- 1 - Air blast protection valve FIELD OF THE INVENTION This invention relates generally to air
blast protection systems and particularly to air blast protection valves for use with systems.
BACKGROUND OF THE INVENTION Protected spaces for people and/or equipment for group
protection or military command posts and structures pn the one hand have to be ventilated, while on
the other hand they have to resist the impact of blast waves that could harm people, equipment and air
filtration system components. In order to protect against blasts, air entry and exit openings are
fitted with blast protection valves that are able to protect against the most extreme situation. These

provide effective protection for people and edilipmenitec@emsy sheeimpact of explosions caused during
warfare or civil emergencies, including protection during repeated occurrences of both phases of the
blast wave: the positive pressure phase and the negative suction phase The valve has a closure
element typically having the general shape of a convex plate that is designed to block the vast majority
of the blast wave from entering the protected space and from drawing crucial amounts of air out of the
protected space. To this end, the closure element is adapted to engage suitable valve seats within the
housing on both sides, i.e. upstream and downstream, of the closure element. The valve housing
typically forms a channel for the air entering the protected space. During normal operation the moving
air passes between the blast valve plate and the valve housing. During a blast, the high acceleration of

the blast wave impacts the blast plate at high force and causes the closure of the air passage within
milliseconds dTEAANENS THRIINYIONAION? -

This invention relates generally to air blast protection systems and particularly to

air blast protection valves for use with systems.

BACKGROUND OF THE INVENTION

Protected spaces for people and/or equipment for group protection or military
command posts and structures on the one hand have to be ventilated, while on the other
hand they have to resist the impact of blast waves that could harm people, equipment
and air filtration system components.

In order to protect against blasts, air entry and exit openings are fitted with blast
protection valves that are able to protect against the most extreme situation. These
provide effective protection for people and equipment against the impact of explosions
caused during warfare or civil emergencies, including protection during repeated occur-
rences of both phases of the blast wave: the positive pressure phase and the negative
suction phase. The valve has a closure element typically having the general shape of a
convex plate that is designed to block the vast majority of the biast wave from entering
the protected space and from drawing crucial amounts of air out of the protected space.
To this end, the closure element is adapted to engage suitable valve seats within the
housing on both sides, i.e. upstream and downstream, of the closure element.

The valve housing typically forms a channel for the air entering the protected
space. During normal operation the moving air passes between the blast valve plate and
the valve housing. During a blast, the high acceleration of the blast wave impacts the
blast plate at high force and causes the closure of the air passage within milliseconds or

fractions of milliseconds.



Often the gap allowing the air passage is symmetrical to a longitudinal axis of the valve. For example,
the valve closure element may be designed as a flat plate, or as a structured plate for example
spherical or semi-spherical or hybrids of such shapes, with an annular air gap surrounding the valve
closure element and typically concentric therewith. The valve closure element has to be very strong to
absorb the blast energy without deformation, while névertheless having small mass in order to reduce
inertia and allow short closing times. . The closure element is mounted for axial mo ementfalong the
longitudinal axis of tREAS &%@% ”‘é‘l‘i@\ﬁ’f?e%‘rp%assgﬁ%fe 15f PR TALE 5?rﬁo&?f§%ﬂﬂ1%&¥narﬁ]{ﬁﬁm of air
resistance, whilevelesimhtha atipassroarstierealy éahimcans dkalblbsicdave Thiplaountiag is
achieved by elastic elements that allow the closure element tq reach the valve seats lﬁpsl%ream and
downstream ArtirPSHHFFCIE'HE FIiSFPOSIEOPSSSR (& PEPU R0 8&%@%&%86&% withdut damage
or fatigue for alitelgmenisiaf hepapsiervuindingsheastetbb alastitcaiements @rscafifingscsuci as
compressing springs or. tensign spyings or a compinatiqn of both types of spri In the case of a
strong blast v@%\’“f@,wéﬂf‘as‘lt[tﬁo‘é Ve bﬂﬁéggﬁé%ﬁ%‘?}@ée ?e%efﬁesg%g%ﬁg 3Pe£r%en ,eptﬁgﬁn%nﬁr%ainst the
valve seat downblrgadafafiakikiocks ihaaicfimicantpiageniaihenbiasihwaderantecihg ¢hegratected
space. The characteristic negative pressure segment of the blast wave, the suction phase, follows
immediately &% B ﬂg‘fﬁ#@%l ﬁpége'gér?ﬁ%nt back to the valve seat upstream and seals the protected
space in the oppositgldirgetion tpmdaedativeuptedsurainpactvAtienthépgsitt/agidudegtives pressure
phases, the closure %rement is auﬁma%i{cal%ﬁegetume to itg origénal gpen ontgitiolrﬁ tr)1¥ mean 58; the
elastic elemesie VArYfesR1a8HiR lMeHes HETRT AT HASURSH TRt 'SP AJWALHER S closure
element or aressndathe petinbeipdheread. 4 susihhgasenihasty damaniusretheiissivesvsulijbit to the
direct or indirect impact of the blast waye,. This is undesirable for, two reasons. First, the ajr hlast can
damage or cﬂﬂ??@s? t%CFH%VS%A Pk%?é%ﬁ%?%% géaéo?‘? v {hE SISEHE e‘%rlﬁlg%?s? %ﬁg?ﬁjucﬁ} e air
stream and caalincseasetbedare aeidradasstreambéd. rktillustrefies ithd 2 gosidbulesign of beshaker
protected from b%?t \%/aves %nd air contamination. Ag the ai}: int kel IS one ok man%s eIast er%toesgtion
valves | install8dahs SRR ARSI AGTREMDD thLelReIL AL ATRRE SN Eoioh theaValves,
The air flow iscdsawthdhiaughcpipiag24de aitipysificadion henp@dhap reldage dilterstbaisphmasgir ducting
4 to a blower 5, which pressurizes the pratected space within the - 3 - shelter. An air exit valve 6
regulates the ﬁﬁo&}@r‘} ?8§s#r%(ﬁ%’ﬁ¥geﬁ}:%$ggfg§‘space to a desired pressure; and it likewise is of the
form of a wall-mountidtHe viee sifmilatrtmghid dslastipeote ftiarpestiies pressurE GGt 2¢ockeshemtlze
conventional blast protection valye. Air enters yia an entry aperture 8 intq a housi havi n exit
aperture 10 aﬁh’ﬁb‘%@ Wgﬁtgﬁ‘gﬁlgﬁﬁhﬁ%@bna%%%mggn%é OUSIng O an 1(a:thvcél%lJ(\)/(éE|§Itagttfa%]‘Zﬁgvél
(constituting aaatbpusecalsment)iadirfiowscinsidiestiie housingdrpaed. tRbgpehiphetsrisfithechhstevalve

