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PEECH RAGM AND ATION VALVE-

This invention ralates to a valve assembly'f.or use in
conjunction with a face piece nf a mask, and which pe:f:inits
exhalation of the ueer’'s breath from the interior of the

face piece.

Respirators are well-known in which the face picce is
..provideﬂ with an exhalation valve, and also a speech
diaphragm which is employed to enhance the transmission of
speech through the face p:lé_ee, such -face. pieces being
fabricated from a compliant ,séund-deadening ru'bher-like-

matarial.

It is also known, for eaanpl.a, from Gongall at al. 11.S.
.Patent No. .109 4256 1esued Novenber Sth, 1963 to praovide
such an e_xha.lati.on valve and spccech diaphragm in combination
with each ollier as an integratéa sub assembly for attachment
to the tace pi.eeé- A slwilar disclosure is to be found in
Lytle et al. U.5. Patent No. 3,035,574 issued May 22nd,
1965. -uhich also teaches . an j.nteg:atea sub—-assembly 'c*-tf
exhalation ' valve and speecl; - diaphragm that . pernmics

-maximization of the uninterrupted frontal surface ot the
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face piece and minimization of the numhgt-ot through porta
that must be provided in the face piece in order ¢o
accomeodate the required combination of inlet and outlet

porte and s speech &iaphragn.

It ie an object of the present invention %e provide a
conbination of an exha].ation valve and a speech diaphragm

that allows for 2 reduction in the nunber of ports fhat must

‘be provided in the face plece, while at the sane time

ppmittinq a reduyction in the size of the sub~assembly. and
this,. acoompanied by a remarkable dimprovemenl in the
Liaﬁémitted sound. |

' Accocding to the present invention, the exhalation
valve and the speech diaphragm are formed as an integrated
suh-asseﬁbly of uxhalation valve and rpeech diaphragm., the
exhalation . valv-e. aud the speoch diaphragm being supportad

for movement in unison relative to the £ace piece, such .

that, during speech of the usexr, which of essenca requires

controlled exhalation by the user, xi&t only are the sound
waves transmitted directly through Lhe speech diaphragm, but

also., the speech diaphragm is caused Lo move in uniscn with

_the exhalation. valve under the influance of the modulated

air pressure of the air expelled by the user in speaking.
In this way, a ranarkable improvement in the volume /and in

Llie dynanics of the transmitted speech is obtained, without
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. 4n any way affe'ctinq' the functioning of the exhalation

valveg.

Tu a preferrod ea;bédimont of the invention, thé speech
diaphragm iu poxi.tiehed ceantxally of tha exhalation valve,
-the Spéech diap_hrggm and exhalation valve being slxppqzéi:ed on
a spider of light=weight material that iz in turn supparted
on a post of light-~weight materlal that is froely mowable
axially with respect to a nain body ©of the valve, the post
being biased in a valve closing direclion by means of a

spring.

Thus, upon exhalation by the user, the exhalation valve
movea away fron its associated valv.e seat in entireiy the
usual menncr in order to parmit the exhalation by the user.
:It the user, as commonly happans. is spea,king during
exhaiatiou. then. not orly are the saund waves transmitted
through the ligltcwgighi: speech diaphragm in the wusual
- manner, with further pulsations of the exhaled air being
.present 'in the air flow.tug past the exhslation valve, but,
in addtt‘ién; :the speech diaphragm i:s bedily movi}\q' in
forwards and return direc¢tions undec the influence ;t the
expelled modulated alr pressure, 4in the suwe manner as the
aone .of a loudspeaker enployed in sound reiunforcement.
Thus, in spiée of the muffling efiect produced dy the ‘valve
and tho_ Sampening effeéi: produced by the speech diaphraga.,
‘a stbstantial improvement in. the'quai:lt:y of the transmitted

"sound ie provided by the bodily movement of the speech
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diapbragm in forwards and rearwards directions as compared
with the dampened effect on the transmitted speech that is
produced by a speech diaphragm that is fixed relative to the

face piece.

