 kl e3eM "6T@#1 SPECI FI CATI ON SAFETY VALVE 5 TECHNI CAL FlI ELD The present
invention relates to safety valves, and nore particularly to a safety val ve
to be attached to a container for relieving the container of a gas upon a
rise in tenperature so as to prevent the internal pressure of the container
from 10 building up to excess especially in the event of a fire. BACKGROUND
ART The fuel tank to be installed in notor vehicles wherein natural gas is
used as the engine fuel is provided with a safety 15 valve for preventing
bursting due to the buildup of thedrdmrmalTryaessure of the tank with a
rise in the tenperature of the tank. The publication of JP-A No.

2001- 317645 di scl oses a safety valve of the type nentioned which conprises
a mai n body, piston (novable body) housed in the nmain body, neltable alloy
filled 20 in a space i nside the naBAFB&YyVAEBENd the piston, and biasing
menber provi ded between the piston and the main body. The piston has a
passageway extending fromone end thereof to the other end thereof, and a

first pressure receiving face angE d ure receiving face at its
opp05|té ends. 25 Safety val ves éhéﬁ?ﬁ%&)giéﬁﬁioned are used not only for
natural gas tanks,but also for % ks, £ fualyecel bnMehid es,
so that it has 2% eé%?ﬁen ég% op su ?ves ﬁ%Ych ensur e i nproved
safety. particularly to a safety valve to be attached to a container

for relieving the container of a gas upon a rise in temperature

so as to prevent the internal pressure of the container from

10 building up to excess especially in the event of a fire.

BACKGROUND ART
The fuel tank to be installed in motor vehicles wherein
natural gas is used as the engine fuel is provided with a safety

15 valve for preventing bursting due to the buildup of the internal
pressure of the tank with a rise in the temperature of the tank.
The publication of JP-A No. 2001-317645 disclcoses a safety
valve of the type mentioned which comprises a main body, piston
(movable body) housed in the main body, meltable alloy filled

20 in a space inside the main body around the piston, and biasing
member provided between the piston and the main body. The
piston has a passageway extending from one end ther.eof to the
other end thereof, and a first pressure receiving face and a
second pressure receiving face at its opposite ends.

25 Safety valves of the type mentioned are used not only
for natural gas tanks but also for hydrogen gas tanks for fuel
cell vehicles, so that it has been desired to develop such
valves which ensure improved safety.

An object of the present invention is to provide a safety



An object of the present invention is to provide a safety 2 val ve of

i nproved safety to be attached to a container for the escape of gas from
the container in the event of arise in tenperature. 5 DI SCLOSURE OF THE

| NVENTI ON The present invention provides a safety valve to be attached to a
container for relieving the container of2 a gas in the event of arise in
tenperature, the safety valve conprising a hollow cylindrical nmain body
having an inward 10 fl ange at an upper end thereof, a hollow cylindrical
fixed body vhawiengraimpbbedi abi ey toobtion: prrovd ding @ovta@amander the

t herearound inside the main body, a |arge-dianeter portion integral wth a
| oner end afsddre snildasi et ethporonoaiany thoshagedenswek- and16fening of
the main body and an attaching 15 portion extending froma | ower end of the
| ar ge- di angtempgyertysh and attachable to the contai ner, a neltable body

di sposed between the snmall-di aneter portion of the fixed body and the main
body and havi ng an upper end face in bearing contact with a | ower face of

the inward flange of the %&&%RE’“&O fﬁﬁ’%@d\%m novabl y provi ded
t S [

bet ween~t he mai n body and -diranmeter portion of the fixed body and

havi ng an upper %ﬁ%%g$E§§@££nQHGQHEQSE %ﬁggi@egow@rsgﬂgtpfvgmeenabtQQIe

body, a biasing ne provi ded between"the main body and the

smal | - di ameger, Poud i Okddre fdeed Rody1asdiAgving anntppeer 25f endyasn
bearing contact with a | ower end of the novable body and a | ower end

bearing on @M dppeledaane of therdss gbnditampeestpoeti ovhef sehetli ¥ed sody, a
solid cylindrical novable plug having a stepped portion and novably
i nserted i nceterisied dodyllawdcpligdhsokailniarBale ol aydgedn i ¥a pl ug

from novi ng 3 upward in a usual state and allow ng an .u rd enent of
the pl d§ byf bamewatedd WiPahenfoviadrec bodyheblah wﬁ%&dfﬁdgﬁvfﬁbﬁggﬁ?g‘%saf ety
val ve being characterized jn_ that the fixed body has.a snall i

passageway @aVhiidi cat | 102 4k TR #AE BFF or PO ECR héy%%‘ﬁ%%%rﬁ%r %ndﬁ)e(lé?q‘laarngcee axi al

ot T ! i 3
Passagevay cRITUNCILLNIRULLD SR.URRSL BadOf o NG NBd: s Rassaganay

€ nova pl ug having a snall rod
portion fiti}pd.L thechppelofod ohatde Smldnd ali AAssaseyey: Din thel fi xed

body, an inter late rod portion integral wth the small 10 rod portion
and provi di gg,8i gheanangs tdid eyoung biFstde reairowerdyeaddpantaorediiide

