Upon completion o£ the "funétional.test§" and breakdown
test, turn the cylinder valve off, separate érom the
high.pressuré cylinderzaﬁd return the.system to room
temperature and perform the "performance,tests" defined
in Paragraph 5.2.

Iife Cycling Test

Install a partial FBS in the test setup as shown in
Figure 1.
Actuate the valve device to open pressurizing the supply

volume_@ownstream of the cylinder valve to 4300 ¥ 200 psi.

N
"

Actuate the;%alve device to.close.

ot
i
Pt .

With néedle valve (1) preset to fiow 110 ¥ 10 1 lpm,

"open - then close - solenoid to simulate inhaldtion.

Use séﬁuence timer to_open and close solencoid at a rate=:
Gy X | '

of 12 to 14 cycleﬁ per minute. s
Allow the simulated inhélation at 12 to 14 cycles pér

minute until pressure in the suppiy volume is between

200 to 500 psig. S ‘ .

L

A
e
3
¢
1
¢
‘Q‘
£
:

:

5

;

;
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'3.3.5

3.3.6

PACE 6

ﬁepeat paragraphs-3.3.2 through 5.3.4 a total of 5000

times stopping after 500, 1500, 2500, 3500, and

5000 cycles to perform the."functional tests" and

“performance tests" defined in paragraphs 5.2 and 5.3.

Maintenaﬁce is permiéééa dufipg theclife cyeling test, if

required. Any of the following factors, s?ould they

occur, will signal the need for sygtem maintenance. iwmmxb

a) PFailure of the warning signal to turn on.

b) Failure of the warning signal tg turn off.

c} _Inability to transfer from and to théiprimary
régulaﬁor duripg the pres;—t0~test mode.

d} Gross externalhleakage.:

e) High lockup pressure on the backup system as evidenced
by relief valve érackingﬁf

Vf) Gross fiow/draf# deficigncies. ,

Any of the above or other unforeseen deficiéncies will B

be discussed with NASA as they occur and prior éo‘perforw

‘ .
mance. of maintenance.
High Pressure Exposure Test

N

Connect a partial FBS to a high préséuré cylin§33:

¢ 2%

0

‘pressurized to 4300 to 4500. The cylinder valve shall

‘ bé_“open“ and the purge valve of thé'dé@gndrregulatorj

i

shal] be.in the off position. o

S
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3.4.2

3.4.3

4.1.2

4.1.4

PAGE 7

Upon completion cf 72 hours of high pressure exposure,
at a no—-flow condition, perform the "“functional tesrs".
defined in paragraph 5;1-. |
Upon completion of the "functional teer“, turn the
cylindér valve off, separate from the high pressure
cylinder and pérform the "performance tests“&defined

in Paragraph 5.2 -

SPECIAL TESTS

High Pressure Ebeéure at High Temperature

Following completion of high preésure exposure,
paragraph 3.4, connect the partial FBS to a high préssure_
cylinder pressurized to 3700 psig. The cylindér valve -

-,-,

shall be "open" and the purge valve of the demand regula-

~t0r Sha_')L;L be in the "off" position.

Place the assembly in an‘environmental chamber at 165 F *

. :‘,' Y [

g

While Still'at 165 F and in the temperature chambér, sub-

5 F for a minimum of 16 hours.

Ject the FBS to the "functlonal test" defined in

0 paragraph 5.1 | kN and breathdown test deflned in

\

paragraph 5.3 of thlS procedure. i Al
Upon completlon of the “functlonal tests" breathdown

tests, turn the cylinder valve off, separate from the

high pressure cylinder and perform the "performance

=

,sfs" defined ih paragraph 5.2,

%
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' et ' |
; 4.1.5  since this "is not considered an operational condition, |

the "pass-fail criteria" shall be that no failure of the
warning whistle to be initiated shall occur when performing

the "functional tests" and that no decrease in the backup

‘prassure schedule shall occur which could cause a failure

of the warning whistle to_be initiated when "performance
Ja T 7 , - \ .
tests" are made. A Ve

5.0 °  Test Data

5.1 FunctionalATestS aé'deﬁined in paragraph 4.2 of Delta

Accgptance Teét Procedure ER 1053 shall be performed on

- the partial FBS while exposed to the conditions of each °

- specified test. Record all data on the test record,

et

" ‘figure 2 of ER 1053.

