-1- RESPI RATOR The present invention relates to a respirator, or other
hel net, for exanple, a visored protective helnmet. 5 A respirator of
self-contained formfor use in oxygen-sufficient atnospheres is described

in GB 2,183,488. The respirator includes a donmed shell incorporating a
harness for engagenent with a user's head and having a visor depending from
the front of its rimto extend over and round the user's face. The shell is

spaced 10 above the harness, and projﬁgts forwardly and rearwardly of the
harness, to define a passageway whi ch extends froma rear opening across
the head and then downwardly over the face behind the visor. A
battery-driven electric fan is RpepirdTOoRthe passageway adjacent its rear
opening to draw anbient air intothe opening to flow through the
passageway. The shell is provided with a pad filter 15 fitted across the
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respi r at ggofifipidtecieRéipfet. Protection afforded by the filter. 20 In at
| east its preferred enbodi ment, it is an aimof the present invention to

addre$s this and other problens. A first aspect of the invention provides a
screen bar_for a.r a 25 ot her out .in claim
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adapted to receive such a screen ar and a helnet and a screen bar in
combi nat# barness for engagement with a user's head and having a visor depending from
the front of its rim to extend over and round the user's face. The shell is spaced
10 above the harness, and projects forwardly and rearwardly of the harness, to
define a passageway which extends from a rear opening across the head and
then downwardly over the face behind the visor. A battery-driven electric fan is
located in the passageway adjacent its rear opening to draw ambient air into the
opening to flow through the passageway. The shell is provided with a pad filter

15 fitted across the passageway rear opsning.

The protection afforded by such respirators is limited to a certain level of physical
protection from the shell of the respirator and the chemical protection afforded
by the filter.

20
in at least its preferred embodiment, it is an aim of the present invention to

address this and other problems.

A first aspect of the invention provides a screen bar for a respirator helmet or
25 other helmet as set out in claim 1. A screen bar of this sort may be used to add
further protective elements (e.g. a welding shield) to the helmet. Further aspects
provide a helmet adapted to receive such a screen bar, and a helmet and a

screen bar in combination.

30 Furthermore, as the filter becomes blocked or as the voltage of the fan battery
falls, the air flow through and the pressure within the respirator will fall, reducing



30 Furthernore, as the filter becones bl ocked or as the voltage of the fan
battery falls, the air flow through and the pressure within the respirator
will fall, reducing -2- the efficiency of the respirator and thus the
protection afforded to the user. In order to detect the falling efficiency,
It is known to nount devices within the respirator which provide a visual

I ndication to the user that the degree of protection is falling. For
exanple, GB 2,130,893 describes the nounting of a 5 float-type pressure
gauge within the respirator and the f2eld of view of the user. However,

such devices _are unable to provide any active control of the air supply
wi t hin t fe effsiencyafthe rgspifaton apd diwp thenietectionrrifgrded dathe mieent Iron seeks
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to the remal ow, means tor neasuring the wrate of air

t hr ough Howebhgpaishaevices arenthabieetorprotide anyractive icontrot tfdhéair supplyesponse to

t he nmeasured fl ow ratte. 20 O her advantageous features are illustrated in
t he depe}"t’HE'l’i‘tt BINGPREA 9 he description given bel ow and the appended

drawi ngs. Preferred features of the present invention will now be descri bed
with reference to the acconpanying drawings, in which: 25 Figure 1 is a

1

si de per bphither embedimsnts, thegpesentdnyertiojuseeks {osselvedhese andvather ew of t he

r espi1r0at Blrob?émg.i gure 1;

Ancther aspect of the present invention provides a respirator comprising a hood
for enclosing at least the face area of a user, a filter, a fan for generating a flow
of air through the filter, a duct for delivering the flow of filtered air fo the vicinity

15 of the user's face, a bypass conduit for abstracting a portion of the flow from the
duct and subsequently returning the absiracted portion to the remainder of the
flow, means for measuring the flow rate of air through the bypass conduit and
means for controlling the fan in response to the measured flow rate.

20 Other advantageous features are illustrated in the dependent claims, the
description given below and the appended drawings.