| ar ge axi al passageway of the fixed body, and a | arge rod portion integral
with the i nperapdhatesticodipny t f oomand lslvedabinyd f pEt iting | harge T di arefkel at e
portion of the |large axial passageway of the fixed body, the large rod 15
portion of phetfouabing plupdiabieg ap dheakopiedags ex anellpple  body

disposed between the small-diameter portion of the fixed body
and the main body and having an upper end face in bearing contact
with a lower face of the inward flange of the main body, a
20 movable body movably provided between the main body and the
small-diameter portion of the fixed body and having an upper
end in bearing contact with a lower end of the meltable body,
a biasing member provided between the main body and the
small-diameter portion of the fixed body and having an upper
25 end in bearing contact with a lower end of the movable body
and a lower end bearing on an upper face of the large-diameter
portion of the fixed body, a solid cylindrical movable plug
havingaasteppedportionandnmvablyinsertedjjlthefixedbody,

and plug holding means for preventing the plug from moving



froman upper end thereof to a |ower end thereof, the internediate rod
portion of the novable plug being provided with a conmuni cati on passageway
havi ng openings in a peripheral surface thereof and communicating with a

| ower end 20 of the axial passage, whereby when the novabl e body noves to
t he upper position on nelting of the nelsable body, the gas is discharged
fromthe container by way of the fixed body small axial passageway, the

| ower end portion of the fixed body |arge axial passageway, the plug

comuni cat i\ Yy Passagenasnaneétizhe 3bdpd Lipwiid@lanpaprage. mWehet heoSahet y
val ve of the invention, the pressure of the gas in the container is

recei ved byplie bypwabbeepkeng whi theisopalove deetly gl de& el 26¢ 5@y
secured to the main body and which is prevented from noving upward by the
pl ug hol di ngtirassfetyqvslnedaing mhrafcd BFoded $0f Eeat ofhe ne ¥5f m&

pressure of the container, the force acting on the neltaQLsﬁgggy IS %inited
only to thedas astang floped adf RAFE WG G CATHR% Y il fd s Thé

erroneous operation of the valve at 5.t erat ures, | ] cified
Cevel - the Bigonordring Aars ik b ambPaRt e da Ty A S R
periphery of, ¢ fig IPVaRLE J Uthe AshDIPUARRA! & JUIRAAN 4HE SEBLhudiAet er
portion of The'Frxed ody 'so aS to assune the san¥ position as the cavity,

a bal | pos;@fé@bé b atdy 10nkheorayid yrardnahens i engh 1hobe partd an bal |

recess for in a lower end portion of the novable body for the ball to
nove in, theibalhgriecess bebrg paai¢f anablsmaad eppesedassagbeayhedudte hol e
when t he novabl e %ody is brought to the upper position on nelting of the
nel t abl e boflyxed hokdy,tdve inseaimestiatte rod@amhva enpeagal &vigretBAtER By t he
ball from nmoving upward, while in the operative state, the bal| npyes

radi al Y outedrpbytobnt Ardpbugyigdingwin§less aprey e HRE Ut 1 e i t e

this sinple construction, the plug can be preyented from noyi upwa in
t he usual sl@ﬂ%rb%@diEP%H4%%éHP26m%&aﬁﬁﬁeagb rR2PRPPEBFY ?% ?%% %ﬁg%gtive

state. Pref gé 5', ya’mé hae l%a}:véé X:oidnp%@%ig?lvilm:ggggfgwiéhtﬁpgrﬁgcermediate
rod portion and slidably fitting in an intermediate portion
of the large axial passageway of the fixed body, the large rod
15 portion of the movable plug having an axial passage extending
from an upper end thereof to a lower end thereof, the
intermediate rod portion of the movable plug being provided
with a communication passageway having openings in a
peripheral surface thereof and communicating with a lower end
20 of the axial passage, whereby when the movable body moves to
the upper position on melting of the meltable body, the gas
is discharged from the container by way of the fixed body small
axial passageway, the lower end portion of the fixed body large
axial passageway, the plug communication passageway and the

25 plug axial passage.
With the safety valve of the invention, the pressure of
the gas in the container is received by the movable plug which
is prov-ided. inside the fixed body secured to the main body and

which is prevented frommoving upward by the plug holding means.



radially inwardly of the plug to flare radially outwardly thereof.
Is then reliably novable radially outwardly of 25 the plug,
plug to nove upward reliably with the novenent of the novabl e body. The

safety valve can therefore be operated reliably under the specified

condi ti on.

showi ng an enbodi nent of safety valve in the usua
FIG 2 is a sectional

BRI EF DESCRI PTION OF THE DRAWNGS 5 FIG 1 is a sectional

The bal |
enabling the

Vi ew

state (closed state).
vi ew showi ng the enbodi nent of safety valve of the

i nvention i aRe GRRY abkie 18t BbEy (DPeR e skal) -inB%@BaMDFFe@Eu%RBEIw@ ouT

THE |1 NVENTI ON An enbodi ment of the present invention w

be descri bed

bel ow Wi t h ¢&ffies nee, t Bhé heo tlt@wh @igbng | dn tdtes frod 1wk Ing i weiscriiptiwey t he
terms "upper,” “lower," “left" and "right" refer respectively to the upper
and | ower sonky amd teét elamsdic ghtrbandfsi tdes ofasiecdraeinhgs. FITS.s 1 and

2 show an enbodi ment, i.e.