Performance Tests as defined in paragraph 4.3 of ER 1053

M

-

shéﬁifbe peffqrmedron the partial FBS less the high pres-
;ure cylinder after.completion of each specified teét and
when'ﬁétgrged to f?éndard conditions. The interstage

pressures shail b; monitored for all tests except primary

flow-draft. "Record all tequired values on the test

record, Figure 2 of ER 1053.

5.3 ~ Breathdown Test

. This‘test is to be performed fOllowihﬁgthé functional

;

tests where specified and while the system is still
- exposed to the specifiéd témperéturé. Turn the cylinder.'
valve_oh and_ﬁreath down the system to depletion. Verify

N

[
]
N

L ’ ’ )
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PAGE ©

that a low pressure warning tone is obtained at

approximately 850 psig cylindef pressure and that the .

tone continues to sound until a cylinder pressure of
approximately 300 psig is reached. Breath down may

be acdomplished manually or by a breathing machine,

|
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SEQUENCING
TIMER

o ' . EVENT
_ —L___Jf COUNTER
e o—— ] —¢0 000 _

by T T T T T T T T T T 1
I :
b ;
A , P ' | _
SOLENOID 2 7 ——- | iNTERSTAGE BREATHING ;
| ‘ ' PRESSURE GAGE REGULATOR
e 1 5 25Psi6, '
" | fiR | NEEDLE é
~ VALV
CEOLENOID 1 | \ Ve
S , ,. N - O - VACUUM
.4500 . L 1 o/ e
Y . “SOLENOID 3
p | \ pressure
PILOT OPERATED

REDUCER ("
| V.

ACUUM RELIEF
VALVE

INLET VALVE

VOLUME

SCHEMATIC LIFE CYCLE TEST -
FIGURE 1.

. SEQUENCE A) SOLENCID 1 OPENS ALLOWING PILOT OPERATED VALVE TO
| .. OPEN AND CHARGE SYSTEM TO 4500 PSIG. ] “

B) 'SOLENOID 1 CLOSES AND SOLENOID 2 OPENS, CLOSING ~ .
'PILOT OPERATED VALVE. - |

C) SOLENOID 3 ALTERNATELY OPENS AND CLOSES ALLOWING

| FLOW TO PE DRAWN FROM THE SYSTEM UNTIL A PRESSURE
OF 200 _TO 500 PSIG IS REACHED.

D) THE FUZL'CYCLE IS COMPLETED AND STEP A BEGINS AGAIN.




i3

.,M_ P—

oo

becisiad LRy

Engineering Reportgﬁdf ER 1053
DELTA .
ACCEPTANCE TEST PROCEDURL
FOR THE }

FIREFIGHTER'S BREATHING SYSTEM
NASA CONTRACT NO. NAS9-13177

DATED: 16 SEPTEMBER 1974

Prepared By: S i O A

P. R. Bement
Supervisor, Technical
Services

Approved By: éE:H —<4L&A4#@¢u/

E
R

E. Glorglnl
Proiect Engineer

f/ 7/

'_ﬁpproved By:

V&' L. Sullivan ‘
Manager of Engineering

Health/Safety Products




R UOTSF T

| SR

...‘ s 4 ;

s

g

!..,-. i .ip.,..._a , \,,Ai .

