-1- A nethod for checking the | eakproofness of safety valves The invention
relates to a nethod for checking the | eakproof ness of controll able val ves
inagas line. In particular, the invention relates'to a nmethod for
ascertaining | eakages in gas valves, which are disposed along a gas |line as
redundant safety val ves. Various safety regul ations and standards stipul ate
t he design and configuration of safety devices on gas lines, such as are
used for exampglled Hamdusiagkialg tther neprkgoessineg splahtssf for veargs e,
mention may be nade here of the safety requirenents on furnaces and fuel
handl i ng systens of gas-heated industrial thernoprocessing plants according
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aut omat i 8 ABHi FoPPRg VSt 8 bFB e SBEtEH¥n" W YR°shut -of f val ves, in
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exceeds : rati ing ordi ng, t riar. agt, variqus pr oaches
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said pressure swt.c aving.a triggering point in the pressure r e - 2 -
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(re)start. There are however permissible exceptions. Thus,

pre—aeration 1is not required for restarting after normal
shut-downs, if the burner is equipped with two
simultaneously closing valves and a leakproofness checking
device (valve monitoring system). The checking of the
leakproofness operates as an automatic monitoring system of
a line section with shut-off wvalves, in order to emit a
signal for a check when the leakage of one of the wvalves

exceeds the operating limit.

According to the prior art, various approaches to testing
leakproofness are known. The valves of corresponding
systems are disposed along a gas line, at two different
positions, upstream and downstream of a test volume. Both
valves are controllable in order to enable Dblocking or

unblocking of the gas passage.

The applicant has long been using various methods to ensure
the checking of leakproofness. A pressure switch 1s usually
installed in the gas line between the valves, said pressure

switch having a triggering point in the pressure range



Mor eover, methods are known wherein two pressure switches are installed in
the gas |ine between the valves, which pressure swtches can al so have
different triggering pressures. The prior art accordingly offers nethods
for testing the | eakproofness at two eontrollable val ves, wherein the

val ves are di sposed at opposite ends of a test vol une. Cn the inlet side,
i.e. upstreamof the test volune, in front of valve VI, an inlet pressure
Pe is prbeéw&encmhehendetle&eaaﬁ1e|pn£sehnMuﬁ$E%ﬂnmﬁamﬁethespuv¢bune
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i .e. pe>phcahditie %?tesls%rexphatlh@dt eat Wattm,r |<%,etefqtﬂa|by oTPpZSTrTRESSI ze
rati o PecpzrAdaqapphhgs. A control device is coupled with the valves for
triggering the opening and closing, the control device being coupled with
at least two pressure switches which are both in an operative connection
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t he burnsgfe Q§EQ§7771A proposes to nonitor a |line between two valves with
pressure swtches in order to detect |eakages in the valves. The fluid,
which is enclosed in the |line when the valves are bl ocked, leads to a
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in order to verify the proper blocking functions of the valves.
an outlet” pressure ps is present. In combustion plants, it

is the case that the inlet pressure 1is greater than the
outlet pressure, i.e. pe>pa and the pressure in the test

volume is equal to p;. The size ratio pe2 pz 2pa applies.

A control device is coupled with the wvalves for triggering
the opening and closing, the control device being coupled
with at least two pressure switches which are both in an
operative connection with the test volume for the pressure

monitoring.

In a method for checking the leakproofness of gas valves
according to publication DE19831067, at least a second gas
valve 1s checked in respect of leakproofness during the
start-up and at least a first gas valve is checked during

the shut-down of the burner.

US6057771A proposes to monitor a line between two valves
with pressure switches in order to detect leakages in the
valves. The fluid, which is enclosed in the line when the

valves are blocked, leads to a pressure increase 1in the



The problemof the invention is to provide an inproved nethod for checking

| eakpr oof ness, which continues to offer a high degree of reliability with a
shorter testing tinme. This problemis solved by a nethod with the features

of claim1. The method according to~tBe~invention, of the type nentioned at
the outset, pursues an optim sed approach to the checking of the

| eakpr oof Ln e fir I , e_fLt pr re-switch . to a
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val ue, i1,8,-4985 Ret Aeed,t9cRe an integer val ue. The second pressure
swtch is set t0o a second triggering threshold d2, wherein d2=pe (1-1/x).
The triggering thresholds are selected essentially symetrical around half

the inleh MesHE: QRenr educednbynamadrraudy, caspared, t adrad fsitdeinnl et

pressure, and one increased by the sane anpunt c red to half the inlet
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release the pressure in the test volume downstream. These
procedures are required in order to verify the proper

blocking functions of the valves.

The problem of the invention 1s to provide an improved
method for checking leakproofness, which continues to offer

a high degree of reliability with a shorter testing time.

