"1 16 March 2005 TITLE: I nproved Method of Measuring Vacuum Pressure in
Seal ed Vials DESCRIPTION This invention relates to an i nproved nethod of
measuring the vacuum pressure in a sealed glass, or other electrically
non- conductive vessel. Perishable proﬂucts are frequently pacﬁﬁged [
evacuated glass vessels. In order to ensure the integrity of I aﬁP&@Qét
supplied to the custoner, it is wusually necessary |dent|fy and reject
vessel s tTHqLRr ¢m 1 1LE . . A known

met hod of confirm ng EX oTe ot St i

Is to use a high voltage hi gh frequency source, eg. a Tesla corl to
‘create an alternating eIectrrc ftﬁgd that ionizes the, residual gas

nol ecul es within the vessel, SGRIDTION; ent | y evacuated. The

i oni zati on can be detected, by the light em ssion fromthe discharge

Wi thin the vessel, by registering the increase in current delivered by the

high vol tage Huar inventionbyelatsg do eannimpraliedd metheal ofigmedsuting &a d
source. Patent US 4,546.319, proposes a nmethod of deducing a quantitative

val ue forvachieny Pressumy @ Salrfad Niibss her 8&? el@&d&ﬁi“ﬁé?&oﬁﬁﬁcﬁ@é ue of
erence Vi

el ectrode current and conparing |t W th a nown
pressur e.yegsel.

Perishable prodt_rcts are frequently packaged in evacuated glass
_Vvessels.
In order to ensure the integrity of the product supplied to the customer, it is
usually ne_ceséary identify and reject vessels that are no longer properly
evacuated due to leakage.
| A known method of confirming the existence of a suitable vacuum
within the vessel, is to use a high voltage, .high frequency source, eg. a Tesla
coill, to create an alternating electric field ;chat ionizes the residual gas
molecules within the vessel, if it is sufﬁcierxtly evacuated.
The ionization can be detected, by the light emission from the
discharge |
w'rthin. tﬁe vessel, by registering the increase in current delivered by the high
voltage source, or by registering a drop in voltage of the said source.
~ Patent US 4,546,319, proposes a method of deducing a quantﬂ:étive |
value for the vacuum pressure within the vessel by measuring the value of
electrode
current and comparing it with a reference vial of a known pressure.,
In"practice, the above method is prone to considerable inaccuracy due

to the fact that only a portion of the electrode current measured by the device



In practice, the above nmethod is prone to considerable inaccuracy due to
the fact that only a portion of the electrode current neasured by the
device 2 16 March 2005 is accounted for by the electrical discharge within

the vial. Additional current due to-stray capacitance and earth |le

can considerably distort the results. A further difficulty i #M@E%%Sh
quantitative neasurenent hQy this nethod is that the el ectrode current is
non- | i ﬁe%?c%rltﬂgﬁg’éggéget eqirizal digchagg withinthe,viab@dditionalcirent i sck oses
a non-invasive nmethod of measuring internal pressure in which the

el ect r gde tpoptrayecapaciianceasnd epribgleakageetan condidenablyotlistaré the which
lonization initially occurs is utilised as the parameter indicative of

vial prestsr @ further ificulty dnvoibedi witht quarititative measidehmnt sy dhign the
application of a suitably high voltage and the start of ionization

i ntrod S - S vl b r te i
suf 11 ol ARpETS> AT ofictitki®, cuttPE™S hAR-Rer Mafth PR B ML, | e

over al b%ﬁ%ﬁpeti me. Although DE 41 26 275 Aldi scioses neans to mnimze the
i oni zabl .~ delay, the delay is not elimnated. and still introduces
progressive{:y Iarﬁé , errors as the voltage ranp rate is increased, such
as woul d bePpapfi Al 26n 27 sA1 odisglogesh as frantinyasyeatmethogsing
process. The current invention ains to provide a fast and accurate nethod
of  nmemmasuriggvintemnal ppressuree innwhiall dhle vélatisodé\oiltagjen ds tincrelasedr esent