— _‘V rw

N — . ] \ ‘ . N — . g — —

N N N

o O

Wwwww
WO

‘®

4 & °
W N =O

ER 1053

TABLE OF CONTENTS

INTRODUCTION...'.-Gu.'.';..”.‘...“‘;..".Q"'.
APPLICABLE DOCUMENTS . . escoesaeconcossssnsss

GENERAL. s o000 cccccscococccscnatoscsbesssona
Teét‘Medium.............t.....ﬁ;t...%......
Environmental Conditions.....edceeenccnces ‘
Order of Tests....... cesssssacatensenasuena
Test Instrumentation.....ceeenmesseccoaccass
SPECIFIED TESTS..ccecsccescsncccncnasssaass
Proof Pressure TeSticscecooeos ceresmsanans .
Functional Tests....c.cccoenveconaccanss-ns
Performance TeStS..ccccnassssscanacacaosenas

i

PAGE

LN R =

o T I

B P AL S PR PP

.
R A AL, T 1




—— e e Dt

el s GowwS emmei G emed s

S T
)
.

Py

ER 1053

1.0

2.0

PAGE 1

INTRODUCTION

This procedure describes a series of functional and
performance tests to be performed on eaCh‘Firefighter‘s
Breathing System prior to Delta qualification testing

and customer delivery.

The overall objective of this series is to verify that

each FBS is functionally correct following completion

“of éééign chaﬂgés and installation of retrofit parts.

APPLICABLE DOCUMENTS
NASA Specification FBS-SP-001, Revision 2, dated

November 3, 1971.

Titleds ““PerformahCe,'Design and Cost Reguirements
for a Compressed Air Demand-type Fireman's

Breathing System:

CO@preSSéd Gas ASsociatiOn Commodity Specification

for Aig. Numbe#'Gf7.l

[ T e

e i




.. 1_ _'_

.

‘QNT“‘ pesmar gy

- ; s ik i

oo
= . v b ]
i

"z

|

ﬂ

L i
»-‘*"’*‘!"

p—— . o

Sk e i

sy

ER 1053

PAGE 2

3.0 GENERAL . * i
3.1 Test Medium

The breathing gas used will be pure, dry breathing
air conforming to the réquirements of the Compressed
Gas Association Commodity Specification for Air, a-7.1,

Type I (Grade D or higher guality),

3.2 Environmental Conditions

e

_Unless otherwise specified, the ambient conditipns

for conducting the operational tests herein will be
as follows:*
(1} Temperature: 77 + 18°F
(2} Relative Humidity: 90 percent or less
(3) Bafometric_Pressure: ~Local standard o
(28 to 32 inches of Hg)
3.3 order of Tests
Unless otherwise specified, all tests will be performed
in tﬁé.oréef presented hérein‘
_,,:i.‘ )
4,
i e
P
I

i 3
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3.4

3.4.1

3.4.2

PAGE 3

Test Instrumentation

Accurac

The accuraéy of instruments and test equipment used

to control orwﬁinitor test parameters specified

herein shall:

Conform to laboratory standaxds whose calibration

(b)

(a)
is traceable to the prime standards at‘éie U. S. \%
Bireau of Standards. e

(b) Have an accuracy of at least one~tenthwEP%-
_tolerance for the test article variabléﬁzﬁ'be . 3 s
measured. ;
calibration and Certification ?
.Prior to starting any test,.test engineering shall E
review the instrumeptation‘to ascertain thats: %
(a) calibration énd cerﬁification have been accomplished §
“and are valid. g
The calibration time period will not elapse ’

duriné a test of long duration. If this pdssi4
bility exists, the applicable instrument wili be

replaced by one with a more‘recent'calibration date.

‘‘‘‘‘
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4.1.1.1

4.1.3

SPECIFIED TESTS

ﬁthe system.

; . - .
“Upon completion of the proof pressure test, perform

Proof Pressure Test

‘Subject a partial FBS to an inlet proof pressure of

6750 psi for a mipnimum of 5 mlnutes. o »
The partlal FBS Shall con51st of a hlgh pressure
hose,” pressure reducer and demand regulater. The
components shall be interconnected and purge vélve
closed. | | |
Gradually decrease the supply pressure from 6750 psi

to 4500 psi and perform an external leakage check.

