WO 2004/ 084665 PCT/ GB2004/ 001395 -1 RESPI RATOR The present invention
relates to a respirator, or other helnmet, for exanple, a visored protective
hel'met. 5 A respirator of self-contained formfor use i-n oxygen-sufficient
at nospher 8¥0i2804/(8daSr | bed in GB 2, 183, 488. The respi r at orPGTIEBYE#801395doned

shel | incorporating a harness for engagenent with a user's head and havi ng
a visor depending from the front of its,rimto extend over and round the
user's face. The shell is spaced 10 abo'v1e‘the har ness, and projects

forwardly and rearwardly of the harness, to define a passageway which

extends froma rear opening acrossg@md t hen downwardly over the
" face behind the visor. A battery-d ic fan is located in the

passageway adjacent its rear opening to draw anbient air into the opening
to flow through the passageway. The shell is provided with a pad filter 15
fitted acmpespiduemainentonyrelates to nesmratdheomeibee dialmetafdrandedpley asuch
_respirators is limted to a certain |evel of physical protection from

t he- shel | visoreddrptegliveabelmetad t he chenical protection afforded by the
filter..20 In at least its preferred enbodinent, it is an aimof the present
inventi%n to address this and ot her problens. A first aspect of the

i nventi on AprOMGiRST &f SeIfeShted RImAfor Qe inada/geiebimitierh atfosphBrss el net
as set out inclaiml. A screen bar of this sort nay be used to add further

prot ect i velesteedin GB 2¢183,488! dihegeshirataijnciudesa @@ sheltinaorperatingect s
provide a e mets 10 BhEagement with SuSerdhéad ShEFAVIY a viA3! RpdRully rdRC @
_ the front of its rim o 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 pa& filter

15 fitted across the passageway rear opening.

The protection afforded by such respirators is limited to a certain level of physical
- — - profection-from the shell of the Taspirator and the chemical ﬁféﬁécﬁoh afforded
by the filier.
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 heimet 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



screen bar in conmbination. 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 WO 2004/ 084665

PCT/ GB2004Y934Bg846657  he efficiency of the respirator arfFHGBOH/HEINS
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
indication to the user that the degree'g‘f’ protection is falling. For
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I nvention provides a respirator conprisi nﬂga hood for enclosing at |east

the face pratectionas dalling. & of exampley GBn2.f80.8hdeseiibes the meuntiig of a
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to the remainder of the flow, neans for neasuiing the flowrate o I°r

t hrough twithbytreseespiratoit and neans for controlling the fan in response to

the neasured flow rate. 20 O her advantageous features are illustrated in
t he dependent clains, the description given below and the appended

draw ngs. . Prehifl ShodRehes b ﬁrﬁgeﬁf FBRtoh YERKS R\s vk ihasY dify e | Ped

with reference to the accorpan raw ngs, 1 n wh
( ~ 10 problems.

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 filier, & duct for delivering the flow of filtered air to the vicinity

16 of the user's face, a bypass conduit for absiracting a portion of the flow from the
duct and subsequenily returning the abstracted portion io 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 preseht 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;



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

per spective_view of the respirator of Figure 1 with some conponents
partially ohPetEP*%Sshow the | ocation of the air duct; WBCTIGBWAHGBIE6S
PCT/ GB20041001395 -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 Figuote 6 illustrates a system for

controlling a fan of the respirator, of Figqure 1, Figure 7A illustrates a
respirat or%éﬂjﬂ'ﬁt‘bﬂlﬁrqt%%@i 9%‘%‘%5”‘?%@{ thfrﬁﬂP‘ﬁigﬁor 06%39%@ ilve screen:;
10 Figure 76 illustrates the respirator of Figure 7A wth the bar and screen
-attached; Fi'gure 8 shows an end of the bar, illustrating the nechani sm by

whi ch it i Fidirseslilivstratds ar repsstictibhall Fiel gfithe fites ApdaRrbfthe Regirals;
formng part” of the nmechanism by which the bar is fixed to the respirator;

»Figure 10 illustrates the manner by which the bar is fixed to the

respirator...20 Fiqur 1 is a.detail view of fhe nechanismb i ch the bar
P et Bidire © fllsfrates oroybem Bhcoblrpling's forCof BeuRRaT R of Hlgtie i
Figure 12 is a detail view of the nmechanism by which the bar is fixed to the
respirator wwth the screen in a raised position. 25 Wth reference to
figures 1 Figute TAsiflustnates arespirptirsadaptetidodrécaiwena bar caeying iarfurther
resistant outer shell 12 attached to a rigid, inner shell 14 carrying a
visor 16 PIotBEHY® $CER®ched thereto. The peripheral edge of the inner shell
14 is seated to a head cow 18 nmade to fit a range of head sizes of
desi gnat ed users. The