plate 12 to the_exit aperture 10. U% Ive plate 12 is resiliently displaceable within the ai m via
tension spring%lreisf%gé3 B \?V%lc \l@aastﬁa‘l%ﬁzeed %%eas%{gﬁ)prhgr%x%?t 'Oeﬁsgi%/ema%?elitfi n@%éﬁrgpposite
end of which ishartitarecd koanineinoab shdevalad that hpsisiagnOard stadh thecprifigeiesdtitpactie darings 11
partially obstruct air-flow, thus increasing the pressure drop across the,valve and reducing i

efficiency. Furﬂl?gf’r‘ﬂ%?re}?%ﬁ%ﬂ&grytc(}g Trpact o the &ir Bfggtagg‘:tsfg (ff%c f olﬁgﬁé‘%i e-(\l'}jvéﬁ%?{{ﬁ/hg springs
11, such that iepeatedpipseatite of itvnaklercenises damagectilthecraved Juchaodistattiopeand
reduces its elasticitg. Air ven%i{ﬁg%pa&rca% Jrigrgpson systems employing air blast protection valves
are designed %Of)lrb\ﬁc?é/ g d Ahount of aiftiow to a protected space according to a given
standard. Total air thiitheghmitcdittatestsheaymibelommines! ofpgivenr atintp voruicenh. thargoswisives are

able to handle g higher, ait-flow and haraioe ARG 'Rl Alkdloneie RenRaded Mg feaner valves.

subject to the direct or indirect impact of the blast wave. This is undesirable for two
reasons. First, the air blast can damage or cause stress to the elastic elements; and
secondly, the elastic elements obstruct the air stream and can increase the pressure loss.

FIG. 1 illustrates the general design of a shelter protected from blast waves and
air contamination. At the air intake is one or many blast protection valves 1 installed
through the wall. Incoming air into the shelter can come only through these valves. The
air flow is drawn through piping 2 to air purification filters 3 that release filtered air

through ducting 4 to a blower 5, which pressurizes the protected space within the