Upon completion, gradually reduce the supply to vent

LI

the ﬂfunctional tests" and the "performance tests"

defined in Paragraphs 4.2 and 4.3.
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FUNCTIONAL, TESTS

4.2.1 Functional tests as defined below shall be performed

=S
N

on the partial FBS. Record all required comments on the

..4'..-.4~.l

test record, Figure'z;
4.2.1.1 Turn the cyiinder valve “on"jand;take_severél breatﬁ;
| ‘from the demand regulator.
4.2.1.2 Note if the whistle sounded on the first breath.
«4.2.1.2.2 Note if the whisﬁle stogpeé after §ever51 breaths.
4.2.1.3 Engage the‘presi%to-teSt and take several breaths.
412.1.4 Note if transfer é; the backup pressure schedule |
occurs aszgvidenced by the warning whistle.
4.2.1.5 Release press-t§—test‘§ﬁ§.§§ke several breaths.
4,2.1.6 Note if transfer to the primary pressure schedule : .“ . }

ot

occurs, that the whistle stopped after several breaths.

4.2.1.7 Perform an external leakage test.

4.2.1.8 Turn the cylinder valve "off" and breathe through

1: i‘ 2 i“ i ‘: a=iase _‘i i‘ Ry . i Ry . e .. i N . “ _.=

e W e g o

the demand regulator to breathe the residual %rapped

|

system pressure down.

4.2.1.9  Note if transfer to the backup pressure SChegule_

occurs as evidenced by the warning whistle.

......i_‘ _
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4.3.1

4.3.1.1

4.3.1.2

4.3.1.4

4.3.1.5

4.3.1.6

PAGE ©

4.3.1.3

PERFORMANCE TESTS

Per formance Tests as defined below shall be performed

on the partial FBS less the high pressure cylinder.

. 5 .
The interstage pressures shall be monitored for all -

tests except flow-draft. Record all required values
on the test record, Figure 2.

Initial gurn On

.Apply 4300 T 200 psi ﬁoée and racord this supply
pressure.

Breathe through the demaﬁd regulator, note how many
hréatﬁs_were required'to'tiansfer to'the primary

pressure schedule and note the primary pressure.

~ Note if whistle sounded momentarily prior to transfer

to the primary.

Note if whistle fully ceases after several breaths.

N

Turn the cylinder valve "off' and breathe the system

down. Note if the whistle came on for low pressure

e

warning.

- Interstaqe Pressure .

¥

G

T pesiA T L

i '|‘,
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B g v L




-

ER 1053

4.3.2.1

4.3.2.2

45303
4.3.3.1

4,3.4

4.3.4.1

4.3.6

PAGE 7

B

i
Breathe normally throughgthe demaﬁo regulator, note
and record the high and low ipterstage pressures for'”
the primary and.backup pressure‘oohedules for supply
pressures of 4300 * 200 psi and 1200 % 200 psi.
Note and record t@g primary and backup pressures at

Yo
lockup after three' (3) minutes.

Press-To-Test and Transfer

Engage the press—to—test and breathe through the demand
regulator note and record the number of breaths required
to transfer to and from primary to backup pressure
schedules, at 4300 - 200 p51,and 1200 = 200 psi supply

pressure°

4
Demand Requlator Inward Leakage (Exhalation valve)

Disconnect the low pressure hose from the pressure -

reducer and~dép_the hose. Slowly draw successive

negative pressures of ~0.5 and -2.0 inches of water

while”hoting and recording - the resultingvflow

‘through 2 low range flow meter. This flow is the

leakage througn the demand regulator (exhalation valve)