5

10

15

20

25

odl , a safety val ve, ‘
eliminates the erronecus operation of the valve at

temperatures lower than the specified level.

The plug holding means may comprises a cavity formed in
an outer periphery of the movable plug, a through hole formed
in the small-diameter portion of the fixed body so as to assume
the same position as the cavity, a ball positionable in both
the cavity and the through hole, and a ball recess formed in
a lower end portion of the movable body for the ball to move
in, the ball recess being positionable as opposed to the through
hole when the movable body is brought to the upper position
on melting of the meltable body.

In the usual state, the movable plug is prevented by the
ball frommoving upward, while in the operative state, the ball
moves radially outwardly of the plug, allowing the plug to move
upward. Despite this simple construction, the plug can be
prevented from moving upward in the usual state but is allowed
tc move upward reliably in the operative state.

Preferably, the cavity in the movable plug is tapered
radially inwardly of the plug to flare radially outwardly
thereof.

The ball is then reliably movable radially outwardly of
the plug, enabling the plug to move upward reliably with the
movement of the movable body. The safety valve can therefore

be operated reliably under the specified condition.

RRIEF DESCRIPTION OF THE DRAWINGS



of the invention. FIG 1 shows the safety valve in the usual 15 state
wherein the anbient tenperature is up to a predeterm ned val ue, and the

val ve channel is closed. FIG 2 shows the safety valve in an operative
state wherein the anbient tenperature is over the predeterm ned val ue, and
t he val ve channel is open. Wth referenge to FIG 1, the safety valve 1 in
the usual 20 state conprises a main body 2 in the formof a hollow cylinder
and having a peripheral wall 12, a top wall 13 and an inward flange 12a at
t he upper end of sfte perd pheicaliomll vidw showdigosn eylbiotdmere] of ised@tlyody 3
having a smal |l -di anmeter portion 4 providing a clearance therearound inside
the mai n bogdyl¥: in 25h¢ argeadi sneter (pbesednsBatategral with the | ower end
of the small-dianeter portion 4 and closing an openin% at the | ower %pd of
the main body 2, Blft &h b3 tackenyiporli BheE ERPEABENGIEr SAMAE M erPlend of

the |l arge-dianeter portion 5 and attachable to a contglner | hpllgw
cyl i ndri calsagtabyelvescd| f&¢ ABISHI¥ bddy3d" 7°BFSposed ngﬁébncﬁﬁaupper
end portion of the small-diameter portion 4 of the fixed body 3 and an
upper end pdriFoh' of the main body 2 and having an upper end face in
bearing contact with the |lower face of the inward flange 5 12a of the main
body 2; a hollow cylindrical novable body 8 novably provi ded between an

intermedi ate portion st heygmide hotyr 2rncoen THE eTeBRaLenpor tion of the
smal | -di anmeter portion 4 of the fixed body 3 and having an upper end in

beari ng contact wist kridhelim@ser oernthobrebentel tadh el ah lwiyt I7beaddgcribed
cylindrical coil spring (biasing nmenber) 9 provided between the | ower end
of the smalbetbanmstieh posféoendeoftct hehd i dedwbody -3 abl &hgorfebHOWwing he

mai n body 2 closer to the lower end thereof and having an,upper, end in
bearingibondaechPthonhethﬁmb¢r@ﬁd“@@P@ﬁe"n%%%%?%rbodﬁe tanggg I%hghtend

body 3¢ & S5FFa YA TRRIT EUF LHGVALITE HOERT IO AaVITF B Kb A8a poTEr o hna.
novably inserted [n the. fixed_b ;.an | ug hol di ng neans 11 for
preventing Fhahﬁrhan?08%98ﬁ1ﬁév3ﬂé gﬁ WF%g%ﬁ the usual state and allow ng
an upward movenent,of the ol ug Q0¥ a0 MIYGIEN . L hesapLaRl abedy 8 to

an upper position.
of the invention. FIG. 1 shows the safety valve in the usual

15 state wherein the ambient temperature is up to a predetermined
value, and the valve channel is closed. FIG. Z shows the safety
valve in an operative state wherein the ambient temperature
is over the predetermined value, and the valve channel 1s open.

With reference to FIG. 1, the safety valve 1 in the usual

20 state comprises a main body 2 in the form of a hellow cylinder
and having a peripheral wall 12, a top wall 13 and an inward
flange 12a at the upper end of the peripheral wall 12; a hollow
cylindrical fixed body 3 having a small-diameter portion 4
providing a clearance therearound inside the main body 2, a

