SUPPRESSANT ACTUATOR CROSS- REFERENCE TO RELATED APPLI CATI ONS 5Thi s

di sclosure clains priority to United States Provisional Application
No. 61/514145, which was filed on 2 August 2011 and is incorporated
herein by reference. BACKGROUND 10 This disclosure relates to

suppressants and, nore part'gﬁkiﬁé sant actuator having
a biasing nenber and a sol ehoi d. ésA&féﬁﬁﬁﬁggg n systens, such as
fire suppression systens, include a suppressant. Moving an actuat or

of these systens tOROSSIREFERENCEQO REEATED APPLSCANTEOdIEANt. 15The
rel eased suppressant may be used to extinguish or suppress a fire.

Suppr egsi on sy : | % .o ]
squrezsion syg%gﬂgﬁgﬁgﬁg %“35Pg?gﬁﬁﬁp%@%gggﬁﬂ%?3?3ﬁ°3§ﬁ§@?§?é@£%ﬁéh
act uat or s 6af5é4 i, t whwhawhy fedbra 2oAveast 2é aml enuncooporeted aherein by
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pi ston act{§i8F% are periodical |y Oi nspected and repl aced. I|nspection
and replacenent is costly. SUMMARY An exenpl ary suppressant actuator
assenbly includes a rel ease nenber 25 novable froma first position
that restricts flow of a suppresBAGKKGBOINBcond position that
pernigﬁ fl ow of a suppressant. A biasing nenber noves froma

nor e- bi ased position to a | ess-biased position to nove the rel ease
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actuator having a biasing member and a solenoid.
Suppression systems, such as fire suppression systems, include a suppressant.
Moving an actuator of these systems to an open position releases the suppressant.
15  The released suppressant may be used to extinguish or suppress a fire. Suppression
systems operate in many environments.
Many fire suppression systems include pyrotechnic-based piston actuators.
Such actuators are particularly prone to wear due to environmental conditions. Thus,

to avoid actuator faults, the pyrotechnic-based piston actuators are periodically

L) ) S inspected—and-replaced.—-Inspection—-and--replacement-is-costly:- T T T I e T e
SUMMARY

An exemplary suppressant actuator assembly includes a release member

25  movable from a first position that restricts flow of a suppressant to a second position

that permits flow of a suppressant. A biasing member moves from a more-biased

position to a less-biased position to move the release member from the first position

to the second position. A solenoid is activated to permit movement of the biasing
member.

30 An exemplary suppression system includes a controller and a supply of a

suppressant. A release member is moveable from a first position to a second position.

The second position permits more flow of the suppressant from the supply than the

first position. A biasing member moves from a more-biased position to a less-biased

position to move the release member from the first position to the second position. A
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30An exenpl ary suppression systemincludes a controller and a supply
of a suppressant. A release nenber is noveable froma first position
to a second position. The second position permts nore flow of the
suppressant fromthe supply than the first position. A biasing nenber
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suppr essant . SCRI PTI ON OF THE FI GURES 10The various features and

advant age$ sappressentdp sseenddositianphas pemmify flaye ebarsupppgsasdnt to t hose
skilled in the art fromthe detail ed description. The figures that
acconpany the detail ed description can be briefly described as

follows: Figure 1 shows aDpESURTPTIONOSWTHE AGERESP! € suppressi on
system Figure 2 shows a section view of an exanpl e
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Figure 1 suppressant system 20Fi gure shows, a cl ose-up view of the
area | abeled a lg“ri?i;.slzg‘”% %S@F@GP%%Z’W KRB erERRIRFRS Bigiem.

Figure 2 shows a section view of an example suppressant actuator assembly
I5  used in the Figure 1 system in an unreleased position.
Figure 3 shows a second view of the Figure 2 suppressant actuator assembly
in a released position.

Figure 4 shows an example detailed view of the supply and actuator in the
20 Figure 5 shows a close-up view of the area labeled as “Fig.5” in Figure 2.

DETAILED DESCRIPTION
Referring to Figure 1, an example suppression system 10 includes a
suppressant actuator assembly 14 that controls flow of a stored suppressant 18 from a
25  supply 22 in a second position. The supply 22 and the actuator 14 are together
considered a fire extinguisher, for example.
The suppressant actuator 14 moves a release member 56 (Figure 2) between
a first, unreleased position in which suppressant 18 is stored under pressure and
opening 20 within the supply 22 is closed, and a second, released position, in which
30 opening 20 is open. The release member 56 may be part of or connected to a piston
assembly 24. The piston assembly 24, for example includes the structures extending
from the actuator 14 to the opening 20 of the supply 22. In some examples, the piston

assembly 24 may be a single structure.