Preferred features of the present invention will now be described with reference
to the accompanying drawings, in which:

25
Figure 1 is a side perspective view of a respirator,

Figure 2 is a perspective view of the respirator of Figure 1;

30 Figure 3 is a side perspective view of the respirator of Figure 1 with some
components partially omitted to show the location of the air duct;



30 Figure 3 is a side perspective view of the respirator of Figure 1 with
sone conponents partially omtted to show the |ocation of the air duct; -3-

Figure 4 illustrates a cross-sectional view of the respirator of Figure 1;
Figure 5 illustrates a cross-sectional view of the filter and fan of the

respirator; 5 Figure 6 illustrates a systemfor controlling a fan of the
respirator of Figure 1; Figure 7Aillustrates a respirator adapted to

receive a bar carrying a further protective screen; 10 Figure 7B
illustrates the resplrator of Fi gure"ﬁA W|th the bar and screen attached;
Figure 8 hows en he bar | ustr t he mechani sm by which it is
fixed to fla@lﬂﬁ ”cp%@ Crﬂgs'ﬁpﬁftﬁ"@'y'eé“hﬁ eaf S%‘F@ﬁoéﬁg Fierlor mi ng part of

t he machamsm by which the bar is fixed to the respirator; Figure 10
illustrates the manner by which the bar is fixed to the respirator; 20

Fi gure 11Figareaddiitsirdtey aemoss-setiionat viesnokthelfiftenandian lof tharespératarxed to the
respirator wwth the screen in a lowered position; and Figure 12 is a detail
vi ew of the mechani sm by which the bar is fixed to the respirator with the
screensi IFiguFes FRbLRIES b'@&terﬁ%t\%érﬂrdllﬁtfg% 6t th rbsBia®E of Figlud1; ! Sspi rator
10 conpriseés a hood having a domed re5|stan out er

attached to a rigid, inner shell 14 carryl ng a visor 16 pivotally attached

15 made (99RS 7A PHRfHesrS tEaiatbb BoeRRY ol el d v FENRG A St "

envel ops progsdivadcpéen:he user and, together with the inner shell 14 and
visor 16, defines a breathing zone for the user 20. A neck seal 22 (figure
4) is -4-

10 Figure 7B illustrates the respirator of Figure 7A with the bar and screen attached:;

Figure 8 shows an end of the bar, illustrating the mechanism by which it is fixed
to the respirator;

15 Figure 9 shows an arm and rod forming part of the mechanism by which the bar
is fixed to the respirator;

Figure 10 illustrates the manner by which the bar is fixed to the respirator;

20 Figure 11 is a detail view of the mechanism by which the bar is fixed to the
respirator with the screen in a lowered position; and

Figure 12 is a detail view of the mechanism by which the bar is fixed to the .
respirator with the screen in a raised position.
25

With reference to figures 1 to 4, respirator 10 comprises a hood having a domed,
impact resistant outer shell 12 attached to a rigid, inner shetl 14 carrylng a visor
186 pivotally attached thereto. The peripheral edge ofthe i inner shell 14 is sealed
to a head cowl 18 made to fit a range of head sizes of designated users. The

30 cowl envelops the head of the user and, together with the inner shell 14 and visor
18, defines a breathing zone for the user 20. A neck seal 22 (figure 4) is
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15 With reference to figures 4 and 5, air entering the air filter 28 through the air
inlets 27 passes through pleated glass fibre papers 30 which filter the air flow,
and leaves the filter 28 through a central aperture 31. The filter 28 carries a
screw thread 32 to enable the filter 28 to be releasably secured to a conformingly
profiled thread formed on the inlst structure 33 of the fan casing for ease of
20 replacement of the filter. The fan 26 is a tangential fan in which the zair is turned
from parallel to the axis of rotation on entry fo a direction tangential to the arc
described by the tips of the rotating blades of the fan so as fo be discharged
through an elbow into the duct 24. The chassis 34 has a U-section annulus
that holds a resilient anti-vibration mounting which, in turn, holds the two major
parts 37, 38 of the fan casing. The fan motor 40 is directly mounted on to the fan

26, and is switched on and off by a microswitch operated by a quadrant arm 42

25
that rests against the user’s head.
This arrangement of the air filter and fan serves to position the air filter closer to

the back of the user's head, bringing the centre of gravity of the respirator close
to the centre of the user's head. In addition, no recirculation plate is required; the