Financial considerations require that installation and running costs be optimized. Since installations
may comprise up to hundreds of air blast protection valves, the required number of valves has a
significant impact on investment costs. On this basis alone, it would appear to be desirable to minimize
the number of blast protection valves in the system. This, in turn, suggests that valves of higher
flow-rate be used and these are inevitably larger and more expensive. As against this, a

consideration of runnjng costs requires that minimum. energy be wasted,owing to upnecessar
pressure dropts&ds<tha bt chﬁscfﬁg\)gﬁfé%%?érc ‘f%‘%’d)é?aﬂgﬁ B0 t%@g% MERESSInG The
number of valigi&Dasstadeargiaisdilevpressuf etdrapmasdsswestimvalved devitissimiappdrent that
the ideal soluéign is the O&imPim t:ﬁdeoff between rated airflow and pressure drop. Clearly, for valves
of a given ratBdSiPRGH 1he d number of valves as well as their running costs may be reduced

by increasing valve gffixienay andhéisarespnieesithal pressucacdtom aaiossAacheaivahareguged. - 4 -
SUMMARY OF THE INVENTION is.thus an ot%'Bect of th8 inveﬁtion tﬁ’ grovide an i Proved air
d tlows thr 2

{
blast valve heﬁﬂ%”ﬁe dﬁt@r% &%ﬁaﬁ tlhgwrfﬁtﬁ@%l}p %%%%Bdlva Ves ofwcompéll%athbﬁ%1 ?‘gﬁﬁg. £t is
another objedeptiza thvertiamioYaddce vadve Ppliad JCassnrtihaiafastidesiemeriaaftamairfbiast valve

and to reduce axial movement thereof, preferably t than th ' - t of
the closure SRR PoTFECATHIL SHONEE Yoo B DA G ot kot PR N ne

fout' gP%rltrL\%ethe
elastic glememOS Wﬁée\alaeanMatlan iof retibast satispladdileléolarkingtie) tar sigrifinantly tediwe
non-axial Stressj{i’i%)gghﬁe{l)%gtlgn?ll%?]%%ti%h is attached to a periphery of the valve plate 12 and the
opposite end of which is anchored to an internal side wall the housing 9. In such a
configuration, the springs 11 partially obstruct air-flow, thus increasing the pressure
drop across the valve and reducing its efficiency. Furthermore, the very high impact of
the air blast acts directly on the side-wall of the springs 11, such that repeated operation
of the valve causes damage to the valve, such as distortion and reduces its elasticity.

Air ventilation or air filtration systems employing air blast protection valves are
designed to provide a defined amount of airflow to a protected space according fo a
given standard. Total air throughput dictates the number of valves of given rating
required. Larger valves are able to handle a higher air-flow and therefore allow the rated
air-flow 1o be handled using fewer valves.

Financial considerations require that installation and running costs be optimized.
Since installations may comprise up to hundreds of air blast protection valves, the
required number of valves has a significant impact on investment costs. On this basis
alone, it would appear to be desirable to minimize the number of blast protection valves
in the system. This, in turn, suggests that valves of higher flow-rate be used and these
are inevitably larger and more expensive.

As against this, a consideration of running costs requires that minimum energy
be wasted owing to unnecessary pressure drop across the blast protection valves. This
consideration leans toward increasing the number of valves so as to decrease the
pressure drop across each valve.

It is thus apparent that the ideal solution is the optimum tradeoff between rated
airflow and pressure drop. Clearly, for valves of a given rated air-flow, the required
number of valves as well as their running costs may be reduced by increasing valve

efficiency and this requires that pressure drop across each valve be reduced.



b) to reduce axial displacement of the elastic elements to less than that of the blast valve closure
element; c) to dispose the elastic elements outside of the air flow; d) to shape the elastic elements so
that their moving parts have lower mass/length and elasticity and higher restoring forces. These
objects are realized in accordance with the invention zpy an air blast protection valve comprising: a
closure element resiliently supported within a housing;”  a plurality of elastically deformable

elements each having.a respective first end that is anchored to a surface of the housing and each
having a resp%gmals%‘% ngﬁ;ﬁl%r‘al%%g%ﬂﬂﬁhty of inelastic coupling elements each anchored at a
respective first end tf {hg,secongiend,phat i'ﬁ@é{f ; t%ﬁﬁ@ﬁ%ﬂﬁa@wﬂiﬁfmeﬁ'%%ﬁ% red ata

respective second end toward a periphery of the closure element; the inelastic coupling element

being adapted hgbsnotieianrs MEWW%%%IWE%@&%?% air stream acting on the
closure element in ejthgr gifegtionRa geres kAl Ry REROH e Fespasiive alagiicalbiic

deformable element or elements anchored thereto. In one embodiment of the invention that was

reduced to prelemeenteel Ao sindlame gvmandite rsduppcrsiai cRVERAS Y AerainRIrfsER it &3fange of
less than two gillisecondsandithe Maliewasbledeidtisiand abisast three defined high impact

blasts of up to 40 bars reflected in series without damage or change in airflow characteristics.
The criteria that allowed reaching higher throughput without harming the elastic

elements were a combination of at least some of the following:
a) to significantly reduce non-axial stress to the elastic elements;
b) to reduce axial displacement of the elastic elements to less than that of the blast
valve closure element;
¢) to dispose the elastic elements outside of the air flow;
d) to shape the elastic elements so that their moving parts have lower mass/length
and elasticity and higher restoring forces.