This problem is solved by a method with the features of

claim 1.

The method according to the invention, of the type
mentioned at the outset, pursues an optimised approach to

the checking of the leakproofness.

In the first place, the first pressure switch 1is set to a
first triggering threshold di, wherein di=pe/x where x>2.
Parameter x indicates a fraction of the inlet pressure and
can have any arbitrarily value, i.e. does not need to be an

integer value.

The second pressure switch 1s set to a second triggering
threshold dq, wherein  dz2=pe (1-1/x) . The triggering
thresholds are selected essentially symmetrical around half
the inlet pressure, one reduced by an amount compared to
half the inlet pressure and one increased by the same

amount compared to half the inlet pressure. This



According to the invention, one of the follow ng two groups of steps is
alternatively executed, wherein the step sequences contain the sane steps,
but the latter are executed in a different order. In principle, the tw
step sequences are therefore equivalent, but an initial selection can,
depending on the selected step sequen%e produce an additional time-saving.
According to the first step sequence, valve VI is first triggered in order

to open é?x%né@ﬂ@élf%rrraan%%rrde‘?ﬁ 080%‘5”‘%&%—' Hahd then Jo chpsect ggain. A

measurenent period tea Is awaited and the second pressure swtch 1s then
checked. M3 Fhprpakbcabpy | 852C&RYI ndtinPEaFbLeSpr d8¥ura @répakds otehieed
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| atter foOF a péeriod of time closé’l neasur efen peri od
tn2 is agarfouwedted and then the first pressure switch is checked. |f
pz>dl applies, the process is aborted with the recognition of the |eakage
of valve Vi. In_this case, - pressure increase above an inadm ssible
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| f howeveke pr&d kp 2ppin€ss dheck eakpr oof ness check has been conpl et ed
successfully. According to the second step sequence, the process is

executed in a different order. In the first place, valve V2 is triggered in
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| eakage fqyenges Vicontain the same steps, but the latter are
executed in a different order. In principle, the two step
sequences are therefore equivalent, but an initial
selection can, depending on the selected step sequence,

produce an additional time-saving.

According to the first step sequence, valve VI is first
triggered in order to open the latter for a period of time
tz and then to close it again. A measurement period twm 1S
awaited and the second pressure switch is then checked. If
p-<d2 applies, an inadmissible pressure drop has occurred
between valves VI and V2 and the process is aborted with

the recognition of the leakage of valve V2.

If the outcome of the evaluation is that p:2d2, i.e. the
pressure 1in the test section has been held above the
triggering threshold of the second sensor, the proper
function of valve V2 is established. Triggering of wvalve V2
then takes place in order to open the latter for a period
of time tiz and then to close it. A measurement period tw
is again awaited and then the first pressure switch 1is
checked. If p,>di applies, the process is aborted with the

recognition of the leakage of wvalve V1. In this case, a



On the other hand, if pz<dl, valve V1 is triggered in order to open the
| atter for a period of tinme tLi and then to close it. Once again, a
measurenent period tm is awaited. The second pressure switch is then
checked and if pz<d2 the process is~-aBorted with the recognition of the
| eakage of valve V2. The indication of the functionality of the valves
t akes pl i n. i.on of e pr : t ken, pl.ace. .S
essentia?&%ﬁggr%eégﬁggkgé %ﬁﬂ%%dﬁpt$$$$£%£%£?%§2V%g%§ragﬁggggu#%gdnethod
accor di ngeseithe thevenevonusapnrise ssiier renedssi ghirbbganvieyveolgared to t he
known concepts. These measurenment periods will as a rule be identical

tm =tn2=tm since the triggering values of the sensors are sel ected
synmmet ri €&l INPYESINP A&l f APRé 1BAL eft s dAUREOPIE D ¢MeCk abESt REENt wo
pressur ecswilielhes auecdisspased.in the test volume between the safety

val ves, and the latter have different, essentially symetrical sw tching
points in respect of half the inlet pressure, a nore rapid | eakproofness
test is possirblieg Thos,tlezcarediongl t etkbe sayeatcon, tiHe f @roeeanpl est he

first praessure.switch Rased, 716,34k 9gering threshold which amounts to
1.1 of the inlet pressure, the secon ‘pressure switch has a val ue of

approx. ,-fq of the inlet pressure. It can imedi ately be seen that the

approachrgf thhe inisggening t hrasholyds 1o thesdoltel pressyce ep thenpone hand
and to the outlet pressure on the other hand enables a higher sensitivity

of the déPectiddrram thP% ne Bresstr @fsvilthes2 PREsMIGT d<° ateaRadé i s
present Rfttleasysteny bhecsisatrethatr eshalads tasp exeeededtoprkakliea bel ow