Flow ﬁraft

Perform flow draft tests as spec1f1ed on the test record

. at supply pressures of 4300 % 200; 1200 % 200, 570, and 100

PSlg. Note and record the draft required to obtain demand
f' o

' val&e ‘cracking (50 ccfw;n) and flows of ‘178, 257, 390, and

476 LPM, NTPD.

L.ow Cylinder_Pressure Turn=-Qn

PR o, s )
R, i e oA g ST B VR e T
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4.3.7

4.3.7.1

- 40308

4,3,8.1
4.3.:‘8.2

4.3.8.3

4.3.9-

4.3.9.1

” Whlstle Alarm Dynamlc Full-On/Full-Off

Connect the breathlng regulator to a geparate regulated

~ breathe three to four times at each pressure. While

‘The dynamic "full-off" pressure should be determined by

B2 o ’
~and record the lowest pressure obsexved\auring inhalation.

Slowly decrease the inlét pressure and determine
pressure at which transfer from the primary to the
backup pressure schedule occurs. Note and record this

low cylinder pressure turn-on. g

pressure source, Breathe thru the demand regulator
starting with a supply pressure between 95 and 99 psi.

Increase the inlet-pressure in one PSIG increment and

observing the pressure gage, record the pressure at
whidh the whistle alarm is "full-on". This pressure

should be the highest pressure observed on the gage.

decreasing pressure and using ‘similar methods as described '@

above. ©8tart with a pressure between 92~95 psi and note

{(i.e. Droop Pressure)

Purge Flow

Apply 300 PSIG to the inlet. of aMpartiathBS (Figure: 1).
Open purge valve fully which will cause a slight positive
pressure 1n the mask. : #

Slowly open the needle valve untll the mask pressure is

zero, Record the result;ng flow on Ehe flowmeter.

7

Exhalatlon Flaw

Perform the exhalatlon valve flow tests by applyxna/floWs
through the demand regulator of 50 ce/min (cracking),
257 and 476 LPM, NTPD and noting and recordlng;éhe

resulting positive pressures.

7 . o | 59
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NEEDLE VALVE

FLOWMETER

VACUUM é | ~
SOURCE =S

WATER COLUMN

300 PSIG
AIR .SOURCE -

PRESSURE / A
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4. Press—'ro-'l\mt & Tranufer : S
w_“__._.._ﬁ_.m-“”-
a) Endage ;"".“-‘ T o= —hru-u.u- requmto (S {rimenild
l. Turn on and breathe. Did whistle sound? L backup pressure scheduie at 4300 * 200 pai. (2 breaths max.)

. & . b Releage P. T, T. ______b::eat‘hs required to tranafer to
2. Continue breathing. Did whistle stop _after: sevaral breaths? : ) primary pressure schedule at 4300 ¥ 200 psi (6 breaths max.)
3. Engage press-—to test and continue breathing.

Did warning whistle ) . &
3ound?

&) Engage P, T. T. __ hzeatchs required to transfer to hackup
pressure schadule at 1200 1200 ?s ‘{3 breaths max.). i

4. Release prl's-to-test and continug breathing. bid warning whisi:le d) Release P, T. T. breaths requ;red “#o transfer to primary
lt.op after neveral breaths? ' at 1200 ¥ 200 psi {6 breaths max).

5. -Comments: . @) Repeat P.T.T. and release several times and check for repeatad

transfer and return from primary to backup and back to przmary.

£} Comments:

6. Perform an extarnal leakage test. Nona allowed. 5. pemand: Regulator Inward Leakage {Exhalation Valve)

Draft Flow Limits . P
: A ; - Inches of Water co/Min. go/Min. 5
"Dur.n cylinder valve off and slowly breathe t apped system pPressure . -0.5 5.0 v W
down, Dxd warning whistle sou-;ﬁl? . _ 2.0 5.0
f ‘ - g _ :
‘ 8. Comments _ . &5 g} 6. Flow Draft
| *.-QL!Q*\ . - . | Primary pximary Backug Backup | Backup Limits
= - : 4300 ¥ {1200 % fiz00 ¥ | 570 100 in :
. PR 5. ‘E: Flow 200 psi | 200 psi | 200 pei| pai pei Hp0 t
PERFORMANCE TBSTS - ’ I 4 : ;
: % o) . Cracking {50 ce/min)’ / [ /// '//// -0.1 to -0.5 ‘
1. In.jf.;a:a'r\‘;,m‘um on psi. sSupply Pressvure & B ‘