These objects are realized in accordance with the invention by an air blast
protection valve comprising:

a closure element resiliently supported within a housing;

a plurality of elastically deformable elements each having a respective first end
that is anchored to a surface of the housing and each having a respective second end;
and

a plurality of inelastic coupling elements each anchored at a respective first end
to the second end of at least one elastically deformable element and anchored at a
respective second end toward a periphery of the closure element;

the inelastic coupling element being adapted to convert axial movement of the
closure element caused by an air stream acting on the closure element in either direction
to a reduced axial movement of the respective elastically deformable element or
elements anchored thereto.

In one embodiment of the invention that was reduced to practice, the closing
time of the air blast protection valve was maintained within a range of less than two
milliseconds and the valve was able to withstand at least three defined high impact
blasts of up to 40 bars reflected in series without damage or change in airflow

characteristics.



- 5- BRIEF DESCRIPTION OF THE DRAWINGS In order to understand the invention and to see
how it may be carried out in practice, embodiments will now be described, by way of non-limiting
example only, with reference to the accompanying drawings, in which: FIG. 1 shows a pictorial view
of a shelter system with a blast protection valve; FIG._2 is an isometric view of a prior art blast
protection valve at the air entrance to the shelter; FIG. 3 is a partial sectional view of FIG. 2; FIG. 4 is

a front elevatign of FIG. 3 showing t [ t plate; FIG. 5 is a vertical cross-sectional
view. of the val?%?gg &%ﬁ%ﬁ%ﬁ‘ﬁ@h@‘ﬁ%‘ﬁﬁfﬁ%@&‘b IG. 6 is a schematic cross-section of a
detail of an air blast grQipelion \RlERLCHE 9 IR RRINYRATIRNSE AW ING ORGiATeN B ity clasure

element;  FIG. 7 is an isometric view of an air blast protection valve according to an embodiment of
the invention IWREHgR prabedimesimaiBoxioke deseribed By ek tRinBPU RG] e 2Rk blast

valve plate in@ﬁkpperf&%gg%t@g;accoﬁgdn%iﬁga([}ﬁggég}qig vigwof the valve similar to FIG. 7 but
showing the situation where a blast wave hits the blast valve plate;
FIG. 1 shows a pictorial view of a shelter system with a blast protection valve;

FIG. 2 is an isometric view of a prior art blast protection valve at the air
entrance to the shelter;

FIG. 3 is a partial sectional view of FIG. 2;

FIG. 4 is a front elevation of FIG. 3 showing the springs and the blast plate;

FIG. 5 is a vertical cross-sectional view of the valve as seen through arrow A-A
in F1G. 4;

FIG. 6 is a schematic cross-section of a detail of an air blast protection valve
according to the invention showing operation of its closure element;

FIG. 7 is an isometric view of an air blast protection valve according to an
embodiment of the invention with the plate in normal position;

FIG. 8 is a sectional view of FIG. 7 with the blast valve plate in its normal
position;

FIG. 9 is an isometric view of the vailve similar to FIG. 7 but showing the
situation where a blast wave hits the blast valve plate;

FIG. 10 is a sectional view of FIG. 9 showing how the blast wave has moved
the blast valve plate to an extreme position;

FIG. 11 an isometric view of the valve similar to FIG. 7, but showing the
situation where a suction part of the blast wave pulls the blast valve plate to an extreme
opposite position;

FIG. 12 is a sectional view of FIG. 11 showing how the suction part of the blast
wave has moved the blast valve plate to the extreme position;

FIGS., 13A to 13D show details of a spring used in the valve illustrated in FIGS.
7 to 12 under the various operational conditions;

FIGS. 14A to 14C illustrate successive positions of the closure element of the
valve as illustrated in FIGS. 5 to 11 under different operational conditions; and

FIGS. 15A to 15C show details of the closure mechanism in the respective
operational conditions shown in FIGS. 14A to 14C.