_ Figure 1 suppressant system.



Referring to Figure 1, an exanpl e suppression system 10 i ncludes a
suppressant actuator assenbly 14 that controls flow of a stored
suppressant 18 froma 25supply 22 in a second position. The supply 22
and the actuator 14 are together considered a fire extinguisher, for

exanpl e. TheanswEpisne 9 @i pisioh URtadibl 24 rBevesScnathe elreassitionndydr thd 6
(Figure 2) between a first, unreleased position in which supPr_essant
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and t he sbedndngpdeith betwezs fiwel posadont end the second position as well as to mid-
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engi ne bay
inside of or within the supply 22.

The suppression system 10 of Figure 1 may be held within an engine bay 30
25  of a vehicle 34. Suppressant 18a released from the supply 22 extinguishes fires
within the vehicle 34 and particularly within the engine bay 30. In other examples,
the suppressant actuator 14 is used in a crew bay, dry bay, or externally to a vehicle
34. The suppression system 10 may suppress explosions as well.
The suppressant 18 may take many forms. In one example, the suppressant
30  includes dry chemicals. In other embodiments, the suppressant may include liquid,
foam or gaseous suppressants.
Referring now to Figures 2-5 with continuing reference to Figure 1, the
example suppressant actuator 14 includes a solenoid assembly 50 and a biasing

assembly 54. The biasing assembly 54 of the present invention preferably includes a
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25 of a vehicle 34. Suppressant 18a rel eased fromthe supply 22
extingui shes fires wthin the vehicle 34 and particularly within the
engi ne bay 30. In other exanples, the suppressant actuator 14 is used
in a crew bay, dry bay, or externally to a vehicle 34. The
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suppressant 18 q%% take many_forns. In one exanple, the suppressant
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29 of the piston asSenbly 24 is recelived wthin the suppressant

act uat or $uppaesdantsl Scthrnestapds from the supplyadethmerghethe $6le Yhém thehmpture
rel ease nﬁnggr 56, connected to the piston assenbly 24, is noved 5 to
the secondbdéPftion by the suppressant actuator 14, a second end

portion 144 of ThBQoRh&1dON SSHEeRBppredint fetl86:CRAmalHt AR el pRitldh e fdhe K
148 to create a hole 20. The stored sufp ressant 18 then escapes from
i
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The sol engj f.t nt tor 14 maintains the position
of the 10919%?%%%@@3}%? Cé‘?é{g@glg(?lg%t }@8{ e’'position of the piston

assenbly 24 unfThk stffgesemtacalata@r1426r the petsein@ntioh has ah oleg Radsing®o6s he
sol enoid 51, . The suppressant actuator_ 14 of the present
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82. A portion of the first end 29 of the piston assenbly 24 extends
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extends a length of the stemportion 82 of the release pin
conpr essedawiyads shati exgerglsi & lqmgths efitthavstehi poitioe 82 of the release pin 56. A
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spring bore 23. Integrally connected to the pin guide 8 is a bias pin
7 whi ch esprém8 i cpaaeti with efpin iguidedhglidabbf repsived withinytheDigs spring borem

portion 8 t I £ , f . rtion 82.is
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t he headethe/8ngth of e édtyals dfl tAngRm/Portion 82 of Mddiciabd\GieDEbss. H2 end
surrounds the neck portion 21 and stem portion 82 of the rel ease

member 560f B sheim pogtion $eisiflidafely respived By bergdi7adefined ey dhey stemypartion
first,end f i 3 2 in contact with the radial
fIangze§708g§?%lﬁehe%$ekﬁe7§sog%rf%%g{e£? ea’/?]td a second end 62b of the

bi asi ng nmenber AbRiasing coamtiteet t62viutdouhdrethe agtla boidion fA laarglestad . pofiien 82 of

bi asi ng nber 62 noyes_ihe re|] ease nenber 56 outward frogmth
housi ng 681 T5leasme eﬁ?éaé@tW%L%a’e[ﬁea%ﬂS@ﬁt he r@ﬂﬁ@ﬁﬂlg@ 78 828 %first ne
bi asi ng Mepbes, GRHEHRIMNSmERBE! 6 Nocotiat Waahy i ﬂa'ﬁﬁé%_to@%e M dabe
the radial flange 74. The radial tlange 74 prevents the tfiring pin
104 from eweber 6htad & isengnd leed bRlasf thg bimsmigemeiBer G2cigaodiaeswith the fadial
posl té(? : ﬂgnéeh‘?ﬁl.f’fhrel bnlgsil% nme%qué'r 62 moves the release member 56 outward from the
housing 66, or in the direction of D, while the second end 62b of the biasing member
62 remains remaining stationary and in contact with the radial flange 74. The radial