nore qui ckl. han is the case,in the systemw th a, singl ressure. switch
or a pluﬁgﬁ¥Fb of° f%ﬁﬁﬂﬁh fnb%eggﬁr%rg t&hesg. @ §§ﬁpe%§ﬁﬁ£fﬁﬁewf can thus
be reducédecorsiderabby. oTheéhseduekegeobft helstegs.i s preferably detern ned
as a function of the state of the systemin the case of each | eakproof ness

check. A check is first made to establish whether, at the start of the
| eakpr ooPRes8ecREERT 1RE | ridt Mpfdssural e YEhif nBFecagesethan PhEeti r st

triggering tdysashehd hastheenrexcgedrd:ida €or P2dle 4.0 thiss ©ase, cbhe first
step SGQUTHCG i.S executed. . . . .
close 1t. Once again, a measurement period twm 1is awaited.
The second pressure switch is then checked and if p:<dz the
process 1is aborted with the recognition of the leakage of

valve V2.

The indication of the functionality of the valves takes

place if an abortion of the process has not taken place.

It 1s essential that measurement periods twmi and twm
according to the method according to the invention can be
shortened significantly compared to the known concepts.
These measurement periods will as a rule be identical
tmi=tme=tm, since the triggering values of the sensors are
selected symmetrically around half the inlet pressure. Due
to the fact that two pressure switches are disposed in the
test volume between the safety valves, and the latter have
different, essentially symmetrical switching points in
respect of half the inlet ©pressure, a more rapid
leakproofness test 1s possible. Thus, according to the

invention, i1f for example the first pressure switch has a



If, at the start of the | eakproofness check, the first pressure switch
indicates that the first triggering threshold has not been exceeded, i.e.
p<=dl, the second step sequence is executed. Since, at the start of the
process, the sequence of the valve chgcks i s determ ned dependi ng on the
state of the system a tine-saving is also ensured here without adversely
affecting the reliability. Depending on the pressure ratios between the

val ves, {he;dealgps oofinesshof g valven! ot d he ot ber oRanghtheiniet

| eakpr oof ness of valve V2 is checked first. In addition, a check is nade by
means ofPEMRSHFS L helPredsene RGFTEHES THeStabifsh Vbt he? T tHOTREL - 7 -
Vﬁl une isshmﬁrQh@r irﬁfﬁéﬁ apﬁéhgu]?éess;w ]sbalre?/@zhméﬁith@lpubbetsepﬂ’resslhlfj‘e. |fOI
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by the iTiet GEESAITE P oHECked OFeE honBber ot foT S pFBSoutBith t he
test volpmesahready ahpunhs hand walduecsitgre fouwant yoredsed conpahed to the
outlet p r h oof 2. | ocate 0 nd
bIockind5§§€% ?ggge%¥t§%ﬁ$%e803§%€¥gir%%é%f%yggéghggkgﬁg?r@%%%ggg%gnding on
t he sel ecttilontlod pPhessuiggevinghesreshol ds, a considerabl e shortening of

t he measurenent period can be achi eved, wherein the risk of msrecognitions
al so arises when the triggering thresholds of the pressure swtche
approachr%%%mu%moéératée?%égﬁré§sﬁw€§%&¥t%ﬂ3§QQMﬁy%ﬁ?ﬁycﬁh?h%t@ﬁ? es. It
is partigntashylaslvantageausdddesef pselenf bbhewpressurgiiiduigshohds are set
with a certg%nlg garane%gr X <.10 in.the neihqf accordiqg to. the épvention
This fact®r 3nd°8s8oci'atE§ resdare perd gt tm ar e addpt ed” dépendi ng
on the desiggnmflitthe syst eadandathe glegrurelhevlidches -t Medsigtonexti s
selected,. the. s t EASH eNE rj It is prescribed by the
requireg%% % %%gg%égﬁﬁ%2§1 st an ardg£¥§96%9%%ﬂ'ried\Mtrlthat t he | eakage
in a gas-conveying system nust not exceed specific limting val ues.
Measurenpid i@ ch®chase t @nhe getes miged; tad N 1accauptrRinthe a3 L chi ng
precision of the pressure switches, the volune present between the safety

p
val ves, tHechieRstfe Wi feFehte HBetttensSYRESTn& T 68FFet°%si 88Bnd the
| i ne crossaBecddoNSsascmetk. as the renmmi ni ng design of the system In any
event, however, a much quicker process for checking | eakproofness is
achi eved, since the symetrical selection of the triggering thresholds of
t he presBuckeshi tshésrsitgnadls an estcessive vhnetkase ot deerebsetiaft he

pressurech the festb MU Mughogarl el than Lp theLaseol a.pregsure
swi tch ich i's sét by reason of the function
indicates that the first triggering threshold has been

exceeded, i.e. pz>di. In this case, the first step sequence

is executed.