I nventian, .there is provided, a nethod of neasuring the vacuum pressure

Wi t hi npm%eséiedlyyiaﬁa the vorage! atoRARN ihatiéh titigly evduts iSuBksed as Pl aci ng
the vial between a pair of €lectrodes. b) lonizing the gas contained within

telhgc;/ir? e@ﬂﬁﬂ?&e)“iﬁ’tﬂc@ﬁ\m 8hvial bmy hi gh .vol t age potenial across the
In practice, the indeterminate time delay between the application of a
" suitably high voltage and the start of i_onization introduces measurehent
errors - unless the voltage ramp rate is sufficiently slow that the delay
variation becomes small compared to the overall ramp time.

Although DE 41 26 275 A1discloses méans 1o minimize the ionization .
delay, the delay is not t_aliminated .and still introduces progressively larger- .-
errors as the voltage ramp rate is increased, such as would be required in
the case of a high speed automatic testing process.

The current invention aims to provide a fast and accurate method of
measuring vacuum pressure in sealed vials.

According to the present invention, there is provided, a method of measuring
the vacuum pressure with_in a sealed vial or vessal comprising the following steps:

a) Placing the v,iaE between a pair of electrodes. '

b) ionizing the gas contained within the vial by applying a high

frequency, high voltage potenial across the electrodes.

c) Progressively decreasing the voltage once ionization has occurred.




c) Progressively decreasing the voltage once ionization has occurred. 3 .
16 March 2005 . d) Detecting the termnation of ionization. e) Deriving
the gas pressure within the vial as a function of the electrode voltage at
the point at which ionization termnates. Detecting the term natjon. of

i oni zati on may be by registering eithe? the sudden drop in el M5t 005
current, or th L.nation of .l ight emssjion fromthe vial. The point at
which there i s&abg%%@ig %‘Pgﬁ”ﬂ{‘%ﬁ’g‘&fﬁ@a@ajﬂ%-rem or the 1light em ssion
term nat es, coi%des with the termnation of ionization, In the nethod,
the vol tage atSWRYWINGFheagrsnpEssvEr withinnthe Vialaasradunelien ohEher essure
i's proportional to the electrode voltage at which ionization ceases

- herei n ref er relgctrodavoitage atrthe -paint atovhick donizatiomtarmisatesoduces a nore
accurate and consistent result than nmeasuring the current at a given

_.voltage as in Detestingtthdenmiritiont dkioniFatibaMay bady idistering dithey &ié at i ons

I n | eakage current or stray capacitance. Unlike the nethod described in DE

41 26275 dkert G IBRIrodl RUARNE Y the tORhinaHoh e TighPefisdbn it the L1 M

del ay or hysteresrs Ioni za I oni zati on ceases

I nst ant an S and repeat.ably once the  voltage falls bel ow that . .required

to maint a‘ﬁ%’PaLrﬁ?sB‘H‘Qf Sgﬁfﬁﬁéxﬁﬁlﬁ @ss%dreé'sE"OR?m P%@’i’opgn‘ﬁm?%meoﬁmlet hus

rapid testing w thout conprom sing accuracy. In the enbodi nent of the

i nvent i orfight esnissigaderminates. erineidep with thetermingdionofiienizatien. by det ecting

t he sudden drop in electrode current as ionization ceases. Alternatively,

the end of i onirzdheomethpdpethdefvaiiagd aptwhith yorigatibre céases rist then of

light emission fromthe vial. The invention will now be described by way of

exanpl e ofe¥suMid. The GbFpEIré % bRsbdridbhaMbHe Hl8ctduEs voRayd bt Which
ionization ceaées - herein referred to as the ‘drop-out voltage’

The method produces a more accurate and consistent result than
measuring the current at a given voltage as in US 4,546,319 since the
method is not affected by variations in ieakage current or stray capacitance.