flange 74 prevents the firing pin 104 from ever contacting the biasing member 62,

regardless of the position of the firing pin 104.
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The bi asi ng menber 62, which is, in this exanple, a coil spring, is
preferably capabl e of exerting between 350 and 405 pounds-force (1557
and 1802 Newtons). In alternative enbodi nents, other types of biasing
menbers with their own output forces nay be used. 5Wthin a second
end of the bor thé%iaisﬁl(fan&ﬁbm, Whacnsieialtis 2Rampleca s6il efe ol ivssrdly
50 includes a solenoid 51 wth at |east one coil 136 connected to_a

power souferablesefcgxeringbetwerny 10 and 495 porngsoforee(1820 and h¥02aNewinaab i
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firing piforé€magbausedd end 16 which is received 10 by the cavity 25
within_the ste ortion 88 and.the bore.27 defi.ned by . the header 7

of the’ radi al ﬁ’%ﬁ&é SF&(.’ndBenqufé“ﬁz’%%Ff 1%Hhae 217018135% 1¥i5§~i%eﬂﬁ?f1°1 4
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dianeter D2. The transition between the first outer dianeter D
t he secondowot,emuchliaanecentrdhizr i26, adudbirhil 4Qgndaa meoveatdle qirger 122. Thd 5

The first outer, diamet DL .is eat t han .t second ter di aneter
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di anet er Eortlon D2 as the firing pin 104 is noved. Bores 108 are

def i né@ i By threcayity A5pbithin site Som petiaatthandtbeboee Dhdefuied §y the headet 78/
of ball b i_n 2 e bores 108 extend radially fromthe bore 100
to an Zoggt}}eé?g&\z}\;alﬁﬁngg;%t he stem portion 82 (Figure 4). Wen the ball
bearings 112 afMaepoHichil aned thi fidigipih1e4bas 8 first @Gter Uhendtadd Bhad/thewser
portions 116 of the ball_ bearings 112 contact the flange 74 of the
header 78¢R¢ IRohdf &nwcond pyisr Laraepr P2 AThen trapratian peiwespthe i st otse
firing pinp; q RNV [ d
25 agai nstH 1at ger@ag‘?} h{%gsegﬁﬂéfno@ﬁ?%ﬁgt?g?ﬁg&aﬁglt@oggﬁ F?%ﬁ%ﬁ%ﬁ@ét,
unr el éase@hpdissttonce didmeterhD$ iegeatet than wikesecbid optesdiametes PAVIHN plugdity S

inthe first, unrele d.position, .the radially outer_portions 116 of
the. bal | BbaH HEETER 3 GREStom hes it atter aencipagon R: fpkAgee Famp
The angl ededidfq23 #0tHeSeoHl Rtk dBrAditMRtich BP aémeSfPﬂIg iR§ 02 % Mat .

assenbly 14. The first, unrel eased position may al so be considered a
| ocked positi omores3D08Agrecdefined impihcestérat mution B didasichgreneimbemne 6, a
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l'i mi t2ooveaRptwal of NBe Rtas | fostide BRe(Fifide . WEMEMe BRY H¥RAAEOf 12 hee
pi ston assenbly 24 in the direction D. Specifically, contact between
t he radi appsitionsdevitiiorthe oprps 108, &k radiallpanter perdionnd$6 of theabedl beseings
:ggleﬁgl ;aEEZ g:%igvaacﬁgh% ﬂgn%:g%gﬁ%th% gg%lc{e?g% _%0 Hgl\éetﬂg}q}sto%f asgeqneblg}i?ﬁtirq "he first
position.
The firing pin 104 holds the ball bearings 112 within the bores 108 and
25  against the header 78 when the piston assembly 24 is in the first, unreleased position.
In this example, when the piston assembly 24 is in the first, unreleased position, the
radially outer portions 116 of the ball bearings 112 contact an angled face 120 of the
flange 74. The angled face 120 is angled relative to an axis of the actuator assembly
14. The first, unreleased position may also be considered a locked position.
30 As can be appreciated, the biasing member 62, when compressed, biases the
piston assembly 24 in a direction D away from the header 78. The ball bearings 112
positioned in the bores 108 limit movement of the biasing member 62 to prevent

movement of the piston assembly 24 in the direction D. Specifically, contact between