FIG. 10 is a sectional view of FIG. 9 showing how the blast wave has moved the blast valve plate to an
extreme position: FIG. 11 an isometric view of the valve similar to FIG. 7, but showing the situation
where a suction part of the blast wave pulls the blast valve plate to an extreme opposite position;
FIG. 12 is a sectional view of FIG. 11 showing how the suction part of the blast wave has moved the
blast valve plate to the extreme position; FIGS. 13A to 13D show details of a spring used in the
valve illustrated in FIGS. 7 to 12 under the various ﬁfﬁ%@ onditions; FIGS. 14A to 14C

v

iII_ustrate suc&gﬁbgﬁB@ngJB%@ewg e as illustrated in FIGS. 5 to 11 under
different operational conditigns: And descFlGsh 1PAIMI S heuAdRtails.ah b closyee.mrchaism in

the respective operational conditions shown in FIGS. 14A to 14C. - 6 - DETAILED DESCRIPTION OF
EMBODIMENPgear innmpes fbhovein ftsserptibatsheshsimaitah Senatiamadifdavitichs setersarrchiy that

appear in mog eml%?em%es%mg.share similar functionality will be referenced by identical
reference symbols.

FIG. 6 is a schematic cross-section of a detail of an air blast protection valve 1
according to the invention having a closure element 15 that is vertically displaceable
within a housing shown symbolically as 9. Springs 18 constituting a plurality of elasti-
cally deformable elements are anchored at a lower end to the housing and are coupled at
an upper end to a periphery of the closure element 15 via inelastic coupling elements
16. The inelastic coupling elements 16 are adapted to convert axial movement of the
closure element 15 caused by an air stream acting on the closure element in either
direction to a reduced axial movement of the respective springs anchored thereto. In the
figure, the inelastic coupling elements 16 are shown schematically as a mechanism that
is fixed to the housing via an anchoring point 17 constituting a support means for
slidably or pivotally supporting the inelastic elements 16 intermediate opposing first and
second ends thereof. The inelastic elements 16 are coupled to the closure element 15
and to the spring 18 via flexible joints 21, whereby air pressure on the closure element
15 in either direction applies an axial force only to the springs 18.

FIGS. 7 and 8 show details of the air blast protection valve according to an
embodiment of the invention. Air enters through an entry aperture 13 in the housing 9,
passes axially around a valve plate 15 (constituting the closure element) and leaves the
valve through an exit aperture remote from the entry aperture. The valve plate 1s
resiliently maintained in its normal position by a lattice of thin cords 16 typically
formed of steel wire, respective first ends of which are anchored to the valve plate 15
around a periphery thereof. The cords 16 constitute inelastic elements which pass
through eyelets 17 (constituting support means) fixed to an interior surface of the
housing 9 and are then anchored at a respective second end to one end of a tension
spring 18 whose opposite end is anchored to the housing 9. In the embodiment shown in
the figures, the spring 18 is anchored to an exterior wall of the housing toward the exit
aperture and is covered by a protection plate 19. In such case, the cord 16, which is

necessarily inside the housing, passes through a hole in the housing as best seen in
FIGS. 14A - 14C.



FIG. 6 is a schematic cross-section of a detail of an air blast protection valve 1 according to the
invention having a closure element 15 that is vertically displaceable within a housing shown
symbolically as 9. Springs 18 constituting a plurality of elastically deformable elements are anchored at
a lower end to the housing and are coupled at an upper end to a periphery of the closure element 15
via inelastic coupling elements 16. The inelastic coupling elements 16 are adapted to convert axial
movement of the closure element 1 sed b air stream actjng on the closur e{t mept in either
direction to a reduce‘éisa}?ﬁgf’ﬁf’(?%r’ﬁeﬁ ‘tﬁeapgsggc?ﬂf %ﬁw&?gnsg?&%lggth“é?e%ﬁ% e %ﬁirle, the
inelastic cougling elemeniscifivareyaiawn sehdnatically andhonathanisnvtiet iplficedtoshetaousing
via an anchoring point 17. constituting a.support ns for slidably or pivotall orting the_inelastic
elements 16 ﬂ%ﬁ?ﬁeﬂ%ﬁ@%‘ﬁ%gﬁéﬁﬁlgﬁ g@cg%e& RadShErest fhe Ei)rnnenifa%t%/g?;fie%?hcgnnégi%raasre
coupled to thenglogre:sliemeantplianstalhemspring dBavih thexilie jpints:2 lhfwhenethyeailmpsedsure on
the closure element 15 i eit? r direc’%on @%plies an%axial fortce al?ﬁ/‘éotﬁr}%sserinl%salll%xi Of S.7and
8 show detailS3SFtHE SYBFAS ?)I%FeBEF R 2 R g T S b SR GF the Shvention. Air enters
through an engpapaguse Udinttoecbalising Sepasdesakieytiaroutdeaplalvel flateribnisomstitsting the
closure element) and leaves the valve throulﬁarlg'{ an exjt aperture.remote from the entr rture. The
valve plate is Q@Hai?fﬁﬂyt L AtRiR8d RS Kormsr p%si{%nrg;slpgﬁgﬁlecépcrﬁr{%ir?éc'or sfslgé{?/%%ah%a?ormed of
steel wire, respegiive firstiendsief whieh aris alichibreckdte thelyalveplatpabbeiroomd apenphbay thereof
The cords 16 constitute inelastic elements which S throu elets 17,(constituting. suppQrt means)
fixed to an int‘é??glr% a}:% %ﬂ@r\%sﬁ Essﬁ{aeb}léﬁc é‘lgeatﬁ?es A h%fce}:(aeaﬁe{d roeﬂs%légﬁ\r}elgs%rggﬁlg%e# to one
end of a tensigiacspsiRth kS Pdnesempippsity andniglanchbnery tbethachorsing Sicin yhrengrabddinednt
shown in the figu es,lgere spring, 18 is anchored to an, exterior.wall of the housing toward t&etﬁ it
aperture and E? dBYeRY %f%%o%eaét%ﬁ%fgtégf&%?shl?(%:(ﬁscémsﬂe\éj[ é% cszglr%f“i(glf W |C§1|es%%%essaﬁly inside
the housing, ppssesitiroughteheie:iretbk todsiagsas:ibstggen msptGB/cleigletl K that s fixedAs better