30



30 the back of the user's head, bringing the centre of gravity of the
respirator close to the centre of the user's head. In addition, no
recirculation plate is required; the -5- I inlet structure 33 preventing
substantial recirculation. In order to control the air flow through the
breat hi ng zone, the respirator includes a systemfor controlling the speed
of g the fan 26. The respirator 10 includes a 5 bypass conduit 44 for
abstracting a portion of the air flow fromthe air delivery duct 24. Wth
reference to figures 4 and 6, air ent&ring the bypass conduit 44 fromthe
duct 24 flows into % air flow sensor 46, such as, for exanple, a Honeywell
AWM ser i dYehgirdctyre EI%W%HWUP%H!&I fecyeiatiensensor, back into the

remai nder of the air flowwthin the duct 24. Alternatively, the bypass
conduit 10 may exhaust directly into the breathing zone. A nass air flow
sensor t yporhrity contrprihe e flomothrengrethathre athirgnammie; the redpirator indlades st or s,

wthin a conduit, one of each sid sire d downstrea of a heater.
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t hus- measamainder ofvtheal flaw wilbin thecdua4.t Aliermatively, dbe bypas$eonduit rol s t he
mai ne i oy SesR e Bl ARSI Biedhino zBpbruc - 24, “Thi o enabl o3 any drop i n
the flow rate due, for exanple, to the gradual build
A mass air flow sensor typically comprises two temperature sensors, such as
thermistors, within a conduit, one of each side (upstream and downstream) of a
heater.. The heat fransfer characteristic of the heater is linked to the number of
15 air molecules passing across it at a certain velocity. A signal output from the
sensor ig indicative of the mass flow rate within the bypass conduit 44, as
determined from the temperature difference between the two temperature
sensors. The signal 48 is received by a microprocessor 50, which determines
from the signal the mass flow rate within the duct 24, the relationship between
20 the flow in the duct 24 and the conduit 44 having being previously determined
and programmed in the microprocessor. From the thus-measured flow rate inthe
duct 24, the microprocessor 50 controls the mark/space ratio of a signal output
to the motor of the fan 28 in order to maintain a constant flow rate in the air duct
24. This enables any drop in the flow rate due, for example, {o the gradual build-
25 up of debris in the air filter 28 or loss of battery power, to be compensated for by
increasing the fan speed.

Upon starting the system, the condition of the air filter is initially unknown, so the
control signal output to motor for the fan initially has a predetermined mark/space
30 ratio. This ratio is then adjusted coarsely according to the output from the
detector 46 so that the flow rate falls rapidly within a target window, and then

|
|
!
|
|



25 up of debris in the air filter 28 or |oss of battery power, to be
conpensated for by increasing the fan speed. Upon starting the system the
condition of the air filter is initially unknown, so the control signal
output to notor for the fan initially has a predeterm ned mark/space 30
ratio. This ratio is then adjusted coarsely according to the output fromthe
detector 46 so that the flowrate falls rapidly within a target w ndow, and
then -6- nore accurately so that the flowrate is at a target value. The

m croprocessor 50 will then continuabl-y make snal | adjustments to the
mar k/ space ration to maintain a target flow rate through the duct 24. A
boost swin@g aesiraelyroiiatithe flow rateds atatargs valie. The micrppreoassor 5dicr ease

the air f|. I It of neasutr ed drap,i.n the flow
te t hr StiffenterBoBafifingks shidtacddmelitets iy Rp B il o bR s cor 50"
is provi degrget floweratethroughdthefdiict 242ambeost ishitcHirAaY % frdvidky fepPUBe | se a
series of light emtting diodes, the diodes being 1llum nated progressively

by the nmibyrtbguseetaigmperagipiptaase the aiflawhe nark/ space ratio of the signal
suppli§d to the notor of the fan, the level of which is indicative of

probl ens associated with, for exanple, the degree of blocking of the air
filter. Fkuordericealetdiheemser 32 of anmeaberededropi inctttevitow raentrbagh tiee wear er  of

Whi oh o cpBIih & ASRRY SBFOTRRFIRH thais MTOBIREePRSTI] BRsPUICEBONENB0E. &
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l'i ke feathe disfesbeing Heminated prrogressixelyttydheimicesproegssar Shdeperslibg e i n t he
i Ui olnr%hg1 %%i\rws% cte?"a%ig Bf ftr?é"l lé:lérn% s&ﬁ%lie%% tﬁg%’gforto?ﬁ'le'fan, the ievel
~ of which is indicative of problems associated with, for example, the degree.of
blocking of the air fiiter.

Further embodiments will now be described which enable the wearer of a
15 respirator to attach additional protection appropriate to an activity which he is to
carry out while wearing the respirator (for example, a welding shield or a mesh

visor).