If, at the start of the leakproofness check, the first
pressure switch indicates that the first triggering
threshold has not been exceeded, i.e. p:<=di, the second

step sequence is executed.

Since, at the start of the process, the sequence of the
valve checks 1s determined depending on the state of the
system, a time-saving 1is also ensured here without
adversely affecting the reliability. Depending on the
pressure ratios between the valves, the leakproofness of
valve VI or on the other hand the leakproofness of valve V2
is checked first. In addition, a check .is made by means of

one of the pressure switches to establish whether the test



- 8 - roughly centrally to a pressure- value between an inlet value and an
outlet value. It energes fromthe wording of claim1 that the neasurenent
period and the opening tines of the valves may be different dependi ng on
the val ve just switched. Identical medsarenent periods and opening tines
can however al so be selected for both valves. In this case, the
configurati,on of. the systemis extrggel si.nple,.sin eogngxeaoﬁ%wet

volime 1s mor r Ss . at e préssure’ 1&ve
par anet ers have tonbe se(%. e 1 nventl W flll %e expl al ne I N great er
det ai | wtkestsheeai d ofthhe appéhdedafsegurds Regkpeodfneser pbeyad veet hod

and a Sehuﬁgﬁgcﬁgmgggrgﬁmt N&\Priofedl by renn Cl%%e‘%r ESSUL L, S tich i's

used. Figure ow chart of the nethod with the neans fromfigure

1. Fi gur €ngcieng i& sdystiamiss@c up § ot hREkF Tigr ¢ eblkpkbof A8SE HE8FGing to

the inventiireadyFagui@t4d shows vailkowighart cahtaymebhedqacenpdirag te t he
invention for the use of the device fron1f%%ure 3 Flgure % ihom% devi ce
for checkifg thd StedlGFTotresst it 1SRRI EIGTTS vaf vEsTVA ¥Ad1953E&% est
secti on Hownstfremmednbebweeniskhutviohf reabees Yb and Y2arlAtspppkgukiene 15 is
disposed.%nckggkggl%gr%%de of the device, so that valve VI sits between

test section and suppl'y line 15. Valve V2 sits between test section 10

and di scharge |line 20, which |eads to a gas consuner, e.g. a burner
arrange”@@bending on the selection of the triggering thresholds, a

considerable shortening of the measurement period can be
achieved, wherein the risk of misrecognitions also arises
when the triggering thresholds of the pressure switches
approach ever closer to the pressures on the other side of

the valves.

It is particularly advantageous, therefore, if the pressure
thresholds are set with a certainly parameter x < 10 in the
method according to the invention. This factor and
associated measurement period twm can be adapted depending
on the design of the system and the plant. The larger the

factor x is selected, the shorter the measurement period.

It is prescribed by the requirements and technical
standards to be complied with that the leakage in a gas-
conveying system must not exceed specific limiting values.
Measurement time tm has to be determined taking account of
the switching precision of the pressure switches, the
volume present between the safety wvalves, the pressure
difference between the inlet and outlet side and the line
cross—-sections as well as the remaining design of the
system. In any event, however, a much quicker process for
checking leakproofness is achieved, since the symmetrical
selection of the triggering thresholds of the pressure
switches signals an excessive increase or decrease in the
pressure in the test volume much earlier than in the case

of a pressure switch which is set by reason of the function



An inlet pressure pe is present in supply line 15. A pressure sensor 25 is
coupled with the volune of test section 10. Wth this device according to
the prior art, - 9 - the switching point the pressure sensor is set to
hal f the inlet pressure pe/2. The pressure present in test section 10 is
denoted by pz. Figure 2 shows the course of a test program such as can be
executed according to the device fromfigure 1. This test procedure

accordi ngotonipe Rgfaiant takes pRaGRUR thiegeSefdd s, an iphiéal
waiting tine, a valve opéning tine and a testing tinme. After the start of
the progfamye 2MAi 7 ngitiee Y¥ #$rst el apses in step 50. The status of

pressure switch 25 is then checked, and if pressure pz prevailing in test
section 10 is greater than half the iple ressure Pe, program sequence A
is contiﬁhe‘?ﬁeg?l i TR ?e‘%%ﬁ?%n?sognci%jgmo h%’aiﬁaﬁae rf?)‘?gﬁlﬁ]é%lf‘%?%lt han
hal f thepénlied jme@sshk eopensmgtchnes ofidehe talvde prygvamibf sacént o