seen in FIGS. 9 and 11, each.spring.18 supports.two cords 16, whic Ss overr iye eyelets 17
and are then 5‘?18?16%%]1@ ﬁ%f\é}(é%v%qggfgﬂéofgg&%ﬁ% a]r%u%ﬁ%eennp &ty Of stﬁgn\%ai%?op g?é 18 tﬁere is
formed a symmeliittiiaticpat chedtiatarkressiliently thallddsoyetetesprings tovwatibtdresiiceperture
of the valve. In such case, the.eyelets 17 are preferably mounte mmeiri | ect to an axis
of the spring %Ugoaﬂl?ilﬁﬁflél & P il 50reétgnlié 8?586@ %&%%lﬁ?fgcff %1 gﬁﬁgvgoﬁlnégﬁ)%riphery that
are on opposite sides.kthsaedpectireispsmints. | Briscenstitebhanphesslite an thievatvwsablale 15 is

distributed evenly, to each pair of cords 16 and. that each copd 16 lies t Jorceto the spring.
However, Oth@?%(?ﬁﬁéllﬂll% lons %Srgoa seooﬁlo%l& Ite}].eF%JFag?a\{\r]ﬁ p{%,yoni%ﬁ aas%%g%e cl:%%g}?nay%el anchored to
each spring ahchfixegl tOitkeivabye platdatmat aptiat toereciotttabis thrially tisplasdbchrodrendyaxis of
the spring 18. In either case, each cord.passing thrgugh.a res [ l%tegi I{Q%I%‘h [xed.tg;an
internal surfac® Bt et%é%%irpgngﬁ%icg%a Palﬁgrﬁer‘r?%n L%/']lv(?% R\%tgﬁgﬁ%gﬁlé? Qﬁat se%/es to sﬁdably 1support
the cord 16. Ppessigreiomihercibg uisteleradntitseitheishisl divattigrothasamplissiaediligpenbdice to the
cord 16 and an axial f%%ﬁ or}l}/ t?nthﬁ g%gg%%%ive < L'Lllgl \évise, although the springs 18 are preferably
anchored to aR%EXieridr wall 0 ﬁiheuﬁouslng SO as b outside the air flow, they may also be
mounted inside the hBIGfhd¢ Tndsiie Kesvstiistagtory if thhlasdmevoroetbs tHeragnkast tBethvehvelirectly
applied to the springs it.is,nevestheless better than kn ig@ﬁé@mgﬂg@iﬁog%%ds
minimally obstsig%%%f%?#ggﬂz%r{\éz coras %&%\llxl}lg ‘hic lésrﬁ%&%%%botprint to passing air'than the
much more massivesphihgsto its FiGST dantsteashpositienmpearst e blestaiagd o lthdeengrients of
the valve shown in FIGS. 7 and §,during the initial pressur eglneyalve plate 15 is pushed by
the air blast t(\ﬁlﬁes Yﬁlﬁ% %%\?vgng ?el%%ep%ogl ?o%%vé%‘égr{él %%s% g%ls}%gtingg 20. In doing so, the valve plate
15 pulls the cords 16184ifing te $prihgsy 1Betinspestodt the HpstSvave andhe 2lshnithed ibpaehsf the
past wave (o the,ciements of 16 alve Aulina P e bRea AL SUCHonAOASE L ALY GRIAlEAS IS
drawn to its utfmost pstream position where 1t strikes the housing 9. In the process, the valve plate 15
pulls the cordpbéitioerabyrsticsolikey thelspringso18n the FIESs184 ¥8!YeD!akoly astliidertidsspring
18 during diffei%%gl%%ra&?é{%&m}ﬁ@i%ﬁn% tﬁe valve. The springs have at least one end which is
conical in shape, givin improveé performance (smaller acceleration mass in the first moment of

impact) and an incredgéif lidAinve GRhshspridgeilFIe teAsphiowd $héuspringifrpmioapsgational
conditions of the valve. The springs have at least one end which is conical in shape,
giving improved performance (smaller acceleration mass in the first moment of impact)

and an increase in life time of the springs. FIG. 13A shows the spring prior to use



