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STANDARD NOTES

Evolution of Breathing Apparswmis.

Part I: Ssalvus general construction; Action of reducer.
Part 1I1: Donning and starting up Salvus,

Part I1I: Care and maintenance of Salwvus,

Composition of Alr, Respiratory System, Blood circulation.
Cylinders,

Tests = Prote and Salwus,

Faults and Remedies - Salwus,

Breathing Apparatus Control Procedure,

Proto: General construction; Action of reducer; circulation of oxygen.
Donning and starting up Proto.

Faults and remedies - Proto.

Artificial respiration; Holger Neilson - Oral resuscitation.
Entrapped procedure.

Searching procedure.

Refrigeration.

Compressed Alr sets Mark I1 "A - Mark IV,

Compressed Afr sets - Normalair,
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BRETHING APPARATS STANDARD
NOTE 1

The function of breathing apparatus is to work in an atmosphere which would not otherwise
support life.

The necessity of such an spparetus has long been appreciated and primitive devices of various
kinds were in use as long as a hundred years ago.

The earliest types consisted of a muzzle fitting to the meuth with valves cennected to which
were tubes, the ends of which remained in the open alr, This type was used for a considerable

period, but suffered from the disadvantage that the energy required to overcome the frictlon of the
air passing through the pipe had to be provided by the respiratory efforts of the wearer and

breathing was consequently extremely difficult,

A later development consisted of an air bag carried on the fireman's back, which enabled the

wearer w enter a smoke-laden atmosphere and remsin in it for two or three minutes by breathing and
rebreathing the same atmosphere. 12 intake was at the bottom where theé alr wes cooler, the
exhaled air being returned to the tops

A more complex apparatus consisted of an alrtight helmet and jacket of cowhide fitted with a

hose~coupling to which alr, Instead of water, was pumped from an appliarce through the ordinary
delivery hose . In this type the exhaled air escaped down under the skirt of the jacket and helped

to keep the wearer cool in hot atmospheres.

4 real attexpt W master the probles was made in 1875 when Professor Tyndalil, in conjunction

with Sir Massey Shaw, devised and introduced a "smoke cap® which was, In fact, the first respirator.
This was similar in essentials to modern respirators, consisting of an alrtight hood into which
air was drawn from the atmosphere via a canister containing filtering elements.

411 the earller types ¢f breathing apparatus were dependent upon & supply of oxygen from the

aumsphere for their success, Lt wes originally thought, from an insufficlent understanding of
the principles of respiration, that a respirator which would filter smoke and other gases would be

effective under all conditions,

It was not realised that the greatest danger at a fire was due to oxygen deficliency, which
nothing but a supplementary supply of alr or oxygen could remedy. AU least 16 per cent of oxygen
15 necessary to support life, and whers, due tw combustion, the percentage in the air 1s reduced
below this figure only apparatus which will provide 1ts own supply of air (or oxygen) will enable
the wearer tw continue at work.

Apparams depending on a self-contained supply of oxygen was produced for use in mines as
early as 1881, but this type of Breathing Apparatus was not widely adopted for Fire 3ervice use
until after the first World War,

gelf-Contained Types

1+ Open circuit self-contained, in which the exhaled sir is discharged into the
atmosphere,i.¢. Compressed Alr types.

2+ Close circuit self-contained, in which the exhaled air is returned to a breathing
bag, regenerated and used agaln, 1.e. Protw, Salws.
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OENERAL, DESCRIPTION
GENERAL - In order %o enable an operator to deal with all emergencies 1t 1s essential

that he should know everything sbout his apparatus, !ts construction, its action, how to test {t,
how to put 1t on properly and how to start 1t up.

The ¥Salvus® 1s a closed circuit, half-hour oxygen set, which [s on the same regenerative
principle as the "Proto® set. The apparatis which i{s worn on the front of the wearer, 1S almost
continuously within his sight,

The Home Office has laid down a specilication for the set in respect of the Fire Service
and the Salwvus set described In thesc notes conforms to this specification.

DESCRIPTION OF THE APPARATUS (Refer to Appendix %)

1. Cylipder - This 1is made of drawn steel and contalns approximately 3,5 cuble feat of
oxygen gas, compressed to 120 atmospliores (cbout 1,800 1b. per 2q. in.). An anti-rust tube is
fitted into the body of tha cylinder for the purpose of arresting any partieles of foreign matter,
€.,g+ rust, thus preventing then from entering the maln supply line, The shoulders of the oylinders

containing oxygen which may be used for medical ﬁ:}oua ars painted white, (Inaustrisl oxygen
cylinders are recognised by the!r plein black co ing). :

The cylinder has & "T"-shaped are screwsd Into the nesk, with the cylinder valve (which is

the main valve of the set and which !s of the fibre seated type) fitted to the right arm of the
"T". The connection for the cylinder to the ma!in part of the set is situated on the end of the

{s a male connection for the pressure gauge Wibe and the pressure gsuge velve assembly.

2, Cylipder valve or main valve - Comprises a gunmetal body having two threaded connections,
w which are connected the valve group and pressure gauge. The valve body Is screwed into the
aylinder and 18 provided with an enti-rust wuibe, which prevents perticles of rust from passing
from the cylinder,

. The operar.ive‘ portion of the valve cens!sts of & brass screw, Intw which 15 recessed s piece
of hard vulcanised fibre. The brass serew 18 provided with a siot which ENgages a steel tongue

' pivoted to & gunmetsl spindle. The spindle is provided with an undercut shoulder, which seats

upon & fibre washer held in place by a gland nuu, through which the spindle passes. The main
valye hand wheel has & squere hole which 15 pushed on to the squered part of the spindle, a thin
ribre anti-friction washer being Intorposed betwsen the wheel and the gland nut. . & spiral spring
is placed over the projecting portion of the spindla and rests on the hand wheel, The spring is
covered by a brass protecting cap and s put under coumprassion by screwing on the spindle nut.