25 large-diameter portion 5 integral with the lower end of the
small-diameter portion 4 and closing an opening at the lower
end of the main body 2, and an attaching portion 6 extending
from the lower end of the large-diameter portion 5 and

attachable to a container T; a hollow cylindrical meltable




The top wall 13 of the main body 2 is provided with an internally threaded
portion 13a extendi ng dowmmward fromthe upper face thereof and a gas vent
13b extending fromthe threaded portion 13a and having an opening in the

| ower face 25 of the top wall 13. The internally threaded portion 13a and
the gas vent 13b provide a through bored&or the escape of a gas fromi nside
the main body 2 to the outside. The |arge-dianeter portion 5 of the fixed
body 3 is externally threaded as at 5a, and the externally threaded
portion 5adlsiscnreedabnto Badyntediabbyetiiveadesn por tbperferdpdrtionhe

| ower end portion of the main body 2, whereby the fixed body 3 is secured
to the mai mwibody Salloldem izt portherf ¢ xddt hedii @ dgded PRt HAPPET
threaded, with an externally 5 threaded portijon provided on the i n body
2. Al ternatingelBprtifen fqikddihdRin Raty t*@%ihﬁ%@y 3P P e 561 HEEE

toget her by a _nmethod other than screwthread enga nt. .The .s |- dj_anmet er
portion 4 o FEFINEFBIRFS had %p}ﬁﬁ?ererﬁc%h%%g%ﬁen b lapgs

corﬁac with the

I f |1 13 of the 1 ' . el i
L over 0 51350 o i3, tod o 40 T BB T g ey o

S a itione etween the | ower end

of the mai t.h Li-pk : ceRtakparof . cHdena
%leéﬁ{lgzlsﬁe e LnPRREX rAEgt ReeCPB o ain

attaching portio In conformty with the shape of the safety

val ve mountppoftbornef 4heigeatabAghtd. pAGGAIH ngt 1Bhto s Iprdisendter
enbodi nent, the attaching portion 6 has an externally threaded portion 6a

to be screvgsht b0 4a8f itHe faakbybody Saded hporirioanfuprped end an lopening of
the container T. The fixed body 3 has an inner periphery of small _dianeter
at a | ower pontion thdteotheowarwen hendargle- dhanet t?}‘éi/‘?i 1Y 67and t he
attaching portion 6, and an inner periphery of |arge dianeter at the other
por t i 0ROt owy Bl el gahl FOHE aFRRE BRY pbP 14 DHNG. NHPRET 5t ¢ &Wfﬁ%ﬁ?&t"{%% he

| o ge- of aekes 0T BROS SAPEnBAT L~ S2F beb KO Y dper Enh ot Re sl (o
the 25 | d of the at hi ng. ' ' j j
noror o > PR S RERIRE Cr o aeR PRryel st R e SR ee B i g

with the uppeg ﬁk&bﬁ a;r{ll%g?@ LnaxiglpPassageuat 4 andrhankengorbr upper - end

openi ng. The ne 7, which is known, is adapted to nelt 8 when

given a pregdetafdipedhenpeaatsied ANeower iepliepahriallod 2 hef upperntace body
2 is provided at its upper end with channels 16 for discharging the alloy 7

as nel tied t o<t ige 014 Sisted 1 hes et hrpoghion SThe mhealflieebotpdy Ps di spbseéd
bet ween the main body 2 and the fixed body 3 so as to be slidable with its
i nner peri pbhegtyninicet actvakilteh phegsill [hadiidtet@r SpePPEEN RPIGFLAhe#d xed
body 3 and with its outer periphery in contact with the ignﬁr,gerighery of
the main bodgvablyhénasyhbheiboele & ixed PPhbdiidedd RIEACNPARLRIPRT F Pher y
of its |ower_end portion with a Ieift (ilrad a right. ball recess %K f8£ <Hvo
bal I's to mové For REpEctivieyphe plug 10 from moving upwartd 1 the sy

state and allowing an upward movement of the plug 10 by a
20 movement of the movable body 8 to an upper position.

The top wall 13 of the main body 2 is provided with an
internally threaded portion 13a extending downward from the
upper face thereof and a gas vent 13D extending from the
threaded portion 13a and having an opening in the lower face

25 of the top wall 13. The internally threaded portion 13a and
the gas vent 13b provide a through bore for the escape of a
gas from inside the main body 2 to the outside.

The large-diameter portion 5 of the fixed body 3 is

externally threaded as at 5a, and the externally threaded




The coil spring 9, acting to bias the novabl e body 8 upward, discharges the
neltable alloy 7 through the alloy 15 di scharge channels 16 in the main
body 2 and noves the novabl e body 8 upward when the alloy 7 is nelted. In
view of the flow characteristics of the alloy 7 at the tenperature setting
for operating the safety valve 1, the sfiring 9 is adjusted to a small val ue
of elastic force for noving the novabl e body upward. 20 The novabl e plug 10
has a small rod portion 18 fitting in the upper end of the small axial
passageway pb4tdfort Hea fixedchbedgd3ingr iam dmiertinglel ¥ e HRREEBNPLY L Aflegr al
with the small rod portion 19 and providing a %éearanc the&ear und. i nsi de
a | ower endopmed dm dhe Aevear gadapalt 19as §4gENEy M85 NoPONe 225 “PEXEE Yhody
3, and a large rod portiaon 20 integral with_the.intermedi tion 19
and sl i dabte ELERAGPPHY lisn?%FH‘E%ijgf[% 56 Bl %‘?‘Efﬁe‘ | g?%gd%%?&l 1y
passageway ,15 of t fixed bo rik thea 1myvabl e
plug 10 hag%ﬁhglx gg%wgf%ﬁggégéb§53g£§?gﬁggﬁﬁkgg%ﬁgaﬁhggﬁﬁ?egﬁgrﬁheggof to
a | ower s end I Nef R0l oofhe orthebyEdLalen ek ROLAINEHYLY Of ALhe rmavabiea ypl ug 10
is provided wth a Feft or a right conmuni cati on passageway 22 havi ng