- 8 - having a length of 61.6 mm. When mounted inside the valve, the spring is pre-stressed as shown
in FIG. 13B where its length is 83.6 mm. FIG. 13C shows the spring during the pressure phase of the
air blast, where its length is 93.6 mm and FIG. 13D shows the spring during the suction phase of the
air blast, where its length is 123.6 mm Thus during the blast cycle, the spring 18 increases in length by
10 mm during the positive pressure phase and by 40"mm during the negative suction phase FIGS.
14a to 14C show movement of the blast valve plate of a bl%st rotectiog*ﬁvalve according to a

embodiment BRYHREAVERESNC frhk HRRE VARR SRRRTKSH BRGNS HalVE: APFeREing B SitE S onvex
shape, e.g. spheredn AN IMIPOT R tiRatIie oddhe: iRvenbonkel #Es Bhelwwenhokiinagrduongment of

the blast valve plate as a multiple of the corresponding moyement of the e t ing. During the
positive blastBRASESSHHE BIESkae fh%ﬁ{f&ﬁ?ﬁb Vgﬁfé’ Bﬁi%%éb%g%ﬂ‘&%%gﬁtgffg%ﬁ?&%fhe
spring, while gyyiing deinegindivvadistiphipbagetieatlisplatewaakofishenalvesplatovasm 1 T8usm
compared to 40 mm for the end of the spring. . . FIGS. 15A to 15C show details of the cords 16 in
the respectivéi‘brb'égal{?&gl?%oﬁfﬁlfoﬁges%w& i’r?ﬁf@@?ﬁf&%leﬁgéimjae%‘f‘ét%uf?%rt&eaﬁ%lg?gd to the
internal surfageeefifephausing anddasitiateshidingnexementiihdeerds 16 during axial movement
of the valve plate 15, To thjs end, the eyelets have a beveled channel that slidably supports. the cord
and which also servéss 'a}l%%v%yg%%oﬂ 8&%\%?@%68&8%618% g\IIﬁ‘ﬁo %%Bll?é?n% i?s%ajllﬁsgtlé)%?eé’%ghment to
the springs. ByaBrchctaeding, o eecaplishablisiudly o theicordhéshiwverhelgdsdrensistidthtodirect

axial motion qf the springs. Althpough in the embodiments shown jn EIGS. 7 to 15 the inelastic
coupling eIen@?igtc&?gfiﬁﬁg&@oﬁlgoeflgﬁBfg%r%‘,aﬁ’?/viﬁ'%‘eS Y at‘é& AR FEB RIS 8?&213
invention as explained withcrefe oce taFiGlifemanberealizetiusisigsothdraphteashesufoplexample,

the houeing 175 FEAAEF AL DCEEFr A o1 TESRRURE e B Do IH A g Be plate
may have mapyadiffatentifasmsnismicdlyhi isatydinslaeakinsiapemandispiomhad dOmatetiad that is
resistant to corrasion and tem erature and has a thickness befween %511?39 em_n].VB i gli\ggsrical" is
meant the sur?BE@%ﬂ%Ba &f‘tﬁé %Iﬂﬁ%tﬁeré\}%qﬁﬁowkgﬁoﬁlea ?@38? B6hte atga fiXed AhEance from the
line, forming airt usisvoédhgaindet) insarferahrhadiment spdiownstream surface of the valve plate was
gereraly sphrtal 1) ey S R, S MEETTR TR TR SRR SRR 9

conditions shown in FIGS. 14A to 14C. The eyelets 17 are anchored to the internal

surface of the housing and facilitate sliding movement of the cords 16 during axial

movement of the valve plate 15. To this end, the eyelets have a beveled channel that

slidably supports the cord and which also serves to allow the cord to change direction

without changing its angle of attachment to the springs. By such means, force applied

obliquely to the cords is nevertheless translated to direct axial motion of the springs.

Although in the embodiments shown in FIGS. 7 to 15 the inelastic coupling
element is constituted by a flexible cord, it will be appreciated that the principle of the
invention as explained with reference to FIG. 6 may be realized using other approaches.