When t he suppressant actuator 14 noves the rel ease nenber 56 to the
unrel eased position as shown in Figure 2, the radial flange 70 of the
rel ease nenber 5 56 is not in contact wwth the end of the bore 12 of
the outer housing 66 and the biasing nenber 62 is conpressed. The rod
end 16 of tidwadiailyion@r poRich941HboSe Dall Bearkig’s 1RiaAd theadh@lddTecei 20 fthéle
8 connected to _the _{)i ston assenbly 24, further conpressing the bias
spring 9. header 48 lipdisimgyegienpaf the pistan asgembly 24 4o waddhejsqcangpeiiéonon t he
first outer di e i 1 firingani 4 &t
seating on bot W%’Oiqﬁggﬁ%%a@e%%ﬁ%éﬁ%oﬂn é{f&t %‘g %é%?%ln?%l‘%e%g%é %‘gff}he
ranp sect inareléh&l pdsitidreasf showngn Figurd Q4thanadinhBargie &t gfahé redens8theatbet he
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unl ock d”SHEF fob i contact wigh t?%ﬁléfggg they Oﬁ%a_ﬁ#@ﬂ%ﬁ?w&ﬁ?éﬂ d8ed
position %%s&ﬁrrﬁblﬁﬁée@__ ROSInhprER e ASTIRIOMerdM 6 bgﬂ{eeﬁxﬁl&ﬁih 10385ihs e
coil 136 of the solenoid assenbly 50 1s energized. This pulls the
nmoveabl e plasngiar 7182 dpposi tgeideh® chinnected dn the fston assembliygl4,e further

pulling the head 128 .of the pu end .17 e firi in,104 also in
Vel r ot i GRMBESNSE Aty G wppest abe Batyicd helh el 1o R fFId i wheS Bhe
plural ity 1ef fiRebhteP aRiMedd@Spotdeh DI dTaue fMingPih 164 fb'yrfﬁbti&%c%ﬁn? o Mgk
portion D1, of the firing pin 104 down the ranp séction 122 to the
secondl outler ragipasestien 120t therradial Gangendd, ramp sectisnnl 220 thefiriog pirpl 04 he
ranp 20 ion 120 of d4.h dial flange./4.., The vemnent,. of th

e g pi e bl et B S8 S G iefET 3ty 20¢ P BTN e
gui de 8 t beabsider®dgn infloékediposigibhon opposing direction D. At the sane
time, the biasing nenber 62 biases the rel ease nenber 56 and pi ston
assenbly 24 i nTloHglege bgmeshagsmbram ap unfileased gpation foam gdeaped gesitioe
rel ease roes. £S5 | : . .
shoul d bgg not gvd"f_’ E’h@%ﬂ ﬂ[ehrBéCagIfgggtlc%]nge"!ﬁgggtgtb?ég@goé%1%2&g%§¥%%§ee&%%ieg.
fri ct i®nallThisgrutle the moserbld gdngdarl 32 ghpddite tind dieadtion yf Of inhiad Figlre apulhigs

112 that gre si.ti gned bet e firin in. 104, release nenber 56
and the r b ﬁgflﬂéﬁgéhezal}f?ﬁ??@&B%éﬂ%aﬁefo%%@ i flectighsPeeyRy o i s
generati ngpﬁosﬁt,@rd%ctﬁ&fib. THist i A0all Ry Pk lﬁrgﬁtyeéﬁ%aﬁleoeraﬁhgéifﬁ FERBes

56 out war This force vector creates a reaction force at 30 the ranp
secti on 120n thedtrstcbuder didreetemphirtibn Dlanfjthe TdingThe 104 dowo dhe moppssator

o s e el o dgll e e RS S e A e

62 i Ny he s&@idRr RS BF tROFdid] OfMange 74. ThEOmbO&RENt! dYethBBGMEN bi™ b4 GMNiRe
rel eased position to an unrel eased position, the nmechani Sm needs to

be manual Hirestiwseapposingrdixgetion Bk alewhdlrd 8iny gnide S dsongoverimbeldiregiiorand

Chown 1 EPe Greagh BUAR HIHER BeofE ikt bttt 2 HiaBF i eifhse

posi ti on, nidathepb83né pistdiaserablg H4i inithgdipédiion ¥F DRLRi1Ghs diMYRAzHATKT t O
the initial position shown in Figure 2. Wiile the rel ease rren%er 56
i s novi ngthsdeleasegmember 54 is illaFOTﬁ@fgl“tﬂihdh? enchef thebpedal ity of bal |

bearipgs 112 r [ d ' t hon
12 ot othe {11 Engioaid, By BlpREE ¥ e vl GERLEF 1o Ol TSl bOT,
104 and t ligctivnylef@ot tednsiniitedr diroage tie plublifyoot dallt berippsiridli thit cke
bal | beari ngs 1% over th?‘e ranp, secti?n 122 of the firing.pin and
ranp sect PBHNIAEY Rweethe fiing pin| 104 Eelease megpher 2§ anddhe radial) flange g
bal | beart i e LGt s -l rds .
T shout d BeToisre sy 3PnuRll el s Uheruidy AL b HipR o
sol enoi d &dwsenint yel&Be byermpbanfodoutyaal. diis foged veate drbatesug nedotias fepe iahg