C 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 ithe respiraior,

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 shell 14 carrying a visor
16 pivotally attached thereto. The peripheral edge of the inner sheli 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
16, defines a breathing zone for the user 20. A neck seal 22 (figure 4) is



30 cow envel ops the head of the user and, together wth the inner shell 14
and vi.sor 16, defines a breathing zone for the user 20. A neck seal 22
(figure 4) is WO 2004/ 084665 PCT/ GB2004/ 001395 . -4 attached to the cow so
as to seal WO2¥®460Sound an upper part of a user's neck. PEI/GBROMDIB0SY, the
head cowl 18 nmay be incorporated in a full body suit. Air is delivered to
the breathing zone by an air delivery duct 24 extending from 5 the rear of
the inner shell 14 to deliver a flow of~4rr in the vicinity of the face of
the wuser 22. A fan 26 |ocated at the rear of the inner shell 14 propels air
t hrough t hattached tothe gpwhse asitorsaal rpuse appund aedinnermart ef asisersmaski ng

my b of tALPERNEAENS Ratiam TE Ml odnPRtBHI AR RUE mar o The
ears of the user on either side of the 10 shell 14 (to provide for a | ow

centre of gravity for the respirator), or otherwise provided in a belt pack
strapped tAirtideeladred tof thenereatking22onacki anaaie dielivent dtiect 24 eataniding frone
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the filterdd 24hranalr filtes @8tis provided to fikeldir efiteriryg thecfanZ®b viarair iglste 27scr ew
thread 32 to enable the filter 28 to be rel easably secured to a conformngly
profiled tThefan 28ismeawsred hy batlasies9 whichmaay begithergemovabiy heysedin ease

o s o BaPER st 2% fosptdd prlinal Ind Bals Rt eEh bR RIAG kST, | o
tanéenﬁba'sﬁe?l 14 @pﬁovidﬁgéf alied santtdef gradtyofortthe n@@gﬁdg'ttdrg,f} afirswide t he

fan so as to be discharge t hrough an el’bow’i nto the . The chassi s

34 has a |prowideidon abelilpack strappetiatheawaist iof theusen 2. vExhalatefrompthe i ng
whi ch, 1n tgrlégﬂiincg %98 iésht,teest flr\gmnt?lleorrespirator 10 via one or more apertures 44 which

may be valved in the lower portion of the respirator.

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 filier the air flow,
and leaves the filter 28 through a central aperture 31. The filter 28 carries a
screw thread 32 to enable the fiiter 28 to be releasably secured fo a conformingly
profiled thread formad 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 air is turned
. from parallel to the axis of rotation on entry to a direction tangential to the arc
described by the tips of the rotating blades of the fan so as to 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
25 parts 37, 38 of the fan casing. The fan motor 40 is directly mounted on to the fan
26, and is swiiched on and off by a microswitch operated by a quadrant arm 42

that rests against the user's head.

This arrangement of the air filter and fan serves to position the air filter closer to
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



25 parts 37, 38 of the fan casing. The fan notor 40 is directly nounted on
to the fan 26, and is switched on and off by a mcroswitch operated by a
guadrant arm 42 that rests against the user's head. This arrangenent of the
air filter WRRWHB4&Sr ves to position the air filter cl oseRCT/GB2B&M1NE back
of the user's head, bringing the centre of gravity of the respirator close
to the centre of the user's head. In addifion, no recirculation plate is
required; the WO 2003/084665 PCT/ GB2004/091395 -5 inlet structure 33
preventing substantial_recirculation. In order tog control the air flow

t hr ough t hdnlgt sHURIWE 3HRESVaMnG substaptialrechevialiens. a system for
controlling the speed of 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. Wihkrd&f R @artolthe birdltvethréuaRdné bréathirgf B 6He, e FospikmBaRmRiLiRdUI t
44 fromthe duct 24 flows into an air flow sensor_46, such as, for exanple,
.a Honeyweld systshs & eantralling dhe speedsefitherfanatfl, Therespikatoen8dngludesla i nto

t.h i nd f the.ai fl i thi t he duct. ,24. ALt ti | v. he b
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The heat tfromfipe dber 24t #owstinto @in birefldweaderrsar 46,1 sliehl dsp fohexawntler aof 15
air nol ecul es passin cross it at_a certain velocity. A signal output from
the sensoioreywell & rigs mass Aidlow sensoragadyirem thesesseyfaek igkHbe; t