The inveation will now be described with reference to
the aceonpany;ng drawing which 3illustrate preferred

mbuulmeuts of the inventien, and in which:

Fig. 1 13 & vransvegse cross-section through a conbined
speech diaphragn and valve assembly for a réspiral.oc; and,
-Fig. ‘2 is a transverse cross-section through an
alternative embodiment of combined speech dJdiaphragm and

valve assembly for a raespirator.

The drawings illustrate preferred amhodimants of the
invantion in basiec form, the various structurss dia;ussed
being capable of medification in design and pesitioning in
order tu accommodate specific requirements of tho aceociated

K

face pilece.

In Fig. 1, the combined "diaphragm and exhalation valve

.assembly is shown generally at 10, the wvalve including &

valve body 12 of eircular configuration that is to be fitted

in an aperture in a face piece 14, fragments of whicn are

~ shown in the drawing to illustrate the manner of
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interqonnecfio.n of tﬁa valve body 12 with the face piece 14.

As illustrated, the _va_:lve bedy 12 is providgd witli annulaxr
flanges 16 that define an annular chamnel, into which a
por:tion'of the face ;pie}:a can he i"i ttaa, tﬁe face piece then
being stretched over the flanges 16 at the opposite diameter
‘and inserted into the annular channel provided between the
flanges 16. The face piece, which ia formed of a rubber-
1ike maLeria;L_. Lhen contracts under its own inherent mepmory

to fZirxmly enr:rap the body 12 in Lhe apertuze I ui"e face

piece.

The direction 6£ flow of exhaled air is indicated by
the arrows 18, the exhaled air flow being through a central
aperture 20 in the body 16, through a spider 22, the exhaled
air then. passing to atmosphere .pasl: the combined speech
- diaphragn and. axhalation valve, which is indicated qengran!

at 24.

‘The valve body 12 provides a scating 26 for an annular
‘valve member 28, the valve menmber 28 b_eizig formed £rom an

.elastomeric materlul.

The annular vaive_ﬁeﬁber 28 .- is carried on an annular
suypéft 30, the. annul'.ar' suphdrt 30 .being torﬁ_ed txom a, hard
plastics materiai, ‘or o-'ptiomny, ‘a light-weight net:ai. The

| ;ralvg menber .28 ise provléed with flanges 32 tl;lat £it over
the support member "30, thiis to retain the valve membexy 28 in

correct orientation with respect to the valve seat 26':-
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The anuular frame 30 is supported on a spider 34, the

.splder 34 in turn being isizpported on a shaft 36 that is

~loosely suppbrteci for axial movement within a t-:ubulai:

-extension 38 formed integrally with the spider 22.

- Surrounding the tubular extensian 38 is a epring 40,
the spring 40 reacting 'hatueen the spider 22 and an end cap
42 that is attached to the shaft 3é in any =om;enient
- manner, such as by being threadod onto the shaft 36. In the
drawing, foxr convcnicnce of 111u5tration, the valve menber
‘28 is shown as having been moved 3liglhtly off the valve seat
26, such as il iould__ be in the condition where exhaled air
-is flowing Chrough the centxal opening 20 and past the
spider 2z2. 1n the absence of such exhaled air, the valve
;nemb.er 28 will have been ‘moved by the. spring 40, into
_intimate seating relation vith the valve seat 26. |

Positiened Hithin the annular frame 30. and extending
dianetr:lcany thereoﬁ ie a speaking diaphragm 44 the
spaaking a!.aphragm being formad £xom any suitgbla inperviouc
'-nahcxial, 'sﬁah /e plaatiée. 'aheeting: or mctal feil.