9 that.is_.in the sane direction as nt ,of the eabl e pl unger
132 of0  nebeaErsr B abIpgrigd 8 (S ! FE: 79 Ttiorerboy cempentht BL Bhe
work the gateneiter astmgnipon R pifitty REHER Whridgd€112 creates a frictional force
that inherently locks the biasing member 62 in the compressed position.
To reset the mechanism from a released position to an unreleased position,

the mechanism needs to be manually reset. To reset the mechanism, the biasing
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15 additional force provided by the bias spring 9 also allows the
force output fromthe solenoid to be reduced and thus the size of the
sol enoid can be significantly reduced. In other words, the bias
spring 9 acts as a force equival ent of a counterbal ance, where a
smal | amouwidmidr 62 Qe eclba® merhidr 38 hiPBE compRBsIURRK &S i3 Hitid FositibRlks 14
of the present invention provides nunerous 20 advantages over
convent i ofhoWR dn Hgues 2.08% mpyang therelessgrperabert Yoetositppigitia gﬁgﬁtloméhwbmr
of the pr i NV esRo

appr oxi meBrE 8 S RibERRA04 B Rk ARV BAcK, LCHEORRRL bbRaSshomn dn,

to a conv@igure maIWhii% tignreWdabd fnﬁnbar Bbas nspiing) Gackf toZﬁle NBitiaApbsigtE rthe
force out put over_ long distances i,s also present wthin the present

i nvent ? on Plugplity of bl Rearipgs bl smaia g place “P’lethﬂé\ﬁ%tﬁgt) thesarﬁ@zcb%e&h%

conpari so QHﬁﬁf 0

pounds- fopc%q?qgg %h ?ﬁ-%ﬁﬁ%?ﬂ@e&%%?ﬁﬁhgﬁ%ggﬁg%ﬁgﬁé@%1?R%%@géggnt
i nvent i on movedizht pﬁthedmla‘ases e (4 8ofReNehwt plnslity bf bald rbedridigsr £, over the
actuated with a soI ut forc of 5 oun e (

i ¢ her o 81D RN LT S0 SR S GO 8P 3eRyEnd 70 HBS T8 AHe
ranges in l&kﬁ?gsﬁle%ﬁurgllt@% HallHe88ndgs1A27inMplddel dﬁettl'x@rﬁigt oul@RliARetBOYSFion
consunption of thi's enbodi nent is approximtely 120 watts, In
conpad¥Pso®lto 160 watts for a conventional design mnthout a bias
spring. In addi the e e cap be.made as | ,as .
appr ox mat ety 0 SAGHASEEE BE°RY FREPE /RS b Sriied dits gR5solonoid

i nches (mabs]ehl’ﬂ?} 80y providengh R rm% force througte bﬁé% hg ISP EH IBO kame
actuator 14 includes four of tﬁ al | bearlgg C|rcunferent|ally

sur r oundi dieetian 45 roxgmpatroflhe moveablyi urses gl eof thhsolsaeid dseemblipd.

112 are e\i’q}gé ;lyosﬁ”e%lépﬁo%&%%h{l@és t QB%tﬁg S(t)lﬁl%ld %?s%%?? 6(6 %@tsf%rfo%? Tg‘?cl'

beari ngs anot nher a 1 on,

S5In ths eddipha,foideerbiidsd bg thr@laibe Bplﬁ% aatiopillsive nh@ﬁﬁedrblhtyuﬁﬂorﬁuhe
al ong a connon _axi s npl e _rupture dISk 148 is relatlvely

thin and ﬁ%lﬁﬁ%lfiuteamfsﬂ%%ﬁnmuaw %ﬁ qfifhe §Qlﬁlﬂfr19 con be gjgnificantly reduced
cylindrical ofi@plotdd, %1@ ﬁsﬁ?@ggb%ctslaga F%gﬁ%ﬁ'eﬁr oftart%élafé (f%'?ﬁ’en

actuator 147is threa frtting o e supply

her net i caklsphalieaiowmebifodcctlmsaHargs ippdey. 22 at areas W and 2. Vari ous