Cerper at ur SOMERES, of TR, 2P T SFES the S 2L RGN Wi Kpeb¥hongyit
whi'ch deg erpayeshalistdirédthy ptg e bid@thipsohnéow rate within the duct 24, the
re{--atlonshl p )Eetween 20 the flow in the duct 24 and the conduit 44 having

bei ng previously determ ned |
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 ouiput from the

sensor is indicaiive of the mass flow rate within the bypass conduit 44, as

determined from the temperafure 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 batween

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 dutput

to the motor of the fan 26 in order to maintain a constant flow rate in the air duct

24. This enables any drop in the flow rate due, for example, to 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 ratic 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



- and programmed in the mcroprocessor. Fromthe thus-neasured flow rate in
the .duct 24, the mcroprocessor 50 controls the mar k/'space ratio of a

si gnal out@#t to t%je notor of the fan 26 in order to maintain a constant
flow rate PREBAP9 duct  24. This enables any drop in tPHEV/EBYRPBE due,
for exanple, to the gradual build 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 conptrol tﬁggtna out ut, t fan initially has a
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m croprocessor 50 w |l then continually nmake small adjustnents to the

mar k/ spac ®yrtheiusertts tegpararily m&"&%@le AlF §@W: at e t hrough the duct 24. A

boost %NI'[Ch may be provided for use by the user to tenporarily increase
the airfflow. 5 In order to alert the user 22 of a measured drop in the flow

rate throyghyHBEto e dhe userds Rl & nfchsipad erbpdnttRet ik Fats gsgy 50
is provided on the visor 14. For exanple, the display 52 may conprise a

seri es of conghit, 2displang2 ¢oovested tortbe aniothyrobessaer 30 isprovideddrpthegrsersi vel v
ol e 80 F St nd S 28 1y Do R A RBRT o i bt °
pr O'? le(rmBFg? er e%elg’%;mq‘sﬁteﬁﬁggﬁle egg}ﬂig%gﬁcﬁﬁ Eégﬁgﬂbﬁdtgéehaﬁ er of
15 10es phrtheanatigspacacitiaddithe sigrial supplied tothe protop of the fam the level vity
Whl ch he | ?whlch is indicative of problems associated with, for example, the degree of
blocking of the air filter.

Further embodimenis will now be described which enable the wearsr of a
15 respirator to attach additional protection appropriate to an activity which he is to
cairy out while wearing tha respirator (for example, a welding shield or 2 mash

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 protective

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
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of the bar) plug in the form of a rod 68 (see figure 9) which extends from the end
of the arm 64 remote from the pivot 66, generally in the direction of the pivot 66
but forming an acute angle with the arm 64 to which it is attached. Towards the
free end of the rod 68, there is provided a circumferential detent 72, having an
obtuse-angled, V-shaped cross-section.

Returning to figure 1, 2 and 7A, each side of the outer 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 gsnerally fors-aft direction. In the
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 itselif.
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.

With reference to figures 7A, 10 and 11, each channel 70 is adapted to recsive
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, to a raised

position, in which the bar 62 extends generally across the top of the respirator



of the arm64 renote fromthe pivot 66, generally in the direction of the

pi vot 66 but foriing an acute angle with the arm64 to which it is
attached. Towards the free end of the rod 68, there is provided a

ci rcunf er WO 2AMH/Pde@ENt 72, having an 15 obtuse-angl ed, WEN&GBaW061395
cross-section. Returning to figure 1, 2 and 7A, each side of the outer shell
12 of the respirator is provided, adjacgnt the tenple region thereof, wth
a respective socket in the formof a chgﬁnel 70 extending in a generally
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i ndependently of the visor 16 mhllst the respirator is being worn. 25 Wth
reference to figures 7A, 10 and 11, each channel 70 is adapted to receive
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(as shown fyn30 figure 7B), in which it is disposed in front of the wearer's
face, to a raised position, in which the bar 62 extends generally across
the top of the respirator WD 20114/ 084665 PCT/ GB2004/ 001395 -8 and the
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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.