progr am B, Lnsolaronschhe, pr gsoyre | At honast pagst | om Allebutlfehanse of

the waiting time is greater th e inlet preéessure, I's ascertained
in step Boalehat apdessanéngalktimey? chyi hevermrstalemmiad shkeatesd Eektion is

intact. Jbis YalvesV2rhsthikogased ivheStem B3fiAdHid her opani gspesi tion,
an opening tinme tL of several seconds, here approx. 2 seconds, is then
avai t ed BhPIHeeHa VeS1BPLfi gEered %‘@%\Ynai%e‘ét%r%%t‘?ﬁ '3t P oled
positionsetn step 80a, neasurenent time tmis awaited and then, in step
85a, it is determ ned whether the pressure in the test section is greater
than half the inlet pressure. If this is the case, it is ascertained in
step 90arhdatnvahvioVl wisldbkeeiple insidnde tdregiressigtmilnoriedsetiod t he

t est secﬂgnopa&éa%}%erﬁ%g%gf%ggpggh this valve. If the pressure of the

test section contin s than half the inlet pressure, the
functionality of valve VI is also ascertained in step 95a.

Figure 1 describes a method and a set-up according to the

prior art, wherein one pressure switch is used.

Figure 2 shows a flow chart of the method with the means

from figure 1.

Figure 3 shows a system set-up for checking leakproofness

according to the invention.

Figure 4 shows a flow chart of a method according to the

invention for the use of the device from figure 3.

Figure 1 shows a device for checking the leakproofness of
two shut-off valves V1 and V2. A test section 10 is formed
between shut-off wvalves V1 and V2. A supply line 15 is
disposed on the inlet side of the device, so that valve VI
sits between test section 10 and supply line 15. Valve V2
sits between test section 10 and discharge line 20, which

leads to a gas consumer, e.g. a burner arrangement.

An inlet pressure pe 1s present in supply line 15. A
pressure sensor 25 1s coupled with the volume of test

section 10. With this device according to the prior art,




- 10 - Program B, which is selected when the pressure in the test section
initially exceeds half the inlet pressure, runs anal ogously, but the proper
function of valve V1 is first inferred in step 60b. After the opening and
closing of valve VI in steps 65b, 70b%nd 75b, neasurement tine 80b is
conpl eted and then a check is made to establish whether valve V2 satisfies
t he | eak of r. (W t e in.t t est ti IS
i nt &) e 11 G EE Soant A e CRuok: Ta BT 1he T ohk EpobRhgs¢ MBan t ake
a consi déndisite rrRsMireofpd/idve Dasedreasthe wyesehtorigr pressusecswionch set
to half tyhe jisnlehREeesSHYr ¢, . especi al |y when larger volunmes have to be
tested. According to the invention, therefore, the design shown in figure 3
i s proposed, which enploys two pressure sensors which are set with their
SWi tclhi ngiﬁ;@ir@ts sywwet thealkby raeowsd ahakktt becghtbeat, ﬁh@&sél’secahnb}ehi S
exanpl e, the one pressuy.e sensor, 26 is.,set to a stitching point pe/l4,
whi | St t RECOHER AR R dnaor"879PE 18 6™ He Si% chi nb boi RE 3/ 4pe.
Fi gur e 4pshoesiuaec egracspondl ngp seleepceéoof atrhte tratdrodo bocor dinghtreet he
inventio f.ter, t . _Qf . et a.c [ in.ste 50 to
establis eﬁ?&%ﬁéf %ﬁegé%?gageﬁégﬁlgg ?2%Féa€egg§ﬁ§t8ng§§8rglp% %Pévailing
in test wvolfewelvVe itsmgreater than 1/4 of inlet pressure Pe. If this is the
case, the process is continued in the |eft-hand branch of the program In
this case, valve V1 is opened in step 160a, kept open in step 165a for an
openi ng Péirfad tht EEagL fUr ERTePACIEETondR) Ward 18Losediaghi nfitA st ep
170a. A eeapdesneintt peepodot.n Thidertakapsest i preseprd 75aitBl S2 Hreasur enent
peri od i§hf%x%§_d%%%ndgn% o% t he %esign of tge. evi ce_and that ghe rel evant
regul ati 6nS’ perdi-ng “On the Srakichim Vo1 BT ﬁpghFBUSﬁs h&°gas “Suppl y
| i ne, onlbheisnloeteatpressbae dred Ot hee pombatet rsssiurel spest abbioshed wit h
the sel ecbian-gf Ihe geasirenmnlq perhad what Br eSS &, dr opoPes, ughl of i me
is conpatigleBMAth t he statutory fegulai%ons. Thi's fﬁhe-reﬁatéh ge ection
i s convePt88Tt NATHe SRCt cHF PYEPBI itherof hehe déwd cénhAkciPras Piaced
symet ri gah kynhareunddabak htbhenknbebgRafss¥bacnCobr gepgRdinng . met hods of
cal cul ation are known to the person skilled in the art. Measurenent period
tm in step 175a is therefore a nmuch shorter neasurenent period conpared to
t he measunenent perichd presshirguie 2henteteps8BaiandaBObr shaceapsky a
smal | er sol.ute pre re change.is nitored, . Lf it _is asgertal in step
180a tha?gprégéurgégﬁig evgﬁﬁﬁnglfn gﬁga%ggt Egﬁﬂnekggﬁtiﬁﬁgs ?8T%g greater
than 3/ 4pofstheeinliét 1presseréainhd def ecepf €e fhatt Poasofireaedve2 is
ascertai ged @f; A8580,85PEEaA daf echive Al ve, M2 woulid have, shown,asl eakage
in nmeasurenent tinme tmwth the pressure difference present between pz and
pa, whi cHawd6l dVRavésScahisédIpresdsute p2teB f 4PR béhbw t RBSvaPRENéN9I3/ 4 Pe.
I f the cpbketien,i nast efpdBlay i xihanever &pt satd:sfi ededohesyrl hupetion of
V2 is ascertained,at 190a and the process is gpded mn%h an_error nessage.
approx. 2 séconds, 1s en awailte and he  wvalve 1is
triggered again in step 75a into the closed position. In
step 80a, measurement time tw is awaited and then, in step
85a, 1t 1is determined whether the pressure in the test
section is greater than half the inlet pressure. If this is
the case, it 1s ascertained in step 90a that wvalve VI is
defective, since the pressure increase of the test section
has taken place through this valve. If the pressure of the
test section continues to be less than half the inlet
pressure, the functionality of valve VI is also ascertained