connectors are_then secured to thF E# ﬁﬁfssant act yat or , such as
Hotd

—M DTt st yl e roGntPREHTAEE 1A5Ha o8 -

term pat e s@barfadel M\/&%Oh@éﬁironal actuatdrrﬁe§1 $ Fexafhfle, thosu é&§érﬂgct§§topf
t he biasing assenbly 54 is nade of 4L stainless steel, and the

housi ng 1460 the mes#80MReption Hasss fast wllcnOTﬂweeSponm tigreldD apmoxﬁnméyd%d
to the housihg 6 he. argas.W._and W2. The.housing 66 and e.
housi mg S0 BEeqds onsh i FETiad sffig, B codbrur Tt Avervraianel AEvien
seal . O heyithioat @rdi@ SriieCofUsEehsl A ARG fREATRIPAS over long distancesSisZ 5o Of
t he exanple suppressant actuator 14 are determ ned based on

cal cul at i ®resewf withinethe wafrsawcmﬁgntwm@ madisa SereoéS, poundadarce 22 Newtons)
ti ”Eszga“%e@cf"eﬁ‘ﬁﬁ mi)'&ﬁ?@ﬂ %OJS t%PFaﬁ‘H%mél%lﬁlQSt 2 YRR'SERRRBE 36 phiiRkor

14. 1n” soite exanp ter erance
force (133 Newtons). The force of the mechanism of the present invention is 425

pounds-force (1890 Newtons) of stored force, actuated with a solenoid output force
of 5 pounds-force (22 Newtons). Furthermore, the mechanism of the current
invention has a stroke that ranges in excess of 0.500 inches (12.7 millimeters). The
30  power consumption of this embodiment is approximately 120 watts, in comparison to
160 watts for a conventional design without a bias spring. In addition, the package
size can be made as small as approximately 0.8 inches (20.32 millimeters) in

diameter by 0.8 inches (millimeters) in length.
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are used, and the mating surfaces are hardened or ceram c coated to
reduce friction. The exanpl e suppressant actuator 14 outputs
3.7 Joules of energy. Ot her designs provide 9-10 Joul es of energy.
Features of the disclosed exanples include a suppressant actuator
that 25 exper iThecaambR aippwsbant lattubioe 1panélodeseRae of 6gy Bdiobé@ingsue t o
environmental condjitions. The service |life of sonme of these exanples
appr oache§irggnipsetially iHrernding the ripg g £4- tIp dhis sppmplendin balhbearipgs s
over prior . -
rol at | vel s 2ok AREH ARt AR PO BRN IS BRE of e Al MenitE Bt g
descri pti aha 13:08yespbaranothet hter 3:00 gositiomietd.ng i n nature. 30

Vari atLons and dificatiops,to the disclosed, exanpl e y becaqne
apparent to t hESGUS REFHRlG i beRoE TS 42 26 PiRn FeTERR A MO rlpRE §
fromthe gssansexef this disclosure. Thus, the scope of | egal
protection given to this disclosure can only be determ ned by

st udyi ng t he f dhkewimglecupiung disk CHAlNVBlANyell thimandhieriet callyr eskwelided

actuat or assenbl isi.ng: .. .. g release nmenber veable froma
first postd MEnSiRAt 2PeBbifdt & sindried! i bR SXairie: B apgume, the
position kajreR@itMhétBatbl O &f tRreBAHAPHRS SAMitling of the SupplRSINAndember
that noves from a nore-biased position to a | ess-biased position to

move dbe hemesiicallysemereldadolmm thesupnly 22 ab gtsias (Vo h and WheV &rewis pgnnectors
position; _10.and | enai d ' | vat ed_t efmtt venent o
t he bi asi %%B Fr%ﬁbseer%}nseazg %?e“@@%%?ée“zs%ﬁa Oarciéga ué):fr;E %sé’feﬂﬁbl?ggo%?ﬁglrgp 1,
i ncl udi ng candectorigr Nitembtvad-bdssd oantedtobythhtternsiahteaoh dyfgdsadan engaged
position to a di sengaged position, the firing 15 pin_in the engaged
posi tion Iinit IMEIHBFERIBVBARBANSIRG 04 Abtheibiasingsrane o4 dhade aa P04l ng
pin in the,dhseneaseha@s Hoh@ig 140 is a 430FR stainless steel. The housing 140 is
15  welded to the housing 66 at the areas W1 and W2. The housing 66 and the housing
140 each provide a radial flange to facilitate the hermetic seal. Other materials are
used in other examples.