VWil e this enbodi nent has been described with reference to its application
to a respirator, it is equally applicable to other types of hel nets not
having a respirator C 10 function. Each feature disclosed in this
specification (which termincludes the clains) and/or shown in the draw ngs
may be incorporated in the invention independently of other disclosed
~and/or illustrated features. -9- CLAIiVIJ 1. A screen bar for a respirator
hel met or other helmet adapted to carry a protective screen and conpri sing,
adj acent each end of the bar, a pivot, an arm extending fromthe pivot, and
a rod attached to the armat a point spaced fromthe pivot so that a free
end of the rad,extéends back towards the Ppivot, said free end having half of
a plug and sé%ﬁ%#garrangenent, whereby the bar can be nmounted on the hel net
to di spose the screen in front of the wearer's face and the screen can be
rai sed whilst the,helnet is _being worn, 2. A screen bar as.clainmed in claim
1 being of a cur AFCEFRHRAT TG é‘orﬁgB'F rhelpieder eéﬁiplrpg{ ?sﬂaptg%g‘béa@f 3 he

hel met. 3. Appté@ios sbjenasndCtdrhiidthg, AdpicanteabhindCoiahgbar,vhpiv6y, ntdi@ hal f of
t he plug and so& ' ar as .clajinmed in

ket arrangenent is a plug,. 4. A screen,
cl'ai m 52 whePBRILRLOR) 1 PRGN SAEEREH: the art b4 POt FOACEBGILIRG
corr espondi n@ivbeédtHat Bdrad EMEbIHhe rbd ekidfdS Bakietowards thelpiditesdid reeheen for
a respirator or other helnmet conprising a screen b as clainmed in any

. ar
precedi ng cl 87Yg Balf of 3 Rlyg Apd peckebarrandramemniayhareby thedancan bameuptedoect i ve
Screen or sCHRAHbiRaIto@fsposs MeBRfbentin BNt o IrRAGEHELS faba afl the scfedntaRibeat or  or

other helnet as clainmed in claim6 when dependentfrom claim
raised whilst ine neimet 1s being worn.

2, A screen bar as claimed in claim 1 being of a curved shape to conform
approximately to the shape of the helmet.

3. A screen bar as claimed in claim 1 or claim 2 wherein the half of the plug and

socket arrangement is a plug.

4. A screen bar as claimed in claim 3, wherein the plug comprises a detenton
the rod for engaging a corresponding retaining structure in the socket,

5. A protective screen for a respirator or other helmet comprising a screen bar

as claimed in any preceding claim.

6. A respirator or other helmet fitted with a protective screen or screen bar as

claimed in any preceding claim.

7. A respirator or other helmet as claimed in claim 6 when dependent from claim
2, having halves of two plug and socket arrangements adjacent the temple regions
of the helmet.

8. A respirator or other helmet as claimed in claim 7, wherein the helmet halves
of the plug and socket arrangement are provided on a visor of the halmet.



2, having halves of two plug and socket arrangenents adjacent the tenple
regions of the helnet, 8. A respirator or other helnet as clained in claim
7, wherein the helnet halves of the plug and socket arrangenent are

provi ded on a visor of the helnet. -10- 9. A respirator or other helnmet as
clainmed in claim8 when dependent fromclaim 3 or claim4, wherein the said
hel net hal ves of the plug and socket arrangenent are sockets. 10. A
respirator or other helnmet as claimed in claim9, wherein the sockets are

di sposed on visor pivot covers of the helnet. 11. A respirator or other
helmet as clainmed in any of clains 6 to 10, each bar pivot being positioned
relative to an adjacent pivot of a vi sof0of the helmet so that the hel net
visor and the protective screen can be raised together whilst the helnet 1is
bei ng worn. 12. A screen bar substantially as hereinbefore described with
ref erence t o%nd/Afespiator prefberhainagt astiaimed Bydaimfyshendepepdentfeeciaime screen

and screen bar j i ' i i
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10. A respirator or other helmet as claimed in claim 9, wherein the sockets are
dispased on visor pivot covers of the helmet.

11. A respirator or other helmet as claimed in any of claims 6 to 10, each bar
pivot being positibn_ed relative to an adjacent pivot of a visor of the helmet so that
the helmet visor and the protective screen can be raised together whilst the helmet

is being worn.

12.  Ascreen bar substantially as hereinbefore described with reference to and/or

as illustrated in the drawings.

13.  Aprotective screen and screen bar combination or a helmet and screen bar
combination substantially as hereinbefore described with reference to and/or as

iliustrated in the drawings.