openi ngs i e FEMHdahaAly SUrHmE e Hehardef docand cambei gatineg wicde tiied | ower
end of the axial passage 21. Accordingly, the comrunication passageways 22
are open t my he cheahaaceoithsirdethhs | saeewehdrpadt | eRodFeRABL] ar g & i al
passageway 15 of the fixed body 3 around the internediate rod ortio% 19.
10 Provi dedsnet ediandiee omrert i JoP Lt Bee | hird RfYpor PREA2G RS

novabl e plug 10 and the | ower face of the top wall .13 of t i 21is
a predet gr nﬁgrhétﬁa‘sﬁ)id'éﬁé G 5 i ﬁ&eaﬁro‘dﬁ\ﬁagacﬁoegng?ﬁ %?ffh{e@lcgfr lé_’g@r/od

ti 20. Thi i t t.h h ; i i th.
05" AccaPdi A5 Rl 4 he THovast dprag EorsCPor6eh Honara i ih Che mrer nal
gas pressure, of, the Gankal pgd od e Aligh M dyediakbed1alea paai 6 amerher o

t he upper end ereof”’ cones into contact with the | ower face of top wall 13

of the mai nybpdhday Al ddd SHd BRtrh@esiphlergxb@l thassageaayetdTof The
fixed 20 body 3 conmunicates with the communi cati on passageways 22 of the

novabl e pl ugt 49chbrguehrt hen |Ower seagepoit icum fafrititey Wdrtdetazi ahapasshgeway
15 in the fixed body 3. Two Orings 23 are provided around the smal] rod
portion 18 olietdmef ot wyal¥e mopett poet yontofifper cangarorer Tt whF o 1 4hs,
while an Oring 25 24 is provided al so around the |large rod _partion 20 of
the pl dd 10t@tthep@§aﬁaﬂ¢aﬂﬂﬁRﬁ%mﬁﬁﬁxnﬁﬁﬁn%Ef?%ﬁlﬁﬁsgﬁé@%&?s%giFﬂ%HglpIug

oLl 00 Teans AL COTBA S5 e 201,200 S LA SRULLY RRL QLT L e oute
upper end, 'tcl\rll\getaggaguggrtion formed in an opening of the container T.
The fixed body 3 has an inner periphery of small diameter
at a lower portion therecof toward the large-diameter portion
20 6 and the attaching portion 6, and an inner periphery of large
diameter at the other portion toward the small-diameter
portion 4, This structure forms in the fixed body a small axial
passageway 14 extending from a part of the large-diameter
portion 5 which part is close to the upper end thereof to the
25 lower end of the attaching portion 6 and communicating with
the interior of the container T, and a large axial passageway
15 communicating with the upper end of the small axial
passageway 14 and having an upper-end opening.

The meltable alloy 7, which is known, is adapted to melt



10 holes 26 fornmed in the small-dianeter portion 4 of the fixed body 3 and
each adapted to assune the sane position as the corresponding cavity 25,
two balls 27 each positionable in both the cavity 25 and the through hol e
26, and the 5 aforementioned ball recesses 17 fornmed in the | ower end
portion of the novable body 8 for the r@spective balls 27 to nove in. The
cavity 25 in the novable plug 10 and the through hole 26 in the fixed body
3 are tapered radially inwardly of the 10 plug 10 and the fixed body 3,
respecti velhen gevenf hapeddeadial hydouemee dhyutder dife pRvddbadalr edds 17
is so forned as to be positioned as opposed to the correspondi ng through
hol e 26 wher? bhiechmwabinebbddy? 8simr bricirmhett bt $ HepgFperdpbkih FERNGR Fel ti ng
of the neltable alloy 7. The ball recess 15 17 has_an o enLn di anet er
appr oxi mat dfy Egtiadisehere ingxi thn ailaf¥t er F Fﬁitﬁardﬁbh ﬂ%l@ 6 %nd a
bottom di anmeter slightly smaller than the opening dianeter. Al though the
cavity 25 ohe lﬁﬁgﬁ%ﬁe plug 10 is preferably so tapered as to flare
radi al |y outwardly of I e:Lh I | %605 pody 3
may be %ylindric§¥¥3?ﬁ%ﬂﬁgg%g%ﬁ¥;gfl%hQQEgPFQ§7@%?€%&§égggé%éto fﬁg{radial
direction of,d he,ol #9218 iBdvess rabned by the dotdamd asecnf ithe iemerty 25
of the plug 10 and the inner "peripheral surface of the novabl e body 8.
Accor di ngl ype Miterie A iupwand aber et Actise 2maiil diameneabbe rpliog 100f drhe
obliquely upward force is exerted on the ball 27 by the |ower face defining
the cavity 2fxed ddiy pl agaleithand ¢ ketgpeeriaberdet nneogtanl Whe UG hol e
25 of the fixed body 3 exerts an obliquely downward force_on the hall 27
agai nst t hinror ceer hehesyt ié the FoiBedoRWe 2i-n BhPaRC¥aP1e PA%Y theusua
state, the ball 27, therefore, the npovabl e pl, 0, is thus prevented from
movi ng 18pweR BPV eV it (&St "PRE %%FIPP%E§§§Pf#% iﬁgeﬁneggl%p% h%gl qﬁ%
all owed to nove_upwar,d_by.an, u d f 1 I hadye. 8
St at ed nnréasﬁ%E?f?%ﬁl?y¥l Enggﬁg ﬁ%&%ggg&Eo§$r8Q%E€2%ﬂggﬁsﬁg upﬁ%%ﬂ
position, e ess 17 is positioned as opposed to the outer-end
openi ng of ?%%pgﬁé%ﬁéﬁghole 26 of the fixed body 3, and the ball 27, which
has been restrai ngge f £9M MY DEgTr 8¢i akkyngutward sy tihee riowneslpdsoghed y of
the 10 novabl e body 8, is rendered novable radially outward. Because
upward, discharges the meltable alloy 7 through the alloy