in step 95a.



After step 185a, valve V2 is triggered to open in step 195a and the opening
is maintained in step 200a for an opening period ti2 (e.g. 2 seconds), in
order to enable a pressure equalisation between volunme Vp and the outl et
side. In step 205a, valve V2 is clqsgﬁ again and a neasurenment tinme t12 is
awaited in step 210a. It is now establ’ished by neans of sensor 26 whet her
the pressure present in the test volune is greater than;--1- of the inlet
pressurepr¥i&h BOUlHipRI Ak e 1acdelbeaticre v Yerdsudwayethe stose the
pressure increase Qf'ljﬁf the inlet iégés%ée is ﬁetected here and not, as
descri betFabtoR, ¥ HAN % hE*FRFEE ufF8S nEAstr eMENT S e thB P n step
210a agahme bodons Syt obouchhleessrddean feastut @meot tvedeet Mlr eipii fedstbove in
figures 1 and 2. .- 12 - 1t need be .cl arifi th t rtening of

t he neasﬁ?g%%ﬁ?dtfﬁ% af?ﬁ J%gﬁanégégfeﬂﬁé iP?F?ﬁgg d%%jsgﬁé%€9§B ?%e
arrangememntvefVa phustépsyocdp, pyessaned delnsonsawhiehehaveina 8ehi hg points
distri bU%&F&%fé(E@Et Lingal {er qundhdial f 5 5hedql et o PIessyi8 snThen &L 8L - hand
branch of the process in ?lgure 4 1s conpleted when the presence of a | ow
pressur eva hve hd2t esttividliafe Hae LARKPAPPYNBEEN TeSEErCHCRES. T BRecki ng of

val ve Vlpissthea sharhedcasd tbecfonctionalityigéqval ve V2 is checked
subsequently. Steps 195a to 210a correspond here to steps 160b to 175b.

Steps 195b to 215b, on the other hand, correspond to steps 160a to 180a. It
can be seenchhabet hedmvenit vehappheathnpr odudds: al emitdastb Siwsd enang of the

met hod of _checki.ng_L eak f Wi _th d t] f.r.o Ea W th
t he safe?%E%u%dSPgﬁégggggﬁﬁpgﬁgﬁﬁé fﬁéqgﬁgbﬁgﬁ%qjﬁgwiﬁ%n%é?T%% gg%trary,
t he systeneasunewhsliechs spbr ¢osdwslift ithe ail eteaerestwre hecppeseatdy of

Ieakageswgggnlgpégrr@&i@@ég.hégev£gmbgftégggag 3 and figure 4, ip is clear
to the person skilled in the art that a pressure increase, e.g. in the

presence of a non-tight valve V1, in volunme Vp to 1/4 of the inlet pressure

takes pl Aag€oPBIRgAUbCkhY tiRdRftriem, 1/thdre fbr2 oftHhelddigt $Hessuig. The
period for ssure eguali ation Iearlr depends on the difference in the
“8% %éd

a pr
pressure lgBr%e eqtfal PSEROSHPt h e Phdtf S 6rdi R t9 T he
i nvent i onhithereefeor ectanvienit r eheliy senstdhineg apdimgls ablemehetkadty

| eakpr 00f pegial geusedion At ndiuidudl funetinns ekahBecSysham 6an be
guaranteed.  -13 - CL
pressure sensor 26 is set to a stitching point pe/4, whilst
the other pressure sensor 27 is set to the switching point