Unlike the method described in DE 41 26 275 A1, the present -
invention is not subject to emors due to time delay or hysteresis at the start of
ionization. The ionization ceases instantaneously and repeatably once the
voltage falls below that required to maintain a discharge. This enables a fast
voltage ramp rate and thus rapid testing without compromising accuracy.

 In the embodiment of the invention herein described, the drop-out
voitage is measured by detecting the sudden drop in electrode current as
ionization ceases.

Altemnatively, the end of ionization may be detected optically by the

- termination of light emission from the vial.

The invention will now be described by way of example only, with

reference to the following drawings in which:




g 16 Mazch 2005 Figure 7 shows a schematic di agram of apparatus enpl oyi ng
t he vacuum neasur enent net hod herein described. ' Fi gure 2 shows typical
graphs of electrode voltage "V and electrode current'l' againsttine T .
Referring to figure 1, a vessel 7; under test is positioned bet 6\;\1&# s
el.ectrode 2 ~at earth potential, and4an el ectrode 3, driven b 1

[y eauency, ek 8953 % Ehefrati ity pbBhra Chiiovng B b v

sr gnal s indicative of the electrode voltage V.in" and el ectrode can ent
L n' . VARdUBJReasKTesien meﬂrqsﬂrbwamgaévﬂm with means to control the

out put voltage of - the source 4, by output signal “V.out'. ' Referring to
Figure 2, whiFigurehdshowsetyical tgrapbs of ele &/ valiagecdf rambelﬂﬂtmﬁeel ectrode
current- "' during a typical test sequence. The tinme period for the test

sequenceutrent YragAhsbiiras ‘The order of a few hundred nilliseconds. At.the
start of the pressure rreasurerrent sequence, the. nmaxinmmvoltage is

?EE' Lﬁd. oni zetoptne 1 Rblie 2a vekeBi 3 LngEP R q%%S?“"’"éia o] SEEHRA ol oy,
b -

i ncreas ’%@[P gr%ﬂ@%ﬁhvﬂfﬁﬁn% aly. fr‘ngrﬁﬁasl%&ﬁ"a &F‘é%%t Hgdadé enperi od

with the maX| mum vol tage applied, no ioni zatlon |s det ected, the.

control r@queaw,tleghqmmetmrﬁeaﬂsdhem deliviere tRicalhd 29:@R0 ¥elts ald ni ng

I ndicator, or other output signal to indicate that the vial is
un- evac fewvénindred Kilo cycles. o .

A controller 5 is provided with input signals indicative of the electrode
volfage 'V.in' and electrode current ‘Lin’. The controfler 5 is further provided
with means to control the output voltage of the source 4, by output signal
V.out',

Referring to Figure 2, which shows the electrode voltage V' and
corresponding electrode current ‘T’ during a typical test seuuence. The time
period for the itest sequence is typically of the order of a few hundred
milliseconds. At the start of the pressure measurement sequence, the.
maximum voltage is applied, as shown at point ‘a’ Thel comesponding
electrode current for the un-ionized vial is indicated at point ‘d’. After a short
time delay, ‘d-e’, ienization of the vial commences, as indicated by the
suuden increase in electrode current, ‘e-f.

If after a predetermined delay period with the maximum voltage
applied, no ioniéatron is detected, the. controller may terminate the

measurement sequence and provide a waming indicator, or other output

signal to indicate that the vial is un-evacuated.