b a) -breaths requi:ed to transfer to primary ’;‘a t:{ - o -257 LFM, NRIPD 7///////1 ~1.25 max.
b} . pei p::?.m]:f;;a;::s:::;) Ko - = | 390 Léﬁ. NIED y //7/,///7 /W =2.0 max.

¢) Did whistle sound Menta:ily prior to ttan;fqr to primary? o 476 LEM, NTPD %,//// ///// * //// -2.0 max.'
AN o

d) pid whistle fully cease after several breathz? ' - . . *Interstage Pressure shall be 90 psig min. -

: o Comments : . '
®) Turn cylinder off and breathe system down. Did whistle come : )
on for low pressure warning? i )

7. Low Cylinder Pressure Turn-On: _ {865 1' 35 psi}
£} Comments: :

: 8. Whistle Alarm Dynamic Full On/Full Off
2. Jnterstage Pressure (Normal Breathins)

. = - AR . Dynamic Full on PSIG {100-120 PSI)
Inhalation ) Exhalation Lockup After 3 Minutes Dynamic Full off ] PSIG (80-90 PSX)
~pel . psi (95 max) psi (100 max)} primary ' 9.  Purge & .Back:,-ug Flow

S @4300 * 200 psi - ’

pai psi {120-140) psi {150 max) backup -0 Inlet Rgessure praft Flow Limits
. - @4300 * 200 psi i PSTG (In. HyQ) LPM, NTPD . LPM, WTPD
pai _psi (95 max)} pai (10D max) primary i )
: ' @1200 ¥ 200 pai - o Purge @ 300 125 to 200 LEM
. pmei psi (120-140) __psi (150 max) backup : :

Backup @ 300 178 LPM, SO0 PSI
' Interstage Minimum

.

@300‘:_:23 psi

,-..

- 10, Exhalatlon E’low

3. Mask Laakage

Presgure Limit s
’ . Plow . Inchea of Water Inches of Water
Dragt (in. Hi0) Flow f(ee/min) .~  Limit {cc/min) . 3 .
- g g . Crack. (50 cc/min) +0.5 max.
' 20 Ce ' 257 LPM, NT2D +2.,0. mant.
476 LPM, NTPD ‘ +4.0 max.
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TEST EQUIPMENT

' I§§T Item | Manufacturer Model S/N Accuracy
"1 Flowr’neter Brooks 10-1110-10 F-214 Toy
2 Flowmetér | Fisher-Porte;: 0-50 cc F-204 + 2%
3 Mass F16Wmeter Hastings-Raydist 0-10 cc F-175 * 2%
i 4 Pressure Gage' U. S. Gauge 0-3000 psi G-218 2%
; 5 Pressure Gage U. S. Gauge 0-5000 psi G-224 o2y .
f 6 Pressure Gage U. S. Gaﬁge 0-5000 psi G-212 ¥ ooy
Y 7 P:essuxe Gage lu. s. Gauge 0-10,000 psi G~-221 pa 5%
i 8 | Pressure_Gage. U. S. Gauge 0-600 psi G-217 ¥ ooy
9 Water Column F. W. Dwyer . -2 to 20 0063 ¥ 42 in.
. inches/water E H,0
10 -Environﬁéntal Teﬁny Engineering'. TTUFR
Chanber i 100350
11 Termperature/Humidity Brisﬁol:Company TF-2TSGOFEF 65A,10 + S'F-
Controllexr S54-43B 606
12 Program Controller |Bristol Company Z53A500G1 eggé‘lo togep
13 _Stop Watch Meylan 2048 SW-51 oo gec.