Figures 7A and B show a respiraior 10' generally in accordance with the
20 foregoing (like numerals indicating like features) with the exception that the filter
28 is not visible in the figures. In addition to the features set out above, the
respirator of this embodiment is adapted to receive a bar carrying a proteciive
screen by means of a plug/socket arrangement, such that the screen is disposed
in front of the wearer’s face. The respirator is shown without the screen in figure
25 7A and with the screen 60 (in this case a welding shield) attached in figure 7B.

The bar 62 is curved such that it conforms approximately to the shape of the
outer shell 12 of the respirator. Each end of the bar 62 (one of which is shown
in figure 8) is provided with a respective arm 64, an end of which is pivotably
30 mounted to the end of the bar 62 by means of a respective pivot 66. The
arrangement of the bar 62, the arms 64 and the rotation of the pivots 66 (being



respirator of this enbodinent is adapted to receive a bar carrying a
protective screen by neans of a plug/socket arrangenent, such that the
screen is disposed in front of the wearer's face. The respirator is shown
wi thout the screen in figure 25 7A and with the screen 60 (in this case a
wel ding shield) attached in figure 7B. The bar 62 is curved such that it
conforns approxinmately to the shape of the outer shell 12 of the
respirator. Each end of the bar 62 (one of which is shown in figure 8) is
provided with a respective arm 64, an‘end of which is pivotably 30 nounted
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66, generally in the direction of the pivot 66 but formng an acute angle
with the arm64 to which it is attached. Towards the free end of the rod
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obt use- angl ed, V-shaped cross-section. Returning to figure 1, 2 and 7A, each
side of ohthedwargplugisithe formoof a red 68 (gee figuse 9) Whigh exienes fromdthecend t he
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but forming an acute angle with the arm 64 to which it is attached. Towards the

free end of the rod 88, there is provided a circumferential detent 72, having an

15 obtuse-angled, V-shaped cross-section.

Returning to figure 1, 2 and 7A, each side of the cuter shell 12 of the respirator
is provided, adjacent the temple region thereof, with a respective socket in the
form of a channel 70 exiending in a generally forg-aft direction. In the
20 embodiment shown, the channels 70 are provided on visor pivot covers 17 of the
respirator slightly above and to the rear of pivots provided for the visor 16 itself.
In this way, the screen 63 and the visor 16 may be raised together, or the screen
63 may be raised independently of the visor 16 whilst the respirator is being
worn.
25
| With reference to figures 7A, 10 and 11, each channel 70 is adapted to receive
one of the rods 68 and to retain it by means of the detent 72 which engages with
corresponding retaining structure 74 in the channel 70, such that a screen 60
depending from the bar 62 may be rotated from a lowered position (as shown in
30 figure 7B), in which it is disposed in front of the wearer’s face, fo a raised
position, in which the bar 62 extends generally across the top of the respirator



formof a channel 70 extending in a generally fore-aft direction. In the 20
enbodi nent shown, the channels 70 are provided on visor pivot covers 17 of

the respirator slightly above and to the rear of pivots provided for the
visor 16 itself. In this way, the screen 63 and the visor 16 may be raised
together, or the screen 63 nmay be raised i ndependently of the visor 16

whil st the respirator is being worn. 25 Wth reference to figures 7A 10 |
and 11, each channel 70 is adapted to,receive one of the rods 68 and to i
retain it by neans of the detent 72 #hich engages with correspondi ng |
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raised position, in which the bar 62 extends dgenerally across the top of
the respirator 8- and the screen 60 extends generally forwards and does not
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hel met is being worn. Wiile this enbodi nent has been described with _
referenc®d its application to a respirator, it is equally applicable to ;
ot hertypes of helnets not having a respirator 10 function. Each feature
disclosed in this specification (which termincludes the clains) and/or :
shown i nViile ihisseinbgsiiment Hes beerodesoribedavitheférence teitsiappliicatitepioralent |y of |
ot her di scl gsed %nd/or illu?trﬁt?d {ea}ures. q+AINB . .

respirator, it is equally applicable to other types of helmets not having a respirator

10 function.

Each feature disclosed in this specification (which term includes the claims)
and/or shown in the drawings may be incorporated in the invention independently
of other disclosed and/or illustrated features.