15 discharge channels 16 in the main body 2 and moves the movable
body 8 upward when the alloy 7 is melted. In view of the flow
characteristics of the alloy 7 at the temperature setting for
operating the safety valve 1, the spring 9 is adjusted to a
small value of elastic force for moving the movable body upward.

20 The movable plug 10 has a small rod portion 18 fitting
in the upper end of the small axial passageway 14 of the fixed
body 3, an intermediate rod portion 19 integral with the small
rod portion 14 and providing a clearance therearound inside
a lower end portion of the large axial passageway 15 of the

25 fixed body 3, and a large rod portion 20 integral with the
intermediate rod portion 19 and slidably fitting in an
intermediate portion of the large axial passageway 15 of the
fixed body 3.

The large rod portion 20 of the movable plug 10 has an



the cavity 25 of the novable plug 10 is tapered and further because the
ball 27 is subjected to a radially outward conponent of force, the ball 27
~readily noves toward this direction. Consequently, the ball 27 noves out of
the cavity 25 of the 15 plug 10 and is received in both the through hole 26
and the ball recess 17, freeing the plug 10 fromthe restraint on the
upward novenent. The plug 10 will nove upward in this state if the interna
gas pressure of the container is in excess of the frictional force of the
plug 10. Thisial basgpwar 2l 2& toverenf rohn dhepperabhe hedeE ke amredirat el y
foll owed by the upward novenent of the plug 10. Wen the anbi ent

t enper at ur eersf theeresHf.et Fhealineetmedipneexedspont ian pk2dul &by mew akdlcue,
the neltable alloy 7 nelts, bringing the safety valve 1 into an operative
state. Wt Pk 28 daf anpwigss With fhilefdp&tatd vEighht EOMHE KA has
di sappeared as discharged through the alloy discharge,channels 16 as .shown
R o D NP TSHRT A BRESed TReThETEcH SoRPE Pt e R S R, 6 | o
br ought to pQsi it | kN i d | body 8
isin bgar ignlgbeé%%?ng{c lgév)ﬁscltlhdgo%ffht ﬁ}é}’el (f)ﬁweép%arléhg%g[ t?%ea%{%yg}ga%%@lﬁon t he
movabl e bo%c&f@i’ﬂl@ﬂ){,tQ:Heh%oﬂﬁl&%ricﬁ(ﬂi'oh' BBsshhewap¥ab) @l BgehOtowhich is
no | onger restrained Trom noving upward as descri bed above, also noves to
an upper posidatancaheneifet haeuppsiererchdfpdtiel gh ugfi shien 13 re@ntacitalni t h
the lower face of the tap wall 13 of the main body 2. The small rod portion
18 of the pragpd@ewtvsihgft hbeshbkeéddxddy Ppassagdwalye 1internemsagaaind y
pushed into the_Iar?e axi al passageway 15, whereby a vent channel is forned
in the saf #9rvkPveld-for the escape of the gas frominside the container

10 T. Stated nore specifically, when the npvable dy. 8 noves  to the upper
positi @f upon the Y%@%%ﬁt“{er?éq §$‘I6099??rt%‘5)g%fs%ghe%/ﬁ?ﬁthjéogé?ﬁ%Jhoé} Io'ICI)' is
di schar ged om t.he through bores . 13a, .1 f i he-t of the
mai n bogy g@yor%va%/ e_ofmcfvhae 5 edlgo&gg) gﬁlﬁil ﬁggx?éﬁgagggée%ygﬁ%%%m@lenq
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passageways 22 an ug axi al passage 21. Each of the pairs of left and

right holl oy %&é@@sm@ﬁeﬁéﬂ@roﬁoﬂ]?@ngéﬂiﬁe 16od Igor220n250 . 260h 29 $eesk not
al ways be two in nunber as provided at the left and right; such portions

may 20 be piovidieshtadso tmrt hecheni Ismastir ated f pontisndel@ndimeakersitde. of

t he drawi ngs. Such portions of each kind may be arranged at three | ocations
as equildi stantbydspatyd whengthhenevaklefpient1@llidi Feresdnirwsr ¢ NDUSTRI AL
APPLI CABI LI TY The safety valve of the invention is used on fuel t%gks to be
i nstal | ed i RhAotorevenl Jos RERTEIFE Fhitheampitéingdt drafhe plug 10 1s

halted at a position where the upper end thereof comes into

contact with the lower face of top wall 13 of the main body

2. At this time, the small axial passageway 14 of the fixed

20 body 3 communicates with the communication passageways 22 of

the movable plug 10 through the lower end portion of the large

axial passageway 15 in the fixed body 3. Two O-rings 23 are

provided around the small rod portion 18 of the plug 10

respectively at upper and lower twe locations, while an O-ring

25 24 is provided also around the large rod portion 20 of the plug
10 at a position above the communication passageways 22.