- Conveniaently, the qpea.ki.ng diaphragn éan be corrugated or
othczrwige formed to enhance its ability to move under the

pressure of sound waves, such as is well-kuown ia Lhe art,

In the use of a respirator having a combined speech
. . [

diaphragn' and éxhalétion valve 10 according to the present

:i.n'vention,' in the év_elit that the pressure internally of the
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vespirator is less than that determined by the force of the

-spring 40, Lhe velve m_eame:_? 28 remains firmly and securely
_ seateq_ on the valve seat 26. In the event that rhe user of .
the respirator exhales, then, the air pressure existing

‘internaily of the channel 20 ‘and acting against the back

face of the speech diaphragm 24 and the valve member 28 will

cause¢ the assembly of speech diaphregm and exhalation valve

24 to move axially away from the valve seat 26. thus
: pertgi tting axhaled air to pass batweraen tha valve gaat 26 and

:'the Galve menher 28 for if to he exhausted to atmosphere.

Fig. 2 illuatrates an altcrnative enbodiment of the

invention, which incorpo?at'es the same fleoating speech

dizpliragm énd valve ussesbly of Fig. 1, bul, in which Lhe

restoring spring is differently positioned. 1In Fig. 2, the
same :‘.feterencé numerals have been used for those menxbers in

common with Fig. 1.

in fig. 2, the end cap 42 on the shafl: 36 has been
omicted. and. the spring 40 has been arra.nged frontally of
the speech d:.aphracm and valve assembly 24. the sprinu 40
reacting againsf AN ntmhnant; 43 aarr'l ad hy a spidaer 50 that

fornms part of a frontal cap 52 of the assenbly.

h_ﬁ in Fig. 1. exhaled air exiting in the directicn of
-tlize arcous 18 -wi:l.l cause tiie valve menmber 28 to lift off the

vdlve seeﬂ. 26 agulnst. Clie reacl.icn of the epri.nq 40 ., the

- speech diaphragnm and valve assembly 24 at that ti.me being



held in floating relationship relative to the valve seat 26.

By this change in construction, the annular support 30,
the apider 34 and the chaft 136 each can be formed of an
extremely _liﬁht-wcight naterial. such as mnlded plastics.

thus reducing the inexrtia of the combined gpeech .aigpﬁragm-

anc valve asseiibly. 24 under the influcnee. ¢f pulsating air

pressure, such as occurs when the wearer of the reapirator

is speaking.

In the process of such exhalation bjr tné wearerfof the
respirator, it will occur thet the user speaks, thus

resulting in pulsations in the pressure of the exiting:

‘exhaled .air-.. .In the absence of the speech diaphragm 44, as

.:Le common in ré_spirﬁtors not requiring a speech diaphragm,

the sound abgordbativa charactaristics of the face piece 14,
and, the impeaaneé placed on the flaw of axiting air past
the valve _28. will reoult 11'; a muftleé guhl!.tr of the user's
s§euc_h, cﬁd-. a very considevable attenuation of the ircl;_me
ot-.the.usar".s apeeeﬁ. In order to overcanme. this problem, it

is common for ‘such respirators Lo be 'pr_ovi;;e'a with a specch

'éiaphrgga'\. - So dé:l.ng, greatiy iwmproves Lhe ‘quality of the

transmitted sound, but still results in a muffled quality

and attenuation of the wearer‘s épeakinq voice, thig being

due to the fact that at the time the wearer of the

respirator is speaking, the wearer of the respirator also is
f
exhaling and the exhalation valve is open. thus effectively

decoupl i'ng the :sne'_ech diaphragm from the jmlsating air
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pressure within the.'reSpirator resulting from the spéech of
the user. This is particularly so in the eveat that the
speech diaphragnm is _bosi.tiqned ‘at a location other than in

£ront of the user's mouth.

Combinations of exhalation valves and speech diaphragms
are pgicr known in qhi_.eh the. speach diaphragm is ‘placed
L'fontal-ly oL the mouth of ..the woarer of the respiratar. in
this way improving Lue transmission of thec user's voice, and
the intelligibility of the user’s speech. - However, thosse
constructions also are encumbered wikh the problem that, at
the time the usér.is.speiking. the exhalation valve is in an
opened condition, and, the air pressure within the
respirator is only minimally above atmospheric, Thus, the

efficiancy of transmission of the wearer's speech titrough

the speech diaphragm is greatly reduced, again resulting in

a muffled and attenuatad quality of the user's speech,

_The combined speech diaphragm and exhalation valve of
ﬂhe.. présenl: iavadti.én overcomes that "p'z-ehleu- in an extrenely
simple, but walso highly effcotive manner., as iz naov
discussed. i )