Sizes of the example suppressant actuator 14 are determined based on

20  requirements for the suppressant actuator 14. In some examples, tighter tolerances
are used, and the mating surfaces are hardened or ceramic coated to reduce friction.
The example suppressant actuator 14 outputs 3.7 Joules of energy. Other
designs provide 9-10 Joules of energy.
Features of the disclosed examples include a suppressant actuator that
25  experiences relatively little performance degradation due to environmental
conditions. The service life of some of these examples approaches 30 years, which
greatly reduces the replacement intervals over prior art actuators. The example
suppressant actuator has a relatively small size and provides a linear actuation.
The preceding description is exemplary rather than limiting in nature,
30 Variations and modifications to the disclosed examples may become apparent to
those skilled in the art that do not necessarily depart from the essence of this
disclosure. Thus, the scope of legal protection given to this disclosure can only be

determined by studying the following claims.

—calculations_of_the_balancing_forces, strokes, reaction _times, and_package size . ___ . _



3. The suppressant actuator assenbly of claim 2, including bearings
circunferentially_arranged about_ the_ firing pin, the bearings in a
hel d position 20 between a portion of the rel ease nenber and a header
of the rel ease nmenber when the firing pinis in the engaged position,
wherein noving the firing pin to the di sengaged position permts
nmovenent of the bearings fromthe held position to permt novenent of
the rel ease menber to the second pd@Lﬁﬂgﬁi 254. The suppressant

act uat or sefpLy of claim3, wherein the bearings in the held
position directly contact the firing pin, an angled face of the
header, and the rel ease nenber. 5. The suppressant actuator assenbly
of clam 1, wherein the rel ease nenper 3Q noves fromthe first

posi tion tlo theé SEPEHEYEEPRIOBASENEHY CYMPIHEE axis, and the biasing
menber moves fropdhe HRhGeDhesediP aShd homsg 9€v§ipﬁn 'ttﬁasfegﬁ%&eﬂow of a

position along a second axis that 1s aligne e first axis.
6. The supppEssanitoactcatdqrosdieosdmds pgroits ttdwiofia Syppaésari n t he first
axis is coaxial wth the secg&d axi ressant a Egg{or

7. Th
assenbly of ¢l d WFSng JRaat AR HBOYHS T o FORGERSL BIREIaTs fasa dossgyised

SPring.  §osifib t& URVCARS Abasd ThdiiR oS SIRTRESY poditi6h & MelsccMEp&itibrt he
coil spring is configured to exert at |east 687 Newt ons of force. 10

9. Thel8upphnéssant actuator assenbly of claim 1, wherein the biasing

nmb [ I . i f th I nber wh h
el case menber dgiephias i pREpeR ppmh Hovege SRR wlfer

actuator assenbly of claim1, wherein the suppressant 15conprises a

fire suppressant. ) ) ) ) ) _
2 The suppressant actuator assembly of claim 1, including a firing pin that is

moved by the solenoid from an engaged position to a disengaged position, the firing
15  pin in the engaged position limiting more movement of the biasing member than the

firing pin in the disengaged position.
3. The suppressant actuator assembly of claim 2, including bearings

20  between a portion of the release member and a header of the release member when
the firing pin is in the engaged position, wherein moving the firing pin to the
disengaged position permits movement of the bearings from the held position to

permit movement of the release member to the second position.

25 4. The suppressant actuator assembly of claim 3, wherein the bearings in the
held position directly contact the firing pin, an angled face of the header, and the

release member.

5. The suppressant actuator assembly of claim 1, wherein the release member
30 moves from the first position to the second position along a first axis, and the biasing
member moves from the more-biased position to the less-biased position along a

second axis that is aligned with the first axis.



11. The suppressant actuator assenbly of claim1, wherein the rel ease
menber conprises a piston. 2012. A suppressant system conprising: a
controller; a supply of a suppressant; a rel ease nenber that is
noveable froma first position to an second position that permts
nore floweof t@esuppeassedttuatdreRidntity SEaRInY 5! WhdteinhBe fist 8kisRO&IakiadN;
25 a biasing nmenber that noves from a nore-biased position to a

| ess- bi aseéd 85¢4o8fl 286 nove the rel ease nenmber fromthe first
position to the second position; and a solenoid that is
activated in response to a command fromthe controller to initiate
movenent aof t hdheisappregsanestiedtof agsmbleofElhien b agedipafl Biagig heenibze

| ess- 30bi ased position. 13. The suppressant systemof claim 12,
wher ei it KETPERSAOTPIA8t i vates the sol enoid in response to
detecting an increased tenperature. 14. The suppressant system of
claim12, wherein at |least a portion of the systemis housed in an
engi ne bay. of &heedupptessant actuatbh.asSnely ufpelaiss Antwieyst ahe obil cpaihgid 2,
wherein the rel ease marggier, 6té’J} bi asing. 5 nmenber, and the sol enoid
move al onGORIABRMIRPRGK A [eastGe Ogﬂﬁgqoé‘;fsant system of claim 12,
wherein the biasing nmenber conprises a coil spring. 1017. The

suppressant systemof claim 12, wherein the rel ease nenber conprises
a pisién. 9. The suppressant actuator assembly of claim 1, wherein the biasing member

receives at least a portion of the release member when the release member is in the

first position.