3/4pe-

Figure 4 shows a corresponding sequence of the method
according to the invention. After the start of the method,
a check is made in step 150 to establish whether pressure
sensor 26 indicates that pressure p: prevailing in test
volume Vp is greater than 1/4 of inlet pressure pe. If this
is the case, the process 1is continued in the left-hand

branch of the program.

In this case, valve V1 is opened in step 160a, kept open in
step 165a for an opening period tu1 (e.g. for several
seconds) and closed again in step 170a. A measurement
period tm then elapses in step 175a. This measurement
period is fixed depending on the design of the device and
that the relevant regulations. Depending on the maximum

volume flow through the gas supply line, on the inlet




1. A nethod for checking the | eakproofness of two controllable val ves,
wherein the valves are di sposed at opposite ends of a test volune, wherein
an inlet pressure Pe is present upstreamof the test volunme, in front of
val ve VI, and wherein an outlet pressute pa is present downstream of the
test volune, behind valve V2, where pe>pa and wherein the pressure in the

test vol i q t j cont.ral_ deyvi trlggers.th al ves
for the %%%ﬁf%ﬁ%a%'?ﬂékﬁéﬁ §%§5§hg?§fh ?Eequﬁgg% %@%%%% %gt%ogg%ed W th
at | east seaechriess wie W tredresungnierit arer bot hwhat apreperaei deopoprect i on

with the st Molung fOr LHBRPFESBMT @i PRNLELr kRgEhaLackenhsed ohy the
steps of setting the first pressure swwtch to a first trlggerln%ﬂthreshold

dm wher ei’R1gi SpEISc Mhsrtek3sekeetiony Lhe COBVSTFSSr 3 uFRe swEERNEHIa second
triggeri pginhkcesolithd2ewher eimi i2=pee (p13LXY, swhreeirncaneyok rbhed

foll ow n groups of. steps _is alternatively executed with each
Ieakproogﬁggg chBEk: First s§%§s§gﬁﬁence&orregponglng methods ~of

calculation are known to the person skilled in the art.
Measurement period twmi in step 175a 1is therefore a much
shorter measurement period compared to the measurement
period from figure 2 in step 80a and 80b, since only a
smaller absolute pressure change is monitored. If it is
ascertained in step 180a that pressure p; prevailing in the
test volume continues to be greater than 3/4 of the inlet
pressure, the defect-free function of wvalve V2 is
ascertained at 185a, since a defective valve V2 would have
shown a leakage in measurement time twm with the pressure
difference present between p:; and pa, which would have
caused pressure p; to fall below the wvalue of 3/4 pe. If
the criterion in step 180a 1is however not satisfied, the
malfunction of V2 is ascertained at 190a and the process is

ended with an error message.

After step 185a, valve V2 is triggered to open in step 19ba
and the opening is maintained in step 200a for an opening
period tiz (e.g. 2 seconds), in order to enable a pressure
equalisation between volume Vp and the outlet side. In step
205a, wvalve V2 is closed again and a measurement time twu
is awaited in step 210a. It is now established by means of
sensor 26 whether the pressure present in the test volume
is greater than % of the inlet pressure, which would point
to a defective wvalve V1. However, since the pressure
increase of Y% of the inlet pressure is detected here and
not, as described above, of half the inlet pressure,
measurement time twmz in step 210a again amounts to much
less than measurement time twm required above in figures 1
and 2.



triggering of valve V1 in order to open the latter for a tine period tm and
then to close it, awaiting a neasurenent period tmu - 14 - checking the
second pressure switch and abortion of the process with the recognition of
the | eakage of valve V2 if pz<d2, _trniggering of valve V2 in order to open
the latter for a tinme period ti,2 and then to close it, awaiting a

measur enment period tn2, checking the first pressure switch and abortion of
t he process méddis t heo r égognriltardif iefd t héateakage ehovakuényl of pizkdi ;

second %%g sIEIHENECtine with unchanged reliability is due solely
to the arrangement of a plurality of pressure sensors which
have switching points distributed symmetrically around half

the inlet pressure.

The right-hand branch of the process in figure 4 1is
completed when the presence of a low pressure in the test
volume has initially been ascertained. The checking of
valve V1 is then started and the functionality of valve V2
is checked subsequently. Steps 195a to 210a correspond here
to steps 160b to 175b. Steps 195b to 215b, on the other
hand, correspond to steps 160a to 180a.