¢

When -using the c’émbinec. speech dlupliragm and exhalation
valve of "fhe present i.ﬁvention. at the time the user of the
;-espira'l:or commences to exhale and speak, the entire spesch
diaphragn and exhalation valve assembly 24 11fts off Lue

valve seat 26, thus acoustically decoupling the speech
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diaph:ggm- and e:‘:ha]'_.a:ié_n valve fron the body 12, the speech
diaphragn and exbalation valve assembly 2¢ at that time
floati-ng on the force Aex'erted by the sprixig 40. ‘I‘h; spring
40, which can be a _rel.atiie;y.weak sprin'g.".then permits the
speech diaphragm imd exhalation valve assenbly 24 to move in
the manner of a eéna of a laudspeaker undar the puisating

forxca of the_ air pressure -;esuiting from the user’s s»eech.

In this mannér, in adéif.ién to the sound tronamittcd
' dizectly through ':he'digﬁhragm. 44, the diephragm 44 i? being
bodily moved in axial directions, and is proﬂucing a wave
-troﬁt at the fronl:a.:_l;_ iurface of the speech diaphragm, that
wave tzo:i’; being additive co :hé sound wave pressure beingy

transmitted through the diaphragm.

-‘bhe 'surptil':inq 'r.esult of this construction is that not
only is less é;tehuétion 'impo'sed .on the volume o‘f the
gspeaker's transmitted voice., but also, the dvnamics of the
speaker's voica .n_ra- greatly -an_hancéd. thus makind the
: s{eaker's voice co‘nsid_nt-;a.h'lg. more -inteliigihie externally of

the rospirator.:

»,

As _iri!,l. be -a.pp.tegiated. a basic structure of the
co_mbs.nesi speecl; aluplicsgm  sud exhialution  valve of the
present invention has So far been described. Numerous
;'.mprovements are possible, including that of securing’ that
end of tlie spring 40 adjac‘eﬁt the spider 22 directly to the

spider 22 and s.ec'uring the opposite end of the spring 40
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directl‘y td the cub-shaped melibez' 42, the spring then acting
o l-.o center the cup-shaped nember 42 and the sha:t 36 wichin
the cle_ove 38, and - out .of touchmg engagement with the
si,ee_ve 38. So doing will further improve the dynamics and
vb_lumé of the specaker's voice over the situation that will
cccur  iu the. event that the ghaft 36 48 in touching
‘relationship willi the sleeve 38.

_"‘thima'.l_ly. the restoring .Iorce.on the combined spsech
di_aphragm and exhalation valve 24 is kept as low ac is
'pracficahl,e, dépendent on-'the requirement (Lhat sufficient
: restqéing force must bg applied to the eombined speech
diaphragm and e:d:aiation valve 24 sutricient to secure
prbp_ar'seating of the aimular valve 28 on the valve seat 26.

It 4s also obserwvad that the cup-shaped menber 42
' contributes cignificantly ta thé transmission of the
dynandcs of the uger's voice, the cup-shaped member 42
providing & reaction surface for the pulsating a2ir 'waves
re..sult!.ng.'froé Ehe user’s spesoch, the cup—gshaped mambeyr 42
l:_h_en being _direeﬁly- coupled by the shgft 36 and the spider
34, ﬁhieh acts as an armature to the a;nulnr €ramo membor 30
to Hhicﬁ the diaphi‘agm 44 is aftixed. This, again, 13 vory
much simlar to the functioning of a loudspeaker, the cup~-
.sha.ped member 42 approximating the volce coil of the
: 1oudspeak_er and the .diaphragm 44 approximating the cone of
the 1audspeal£er.. the .spring 40 then acting in t‘pe manner of

the convantional spider employed to center the cone of a
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loudspeaker - and i\_npose & restoring force on the epeaker

cone.