The plug holding means 11 comprises a left and a right

cavity 25 formed in the outer periphery of the movable plug

10 at a portion thereof close to the plug upper end, two through




gas or hydrogen gas serves as the engine fuel, for relieving the tank of
the gas in the event of arise in the tenperature 13 of the tank, thus
contributing to inproved safety. 14 CLAIMS 1. A safety valve to be
attached to a container for relieving the container of a gas in the event
of arise in tenperature, the safety valwe conprising a hollow cylindrica
5 main body having an inward flange at an upper end thereof, a hollow
cylindrical fixed body having a small-di aneter portion providing a

cl earance therearxumdrimsl de the smablbddymeackapget doanktef thor thiiored
integral with a |lower end of the small-dianeter portion and closing a

| ower - end dpeiy ny aidtéeciOadapheboty anduma ahtashinggPpeition && aid ng
froma |l ower end of the |arge-dianeter portion and attachable to the

cont ai ner, PTG IRAADLBBDIGA G Eposed B vikehl § he /s RN BCIEtE 4701 i%8h of
the fixed hod t h inb i d i n. beari

contact wi GIPS | Gt Fa0edr Che Siardd | ShGeEr oPoffe Rern ModyTE
movabl e body- Ipyally, proyi ded, hetheenddie 1Rl aobady and {he skl dipmret er
porti on~of & Tixed Do y an avi ng an upper end in bearing contact with a

lower end af, theiel £ able rdh1 A HRIRS BNEcFERRET r s s dede hei Weem 1 ke mai n

body and the small-dianeter portion of the fixed body and having 20 an
upper end igbPeatmng contact with a | ower end of the novable body and a

| ower end bearing on an upper face of the | arge-di aneter portion of the
fixed body, a sorhe aasitmdriscah tow ablveldleuglhgvl hgnal shepprdopshthale and
novably inserted in the fixed body, and plug holding means for preventing
the plug 2526 riom i hirepvieedy | h aresirre sedtieadidl &Y | 8w aie an

10 plug 10 and the fixed body 3, respectively, i.e., flared
radially outwardly thereof. The ball recess 17 is so formed
as to be positioned as opposed to the corresponding through
hole 26 when the movable body 8 is brought to the upper
position on melting of the meltable alloy 7. The ball recess

15 17 has an opening diameter approximately equal to the maximum
diameter of the through hole 26, and a bottom diameter slightly
smaller than the opening diameter. Although the cavity 25 of
the movable plug 10 is preferably so tapered as to flare
radially outwardly of the plug, the through hole 26 of the fixed

20 body 3 may be cylindrical.

The movement of the ball 27 with respect to the radial
direction of the plug 10 is restrained by the bottom face of
the cavity 25 of the plug 10 and the inner peripheral surface
of the movable body 8. Accordingly, when an upward force acts

25 on the movable plug 10, an obliquely upward force is exerted
on the ball 27 by the lower face defining the cavity 25 of the
plug 10, and the upper face defining the through hole 25 of
the fixed body 3 exerts an obliquely downward force on the ball

27 against this force, hence the two forces are in balance.




o

novenent of the plug by a novenment of the novable body to an upper

position, the safety valve being characterized in that the fixed body has a
smal | axi al passageway conmunicating with interior of 15 the contai ner
and a |l arge axial passageway communi cating with an upper end of the snal
axi al passageway and havi ng an upper-entlopeni ng, the novabl e plug having a
small rod portion fitting in the upper end of the small axial passageway of
the 5 fixed body, an internediate rod portion integral with the small rod
portion andrprdne dismgla stléarahbe bhkt edf ot Tasd e, EHoWavadneE Fod on of
the | arge axial passageway of the fixed body, and a large rod portion
integral wiith tie ihterpeeyeteed ofirPorrPBohi@ndP¥RFdably fitting in an

i nternedi ate portion 10 of the |arge axial sageway of. the fix hady,
the large rod porty on*dHs RE F]B@g%fl‘g]el ﬁﬂfgesréaﬁngggﬁ é?VﬁPEBa%LIéﬁgﬂ)eitsendi ng
froman u r. end. thereof t i I i
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having epenifgs ¢ N adonerhpher hesirfaseiyhepreh and aerawiecaddig oM th a
| ower end of&?ﬁie axi at[ passage, %%r eby whe% t he novabl e body noves to the