For example, the inelastic coupling element could be constituted by rigid struts that are
pivotably supported inside the housing in a manner similar to that shown in FI1G. 6.

1t should also be noted that the valve plate may have many different forms.
Typically it is cylindrical in shape and is formed of material that is resistant to corrosion
and temperature and has a thickness between 0.5 and 3 mm. By “cylindrical” is meant
the surface formed by the volume of revolution about a line of points at a fixed distance
from the line, forming an axis of the cylinder. In one embodiment, a downstream
surface of the valve plate was generally spherical in shape and capable of withstanding

a tensile stress in excess of 250 MPa,



a closure element (15) resiliently supported within a housing (9); a plurality of elastically
deformable elements (18) each having a respective first end that is anchored to a surface of the
housing and each having a respective second end; and a plurality of inelastic coupling elements
(16) each anchored at a respective first end to the second end of at least one elastically deformable
element and anchored at a respective second end toward a periphery of the closure element; the
inelastic coupling element being adapted to convert axial movement of the closure element caused by
an air stream@t the closure element in either direction to a reduced axial movement of the

respective elepticalIﬁﬁg@ﬁmg@&g@mggw{ﬂl‘%mﬁgphored thereto. 2. The air blast protection

valve according to claim 1, wherein the inelastic coupling element comprises: a flexible cord (9)
having a first end arfchloreteleesdon desilisui tsennagadanikiemfnasg éBment and a second end

anchored toward a pegiphan Qfitba ¢loswaslshasle @Mnemssyﬁgcam%nﬁlgfn@pemem an
exi

inside surface of the housing for slidably or pivotally suppormthe inelastic flexible element
intermediate &9 fibst dhansharasktect SHEERP IR ISIASHETeSR RINIE f BSRASH Y5 eSSPRd on the

closure elem%%%ﬂther direction applies an oblique force to the inelastic flexible element and an axial
force only to the elastically deformable element. 3. The air blast protection valve according_to claims 1

or 2, wherein the elasftEtifiaitireiatig s Wik aerEs Fhebar i AISha SoraPESIHE ditside the

air stream.  ond 1o the second end of at least one elastically deformable element and anchored at a

respective second end toward a periphery of the closure element;

the inelastic coupling element being adapted to convert axial movement of the
closure element caused by an air stream acting on the closure element in either direction
to a reduced axial movement of the respective elastically deformable element or

elements anchored thereto.

2. The air blast protection valve according to claim 1, wherein the inelastic
coupling element comprises:

a flexible cord (9) having a first end anchored to the second end of the elastically
deformable element and a second end anchored toward a periphery of the closure
element; and

support means (17) anchored to an inside surface of the housing for slidably or
pivotally supporting the inelastic flexible element intermediate the first end and the
second end of the inelastic flexible element so that pressure on the closure element
either direction applies an oblique force to the inelastic flexible element and an axial

force only to the elastically deformable element.

3. The air blast protection valve according to claims 1 or 2, wherein the elastic

element is fixed to an external surface of the housing so as to be outside the air stream.

4. The air blast protection valve according to any one of claims 1 to 3, wherein

each of the elastic elements is a spring.

5. The air blast protection valve according claim 4, wherein each spring has a
reduced mass/length-ratio and an increased restoring force toward the second end of the

spring compared to a remainder thereof.



4. The air blast protection valve according to any one of claims 1 to 3, wherein each of the elastic
elements is a spring. 5. The air blast protection valve according claim 4, wherein each spring has a
reduced mass/length-ratio and an increased restoring force toward the second end of the spring
compared to a remainder thereof. - 10 - 6. The airubll‘a\s_t protection valve according claim 5, wherein
the spring at least the second end of each spring is conical in shape. 7. The air blast protection valve
according to any one_of claims 1 to 6, wherein the closure element is a valye plate of energ{

|
cylindrical sh&pe formu ot HRATePEBTHOR YRV B55PI8 B8 B ard torHh SlaARPangH (742" %/ickness

between 0.5 apghadena o8 eddiesatiddasicpredectioshypdve according to any one of claims 1 to 6,
wherein the closure element is a valve plate having a downstream surface of generally spherical

shape and being capable ol WINSIANJING. RNSIE.SHEESE 2780 MERor e P18 Ahiastarorection
valve according to any one of € Ams 1108,
closure element is a valve plate of generally cylindrical shape formed of material that 1s

resistant to corrosion and temperature and has a thickness between 0.5 and 3 mm.

8. The air blast protection valve according to any one of claims 1 to 6, wherein the
closure element is a valve plate having a downstream surface of generally spherical

shape and being capable of withstanding a tensile stress >250 MPa.

9. Use of the air blast protection valve according to any one of claims 1 to 8.