5 1. Arespirator com2. prising a hood for enclosing at |east the face area
of a user, a filter, a fan for generating a flow of air through the filter,
a duct for delivering the flowof filtered air to the vicinity of the
user's face, a bypass conduit for abstracting a 10 portion of the flow from
t he duct and subsequently returning the abstracted portion to the renai nder
of the flow, neans for neasuring the flow rate of air through bypass
conduit and neans for controlling the fan in response to the neasured flow
rate.” 15 3. A respirator according to claim1l, wherein said neasurenent

means conprises a mass air flow sens8r. 4. A respirator according to claim
1 or claim2, wherein the bypass conduit is arranged to return the airflow
t heret hrough to the remainder of the flowin the 20 duct. 5. A respirator
according to claiml or claim2, wherein the bypass conduct is arranged to
return to the airflow therethrough to the remainder of the flowin a

breat hing zone of the respirator. 25 6. A respirator according to any )
preceding claim. wherein said control neans is arranged to control power
supplied to a notor of the fan depending on the neasured flowrate. 30 7. A
respirat&liﬂﬂ§ording to claim5, wherein the control neans is adapted to
controlgthe markispace ratio of a signal output to the, fan motor. -10- 8. A
respirator according to any preceding claimconprising display nmeans for
provi di ng al-vi sOAPSPHRF€0M0 a user of the respirator in the event of a

reduction ix prising a hood for enclosing at least the face area of a user, a filter, a fan for
generating a ﬁow of air through the filter, a duct for delivering the flow of

filtered air to the vicinity of the user's face, a bypass conduit for abstracting a

10 portion of the flow from the duct and subsequently returning the abstracted

portion to the remainder of the flow, means for measurihg the fiow rate of air

through bypass conduit and means for'controiling the fan in response to the

measured flow rate.

15 3. A respirator according to claim 1, wherein said measurement means

comprises a mass air flow sensor.

4, A respirator according to claim 1 or claim 2, wherein the bypass conduit is
arranged to return the airflow therethrough to the remainder of the flow in the
20 duct.

5. A respirator according to claim 1 or claim 2, wherein the bypass conduct is
arranged to return to th_e airflow therethrough to the remainder of the flowin a

breathing zone. of the respirator.

25
6. A respirator according to any preceding claim, wherein said control means is

arranged to control power supplied to a mofor of the fan depending on the

measured flow rate.

30 7. A respirator according o claim 5, wherein the control means is adapted to
contro! the mark/space ratio of a signal output to the fan motor.



the measured flowrate. 5 9. Arespirator according to claim6 and 7,
wherein the display neans is adapted to generate the visual alert depending
on the signal output to the notor. 10, A respirator according to claimS8,
wherein the display nmeans conprises a plurality of light emtting diodes
arranged to be illum nated progressively 10 dependant on the mark/ space
ratio of the signal. 11. A respirator according to any preceding claim
wherein the filter is renovably fitted to inlet structure of a casing of
the fan. 15 12; A respirator accordlng to any preceding claim wherein the
fan is a tangentlal fan arranged t olPeceive the filtered air flow fromthe
filter substantially parallel to the axis of rotation of the blades of the
fan and to discharge the air flow tangentially to the arc described by the

tips of thg bl adesspiraiop abé‘tftdad?‘@& any Brekdding claftf I@oﬁﬁh&ﬁ%%ﬁ%%%stf& any

preceding claim wherein the fan conprises a casing having - two nmajor parts
whi ch are hel d B9VIdIRG 2isual qleit kg ¢ B?Pfr%m‘?trPPijatOr1'21‘he,@VFéfsfﬂlarf§ﬂ@ﬂﬂ°a@cor di ng.
to any precedi nge fleabife8 BER4te] Ng conpartnments adj acent the ears of a user
to accommodate batteries for driving the fan. 25 15. A respirator
substantially as herein described with reference to the acconpanying

drawi ngs. g A respirator according to claim 6 and 7, wherein the display means is adapted
to generate the visual alert depending on the signal output to the motor.

10. A respirator according to claim 8, wherein the display means comprises a
plurality of light emitting diodes arranged to be illuminated progressively
10 dependant on the mark/space ratio of the signal.

11. A respirator according to any preceding claim, wherein the filter is removably
fitted to inlet structure of a casing of the fan.

15 12. A respiratar according to any preceding claim, wherein the fan is a tangential
fan arranged to receive the filtered air flow from the filter substantially parallel
to the axis of rotation of the blades of the fan and to discharge the air flow
tangentially to the arc described by the tips of the bladeg into the duct.

20 13. A respirator according to any preceding claim, wherein the fan comprises a
casing having two major parts which are heid by an anti-vibration mounting.

14. A respirator according to any preceding claim comprising compartments
| adjacent the ears of a user to accommodate batteries for driving the fan.

25
15. A respirator substantially as herein described with reference to the

accompanying drawings.