upper posi th®re Hr JTEhE Bigp&f doie tieint,abkehbedyl rdireesgas 7i 5s dicscihairagged f r om
the container by way of the fixed body small axial passageway, the |ower
end portiomnofordesdd xedthedyut argendoren ahy pis Sagebhy outhehplag2é of
comuni cati on passageway and the plug axial passage. 2. A safety valve
accor di'ng tehe|Hi¥e Wféfé:naﬁlﬁet euBahdl 47 ngvreah 1ad RAT S &S S @MY _
(orred 1n anouter periphary, of e, Ioueblecpiug, L lLough g o farged 11
Poott 198, 25yd DRERNY, o DRLLOBEBLALINAI S Lachant g ppaity o 1
L o a2 L LB b 2 g e oo i onat o
upper posi t}002 98 MldbAYL 27 is subjected toa radially outward component
of force, the ball 27 readily moves toward this direction.
Consequently, the ball 27 moves out of the cavity 25 of the
15 plug 10 and is received in both the through hole 26 and the
ball recess 17, freeing the plug 10 from the restraint on the
upward movement. The plug 10 will move upward in this state
if the internal gas pressure of the container is in excess
of the frictional force of the plug 10. Thus, the upward
20 movement of the movable body 8 is immediately followed by the
upward movement of the plug 10,
When the ambient temperature of the safety valve 1 is
in excess of a predetermined value, the meltable alloy 7 melts,
bringing the safety valve 1 into an operative state. With the
25 safety valve 1 in this operative state, the alloy 7 has
disappeared as discharged through the alloy discharge channels
16 as shown in FIG. 2, and by being biased by the coil spring
9, the movable body 8 is brought to the upper position, in which

the upper end of the movable body 8 is in bearing contact with




the neltable body. 3. A safety valve according to claim2 wherein the
cavity in the novable plug is tapered radially inwardly of the plug 5 to
flare radially outwardly thereof.
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10}} valve 1 for the escape of the gas from inside the container
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110% & () - S#:&%%e&lu )p-elz‘:f E%gi@c%ﬁ)ﬁﬁ@ﬁ%% I]ﬁ%}l}ting of the alloy 7, the gas
within the container T is discharged from the through bores
13a, 13b formed in the top wall 13 of the main body 2 by way
of the fixed boy small axial passageway 14, lower end portion
15 of the fixed body large axial passageway 15, plug communication
passageways 22 and plug axial passage 21.

Each of the pairs of left and right hollow portions or
other components 16, 17, 22, 25, 26, 27 need not always be two
in number as provided at the left and right; such portions may

20 be provided alsoc on the unillustrated front side and rear side
of the drawings. Such portions of each kind may be arranged

at three 1locations as equidistantly spaced along the

circumferential direction.

25 INDUSTRIAL APPLICABILITY
The safety valve of the invention is used on fuel tanks
tobe installed in motor vehicles wherein, for example, natural
gas or hydrogen gas serves as the engine fuel, for relieving

the tank of the gas in the event of a rise in the temperature
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5 main body having an inward flange at an upper end thereof, a
hollow cylindrical fixed body having a small-diameter portion
providing a clearance therearound inside the main body, a
large-diameter portion integral with a lower end of the
small-diameter portion and closing a lower-end opening of the
10 main body and an attaching portion extending from a lower end
of the large-diameter portion and attachable to the container,
a meltable body disposed between the small-diameter portion
of the fixed body and the main body and having an upper end
face in bearing contact with a lower face of the inward flange
15 of the main body, a movable body movably provided between the
nain body and the small-diameter portion of the fixed body and
having an upper end in bearing contact with a lower end of the
meltable body, a biasing member provided bet{veen the main body
and the small-diameter portion of the fixed body and having
20 an upper end in bearing contact with a lower end of the movable
body and a lower end bearing on an upper face of the
large-diameter portion of the fixed body, a sclid cylindrical
movable plug having a stepped portion and movably inserted in
the fixed body, and plug holding means for preventing the plug
25 from moving upward in a usual state and allowing an upward
movement of the plug by a movement of the movable body to an
upper position,
the safety valve being characterized in that the fixed body

has a small axial passageway communicating with interior of
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upper-end opening, the movable plug having a small rod portion
fitting in the upper end of the small axial passageway of the
5 fixed body, an intermediate rod portion integral with the small
rod portion and providing a clearance therearound inside a
lower end portion of the large axial passageway of the fixed
body, and a large rod portion integral with the intermediate
rod portion and slidably fitting in an intermediate portion
10 of the large axial passageway of the fixed body, the large rod
portion of the movable plug having an axial passage extending
from an upper end thereof to a lower end thereof, the
intermediate rod portion of the movable plug being provided
with a communication passageway having openings in a
15 peripheral surface thereof and communicating with a lower end
of the axial passage, whereby when the movable body moves to
the upper position on melting of the meltable body, the gas
is discharged from the container by way of the fixed body small
axial passageway, the lower end portion of the fixed body large
20 axial passageway, the plug communication passageway and the
plug axial passage.
2. A safety valve according to claim 1 wherein the plug
holding means comprises a cavity formed in an outer periphery
of the movable plug, a through hole formed in the small-diameter
25 portion of the fixed body so as to assume the same position
as the cavity, a ball positicnable in both the cavity and the
through hole, and a ball recess formed in a lower end portion

of the movable body for the ball to move in, the ball recess

being positionable as opposed to the through hole when the
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