The spindle s thus held against the spindle washer by the action of the spring.

3+ Pressire Gauge Valve - This 1s of the metel % metal seating type of valve which is
cperated by a lever arm, The purpose of this velve 18 to provide a safety device which ean be
brought into wperation should the pressure geuge tibe or pressure gauge become fractured, By
closing this valve the contents of the cylinder would be preserved.

L. Eressure Gauge Tube - This tube leads from the pressure geuge valve to the pressure gauge
and consists of a strong, spiral, flexible, non-ferrous metal mibe, coversed with thin flexible
metal for proeection,

5. Prossure Gsuge - A Bourdon tube type gauge 15 used with this apparawis, The geuge dial
15 calibrated In atmospheres and mirutes of time and protected by a Wansparent plastic cover,
Each division registers 10 atmospheres or 24 mirutes of time, the maximm reeding being 150 atmos~
pheres,

Mirabis = 74 , 15, 224,30, odx. = 30, 6o, Go, t20.

& red 1ine on the dial indicates 120 atmospherss which IS eguivalent to 30 minutes of time.



6. Yalve Opoup - The valve ;roup which connectc directly on to the cylinder neck consists of two
valves - (a) reducer valve; (b) by-pass valve.

(a) Reducer valve - This valve breaks dovn the high pressure oxygen to a breathesble flow
and is adjusted to pass 2’ llt-'es per minute, irresoecuva of the pressure in the cynnder. The

components of the reducer are!

Diephragm Floating valve seating

Diaphragm plates Floeting valve

Dome and cap Horseshoe washer

Steel  spiral spring ' . Filling washer

Rutber disc ' Rlank cap

Filling washer Zack pressure disc wsasher -
Adjusting sleeve Back pressure disc
Locking nut Screw plug

Action of the reducing valve - When the mrin valve 15 opened the high pressure oxygen passes
through a fine mesh geuze and thence up threuglh a channel in the central column and out through a
small jet at right angles to the central columm in%o the floating valve chamber, Fupther progress
is checked by a back pressure dics which has a very smell hole let into the discharge side of the
reducing valve and secured by a perfcrated serew plug which has a hole through the centre and is
perforated at the sides, This disc is held gas-tightly: Tin position by means-of a fibre washer,

A diaphragm of inseriion rubber 1s scoured between the dome and cap. The centre of the
diaphragm is held be*ween two metal plates, Tiae side nearest the floating valve chamber carries
the floating valve with floating valve seating and the opposite side has a nipple over which fits
a strong spirel spring. The pressure of the spring can be increased by one or more metal fiiling
washers,

" The disphragn; with fleatinsz valve attached, has lamral movement at right engles to the
.centre columu, and as long as the oxygen 's turned off the valve i1s held away from the jet by the

pressure of the spring.

LS soon as the Oxygen from the cylinder f1lls the floating valve chamber and cannot readily
escape through +the back pressure disc, a back pressure is set up, ‘and this pressure, scting upon
the large area of the diaphragm, forces the diephragm over against the spring. The dlaphragm carries
with it the floating valve and seating and so tends to close the jet.

“The spring having been set to a certain pressure by the adjusting sleeve with the aid of a
'flowmeter, governs the back pressure in the floating valve chamber, 1.e, the greater the pressure
‘of -the-spring, the greater the pressure in the floating valve chamber, and hencé the greater the —
volume of oxygen passing through the small hole in the back pressure disc. Less-spring pressure
will causa the seating to close the jet with less pressure in the tloat,ing valve chambar. and thus
the flow or o:qrgen mrough the back pressure disc will .be smaller.-
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A thin rubber disc is plaéed in the adjuéting sleeve to prevent water tmm entering when
carrying out the wet test.

. From the foregoing, we see thet the diaphram 1s continually moving backwards and forwards,

or up and down, pushed In one directlon by the pressure in the floating valve chamber, and then
in the other by the action of the spring coming into operation as the pressure in the fleating

valve chamber falls., This action 18 independent of the cylinder pressure, and continues until
the pressure gauge reglsters zero,

(b) By-pass Valve = This valve i{s mainly for emergency purposes. In the event of the
reducer becoming Inoperatliv: because of some deiect such as, for example, a choked jet, the by-pass
can be operated to allow high pressure oxrzen from the cylinder to flow direct to the breathing
bag. 1MUse of thts waive 18 also resorted to in the starting up procedure and where the demands
vof the indlviduael become greater tarough sicenuous work. Tals valve is kept in the ‘closed position.
It has 'a bull=ncse seating of Steel and fine adjustment thread, The spladle, which cannot unscrew
right out, 1s made gas-tight by a stifing box. If any leaks occur efter screwinyg down the
stuffing box nug, the leather packing requires renewing and the valve group should be returned to

B.A. Workshops. VYhen the by-pags 18 cpened, oxygen enters the system on the discharge side of
the reducing valve, through perfcrations in the screw plug, clear of me back pressure disc. The
‘by=pass valve: SHOULD ALWLYS BE/ CPENED GENTLY, : . ! ;