It can be seen that the inventive approach produces a
marked shortening of the method of checking leakproofness,
without departing from compliance with the safety
guidelines or impairing the checking thereof. On the
contrary, the system as a whole 1s more sensitive and
reacts to the presence of leakages even more reliably. In
view of figure 3 and figure 4, it is clear to the person
skilled in the art that a pressure increase, e.g. in the
presence of a non-tight valve V1, in volume V, to 1/4 of
the inlet pressure takes place more quickly than from 1/4
to 1/2 of the inlet pressure. The period for a pressure
equalisation <clearly depends on the difference 1in the
pressures to be equalised. With the described method
according to the invention, therefore, an extremely
sensitive and reliable check of leakproofness focused on

the individual functions of the system can be guaranteed.



triggering of valve V2 in order to open the latter for a tine period tu and
then to close it, awaiting a neasurenent period tnR2, checking the first
pressure switch and abortion of the process with the recognition of the

| eakage of valve V1 if pz>di, triggenixng valve V1 in order to open the
latter for a time period tu and then to close it, awaiting a measurenent
period tm checking the second pressure switch and abortion of the process
with the recognition of the |eakageSBRINElve V2 if pz<d2,

1. A method for checking the leakproofness of two
controllable valves, wherein the valves are disposed
at opposite ends of a test volume, wherein an inlet
pressure pe 1s present upstream of the test volume, in
front of wvalve VI, and wherein an outlet pressure pa
is present downstream of the test volume, behind valve
V2, where pe>pa and wherein the pressure in the test

volume is equal to ps,

wherein a control device triggers the valves for the
opening and closing and wherein the control device 1is
coupled with at least two pressure switches which are
both in an operative connection with the test volume

for the pressure monitoring,
characterised by the steps of

setting the first pressure switch to a first

triggering threshold di, wherein di=pe/x where x23,

setting the second pressure switch to a second

triggering threshold dz, wherein de=pe (1-1/x),

wherein one of the following two groups of steps is

alternatively executed with each leakproofness check:

first step sequence:

- triggering of valve V1 1in order to open the
latter for a time period ti1 and then to close

it,

- awaiting a measurement period twi,



- 15 - 2. The nmethod according to claim11, wherein the first step sequence
is executed if, at the start of the |eakproofness check,the first pressure
switch indicates that the first triggering threshold has been exceeded,

i.e. P>di, and the second step sequenté is executed if, at the start of the
| eakpr oof ness check, the first pressure swtch indicates that the first
triggering threshold has not been exceeded, i.e. Pz<=di. 3. The nethod
according to cl ai moPSTIRg T eF ACXRAOPTSSHRE A¥LhEE &CCorfiHd 4B any one
of claims 1 to 3, wtereahe tl@adggsapplies tthd hecgmaglirenent qer igds and
wherein tn=t1l,2 ap;%li s tot q/_clgfenivr%gi r'ggs. 5. The method according to
any one of clains FC6ET her'&n'® dfter the“%etti ng of one of the pressure
switches, automatic setting of the other pressure switch takes place with

an identical para”%ﬁ%@d@ring of wvalve V2 1in order to open the
latter for a time period ti2 and then to close
it,

- awaiting a measurement period twe,

- checking the first pressure switch and abortion
of the process with the recognition of the
leakage of valve V1 if p.>d:i;

second step sequence:

- triggering of wvalve V2 1in order to open the
latter for a time period tiz and then to close
it,

- awaiting a measurement period twe,

- checking the first pressure switch and abortion
of the process with the recognition of the

leakage of valve V1 if p.>di,

- triggering valve V1 in order to open the latter

for a time period ti1 and then to close it,

- awaiting a measurement period twi,

- checking the second pressure switch and abortion
of the process with the recognition of the

leakage of valve V2 if p:<do,

indication of the functionality of the wvalves if no

abortion of the process has taken place.



The method according to c¢laim 1, wherein the first
step sequence 1is executed if, at the start of the
leakproofness  check, the first pressure switch
indicates that the first triggering threshold has been

exceeded, i1l.e. P;>di, and

the second step sequence is executed if, at the start
of the leakproofness check, the first pressure switch
indicates that the first triggering threshold has not

been exceeded, i.e. P;<=d;.

The method according to claim 1 or 2, wherein x<10.

The method according to any one of claims 1 to 3,
wherein twmi=tmz applies to the measurement periods and

wherein tri=ti2 applies to the opening periods.

The method according to any one of claims 1 to 4,
wherein, after the setting of one of the pressure
switches, automatic setting of the other pressure

switch takes place with an identical parameter x.