i Various other modifications will occur to thoge skilled
in the art, such modifications are included that fall within

the scope fo the appended claina.



e

e

VEAT JS.CLAINED 7§:
1 A combined speech di.aphragn and exhalation valve
~ for a respirator, including: o

a walve body having a central aperture and which
pzo»-iaoé an annular valve seat;

a unitary epeech diaphragm and exhalation valve sub-
assembly mouated within said valve body with aaid exhalation
‘walve in coopera_(:i-.Ve i.-elatioﬁahi_.p with zaid valve seat': and,

cusllisnt means inposing e biasing force on s;i'a specch
'diaﬁhragm and exhalation valve sub-assembly acting to move
. said éxha:l.at:lon valve into seating relationship witti said
.valve seat; | '

whzreﬁy_, said speech diaphragm and exhalation valve are
movable in unison. agaihst said biasing forxce under the
influerice qf- pressure nodulations in air .under pressure

axiting ﬂroxv[ said valve ho_dg and past said exhalation valve.

2. The combined spee'cjh diaphragm and exhalation valve
of claim 1, in'which said _vﬁlvo- eoat is an ennular su:itace,
sald -exhelaticn-va.ll.ve 45 an annular valve nember, and, said
 speech diaphragm is positioned rdaial‘.ly within saia

exhalal:ion valve.
_ | 3 T
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3. ' The combined speech dlaphragn and exhalation valve
of claim %, in _vh:l.éh .sa_id valve seat is an annular surface
and said exbalstion valve is an annular valve member,
further _' iﬁclu_ding’ Qn annular member providing suppdrf for
said exha-l_atibn_- valie- at an inner periphery of gaid
'exhal-atior_a valve, and pro_v"idinq‘ a support for said speech

diaphragn at an outer periphery of said speech diaphragm.

4. The coxbined speoch Qisphragn and exhalation of
" ¢lainm 3, im which saia speach diaphragn ie a circular nexmber
hermetically sealed at its outer periphery to said support

m_enber,. _

. S ';l‘ha e.omb;neé speach diaphragm and exhalation valve
of c.Laiiu 3, in wﬁeh saiqd support member is' supported.on an
armature shaf.‘t. ‘and said A;mature shaft is supported by one
end of a _eoi.;. spriné_. tfte- other end of said spring being
Tigidly affixed to said valve body. | '

i

6. The conbined speéeb ﬁiaphraan ahﬂ exhalation valve
of claim 5,  in ‘which said@ armature sghaft eoxtends

concentrically within eaid coil spring.

7. The éonbi.nea. speech. ai-phrngn and exhelation valve
of <¢laim S5, further including a plate affixed to said
armature shaft, and positioned interiorly . ot ,said

respira tor.

1
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8. 'l‘he comb:lned speecn disphragm and exhazatz.on valve

15

_of claln 7. in.ﬂhich said plate’ is positioned 1nternally or -

said vaIVe body and within said aperture.

| . 9. The combined speech diaphragm and exhalation valve
of claia 4, further -lﬁ:ﬁhﬁna biassing means operative to
Eiac said va.lvg manb_ér gqﬁards said valva seat.

10, A‘ ~con'|bi.ned ape_ceh'. iii_a'phragm and exhalation valve
Lo & respiratér.- in'c_iudji_ngs .

an annular vglve_ bodf ha'ﬁ.ng a central aperturc and
which provides an annular valve seay; .

i support fingers exte':ding radially inwardly of said
aperture and providing a- supporl: for one end of mn coil
spring; |

~an armature shaft ‘connected at ‘one of its ends< to an
oppos:.te end oi said coil spr:lng, | _ _

: “an annular support nember attached te an oppos:.ta end
of said armature; -

& '.epaech- di.aiphra'g.m-' .s.ﬁi;ported within said. annular
suppo:.-t menmber; and o

uu annular valve . member supported on gaigd annulaz'
support memb:r at an inner pera,p‘he:y of said cnnula.r valve

W

membexr and for coopexativu with said valve seat.