~ 16 Mazch 2005 The ionization delay 'd-e' may be m nim zed by bonbarding
the vial with Beta particles froma radio isotope. A 10 mcroCurie
Strontium 90 source will serve the purpose. If the test is conducted on

cl éar glass vials,. the ionization delag may be mnimzed by a few seconds
exposure to near- UV prior to the application of the electric ¥ ¥Magh3605; he
viat is sufficilTbationizalisoudeley ‘des’ahbyvbé eninimlzednby thumbarding thervial
defects the sudden increase in electrode current 'e-f and conmences to

ranp downwithcBotd partiviebt fom of radie RIES. A 10 miBrlCANE Isiiintilith Bpope
t~-c'. As the electrode voltage is reduced, the electrode current falls

“progr essi gQlrte Wil iserRol ubhodeS reached, whereupon, there is an
I nst ant aneous wﬂroprﬁt%wgﬁgég-h' as ionization of the gas within the

vial ceases. T, sudden change ,in el ectrode cyrrent, i s detected by neans
“of a different P‘;PSrtLésgﬁ gan U%Pds‘?ﬂ Alasg ] Li?v sulaniFatam e@ynmaY | er 5.
The control | er, 5 neasures the corresponding el ectrode voltage 'V1' at
the i nst R mipKRizedrby, atfevhsecansdssexprsure tp naar-Wi prian toHtheeapplicationt ai ned
fromreference vials evacuated to known pressures. By neans of

i nt er pol aefitbe electriadmidat e readi ng of internal pressure can be obtai ned.
The <controller 5 then provides an output -signal indicative of vial )

pressure via oithgtvidlomt suffiSieptly %ﬁﬁﬁfﬁd tﬁ?aﬂ&%@&?goﬁgﬁé’egﬁﬁ@%egg ;he

el ectrode voltage, the output of the source 4 ma C
Ind of | oeteBR IS SRR rfedl A7 ERRode BEiRl o and chiBanred s v a
pressure. rar116p gwnwbth(éhou%(p))g? voltage of the source 4, as indicated By the siope ‘b-c'.

As the electrode voltage is reduced, the electrode current falls
progressively until point ‘g’ is reached, whereupon, there is an instantaneous
drop in current ‘g-h' as ionization of the gag within the vial ceases. The
sudden char;ge in electrode current is detectéd by méans of a differentiator
circuit or software élgor'rthm within the controller 5.

The controlier 5 measures the correspor;ding electrode voltage 'V1’ at
the instant that ionization ceases and compares this with results obtained
from reference vials evacuated to known pressures. By means of
interpolation, an accurate reading of internal pressure can be obtained. The
controller 5 then provides én output signal indicative of vial pressure via
output P.out.

As an altemative to direct measurement of the elgctrode voltage, the
output of the source 4 may be ramped down at a given rate, and the time
delay between thé start of the ramp ‘F and the end of ionization ‘g’ may be

utilised as the parameter indicative of vial pressure,




CLAIMS 1. A nethod of measuring the vacuum pressure within a sealed vial or
vessel conprising the follow ng steps; ﬁ) pl aci ng the vial or vessel
between a pair of electrodes, b) ionizihg the gas contained within the vial
or vessel by applying a high frequency, high voltage potenti al g{across t he
el ectrodes, c) progressively decreasing the voltage once ioniz MaFen05
occurred, d) de ' the termnation of ionization, e) deriving the gas
pressure wt hi n%—ﬂvﬁal or vessel as a function of the el ectrode voltage
at the point at which ionization terminates. 2. A nethod as clainmed in
claim 1 in which, the A eidthdifbf fRadirink ARt ZBEdRD ptdsHe AR S éé&mﬁeﬂ‘fﬂs&e“ ng

t he sudden drop in electrode current.” 3. A metrqod as claimed 1nclaim1l in
whi ch the term Y§¥sebepraprisingthe fellesying stepst ect ed by det ecting the
termnation of light emssion fromthe vial or vessel. 4. A nmethod as
claimed in claim1 in which the maxi numvoltage is applied at the start of
the test sequence toa)oni placidpethg&il bvdshe beétvaden ArpaitsTe®ctroles, A Met hod as
claimed in claim4 in which the electrode current is nonitored while the

maxi mum vol tage is applied and an output signal is generated if no sudden

i ncrease i n el ect 1 odg) CUr §5ink thd 9k WnlldewifhiR HRARE A URH b§ ShaNier | 00

a high frequency, high voltage potential across the electrodes,

c) progressively decreasing the voltage once ionization has
occurred,

d) detecting the termination of ionization,

e) deriving the gas pressure within the vial or vessel as a function

of the electrode voltage at the point at which ionization terminates.