10. The suppressant actuator assembly of claim 1, wherein the suppressant

15  comprises a fire suppressant.

11.  The suppressant actuator assembly of claim 1, wherein the release member

comprises a piston.

20 12. A suppressant system, comprising:
a controller;
a supply of a suppressant;
a release member that is moveable from a first position to an second position
that permits more flow of the suppressant from the supply than the first position;

25 a biasing member that moves from a more-biased position to a less-biased
position to move the release member from the first position to the second position;
and

a solenoid that is activated in response to a command from the controller to
initiate movement of the biasing member from the more-biased position to the less-

30  biased position.

13.  The suppressant system of claim 12, wherein the controller activates the

solenoid in response to detecting an increased temperature.

10



18. A nethod of activating a suppressant system conprising:
activating a solenoid to permt novenent of a biasing nenber; and
15using the biasing nenber to nove a rel ease nenber froma first
position that restricts flow of a suppressant to a second position
that permits fITowsobprassatiPPERESaNtlaind 92, Whe el hadt @goﬁioﬁidﬂtﬂegsystem
wherein the biasing nmepber caonprises a coil spring. 20 20. The net hod
of cl ai m 1Bhouspdinn sginshayodpiveRicke: nembrane with the rel ease menber
to rel ease the suppressant when the biasing nmenber is noving fromthe
first position to the second position. 21. A suppressant actuator
assenbl y, 16onpflihsisnppressastigypteassacidinst Hvdbréin tize ziyapd membai, dietsgnging
a rel ease nenber 3x' ally npveable froma first position that
restricts™ e%%ﬁr@@gaﬂ@%aﬁpwwﬁm y container to a
second position that permts flow of a suppressant fromthe supply
container; a bias spring biasing the release nenber towards the
second posbt i ofdhe suppressantfsystemgpfplaimi 1, shacsti thg basing mepber@iiprisend
bal | bearings,.the firing pin having a | ocked position in which the
pl urali ty°8 SM&‘ bearings radially interfere with

10 17 The suppressant system of claim 12, wherein the release member comprises a

piston.

18. A method of activating a suppressant system, comprising:
activating a solenoid to permit movement of a biasing member; and
15 using the biasing member to move a release member from a first position that

restricts flow of a suppressant to a second position that permits flow of a suppressant.

19.  The method of claim 18, wherein the biasing member comprises a coil spring.

20 20. The method of claim 18, including puncturing a membrane with the release
member to release the suppressant when the biasing member is moving from the first

position to the second position.

11



10 novenent of the rel ease nenber and prevent novenent of the rel ease
menber fromthe first position to a second position, and an unl ocked
position in which the plurality of ball bearings are noveabl e
radially relative to the firing pin to allow the rel ease nenber to
nove fromthe first position towards the second position; and a

sol enoi d, 2ahi chawhgstesahihRebriBesHly, enfpkikingg pin toward the _
unl ocked 15position. 22. The suppressant actuator assenbly of claim

21, further cogpHPBCHgnbsteeddn prwppiveplitddeto the firing pin, biased
Y2 SPLI 19 PG ASHIRS IR L SREEG R By SO PP
20posi §i om.suppressant from the supply container to a second position that permits flow of a
suppressant from the supply container;
a bias spring biasing the release member towards the second position;
a fining pin interacting with a plurality of ball bearings, the firing pin having a
locked position in which the plurality of ball bearings radially interfere with
10 movement of the release member and prevent movement of the release member from
the first position to a second position, and an unlocked position in which the plurality
of ball bearings are moveable radially relative to the firing pin to allow the release
member to move from the first position towards the second position; and

a solenoid, which when actuated moves the firing pin toward the unlocked

15  position.

22. The suppressant actuator assembly of claim 21, further comprising a bias pin
coupled to the firing pin, biased by a spring pushing between the release member and

the bias pin, to bias the bias pin and the firing pin toward the second, unlocked

20  position.

12