2. A method as claimed in claim 1 in which the termination of ionization

1s detected by registering the sudden drop in electrode current.

3. A method as claimed in claim 1 in which the termination of ionization
1s detected by detecting the termination of light emission from the vial or

vessel.

4, A method as claimed in claim 1 in which the maximum voltage is

applied at the start of the test sequence to ionize the gas in the vial or vessel.

5. A method as claimed in claim 4 in which the electrode current is
monitored while the maximum voltage is applied and an output signal is

generated if no sudden increase in electrode current is noted after a

predetermined delay period.




16 Mazch 2005 6. A nmethod as clained in claiml in which the ionization of
the gas is speeded up by bonmbarding the vial with Beta particles froma
radio i sotope. 7. A nethod as cl ai ned ih claim1 in which the ionization of
the gas is speeded up by exposing the vial or vessel when made of clear
glass to near-iJV radiation prior to application of the eIectr%Qﬁ@ﬂé§39958.
A nethod as clainmed in claiml1l in which the voltage applied to the

el ectrodes is ranmped Alewhad 4selainfi AR iP whEhehE §6hizRion dMBE had ias
claimed in claim8 in which the sudden change in electrode current
correspondi ng t 8P¢ded pp prbongharding baividd wibrBete partisles fromjeradia isdtopy. a
differential circuit or software algorithmw thin a controller. 10. A
nmethod as claimed in claim8 in which a controller neasures the el ectrode

vol tage at the i7nst ant ntetiaid dsonldirmtiinrldaas aswaivlh thenmasaoni df the ighs ihe
results obtained froma reference table and _ provides as _output signal
i ndicative of tPReI6H 4P byrexperipg thepvial of yassql shendnadentiplepriglass tanfare i n

whi ch the out UL AIGABR polor o hiraidd GIHEARYric Hielh VOl tage source i s
an

controlled by a controller, the controller nonitors signals indicative
of the electrode voltage and el ectrode current and has an out put

I ndi cative of tRQe viagl essure.. 12.. A.nethad as cl.ai in clajm§8 in

whi ch the el ect rode \%F@&ﬁ’ 55° a'Ph%p‘@od?J‘B}NE v c@mﬁeg&%&[‘a@f’ai\ﬁd f‘hﬁ"eti e
del ay between i eRrt#éeddsramipdlddsm BReioizationisRidct, utilised as a paraneter
i ndicative of vial pressure. 13. A nethod of neasuring the vacuum pressure

within a vial or vessel substantially as hereinbefore described with

reference to thg accumamid'ds HifWh "BSelain? &% VAEED RO%Waden change in

¢electrode current corresponding to the point where ionization ceases is

detected by a differential circuit or software algorithm within a controller.

10. A method as claimed in claim 8 in which a controller measures the
clectrode voltage at the instant that ionization ceases and compares it with the
results obtained from a reference table and provides as output signal indicative

of the vial pressure.

11. A method as claimed in claim 1 in which the output voltage of a high
frequency, high voltage source is controlled by a controller, and the controller
monitors signals indicative of the electrode voltage and electrode current and

has an output indicative of the vial pressure.

12. A method as claimed in claim 8 in which the electrode voltage is
ramped down at a given rate and the time delay between ionization and the

end of ionization utilised as a parameter indicative of vial pressure.

13. A method of measuring the vacuum pressure within a vial or vessel

substantially as hereinbefore described with reference to the accompanying

drawings.




14. A method as clained in claim2 in which the maxi rum voltage is applied
at the start of the test sequence to iopize the gas in the vial or vessel.
15. A nmethod as clained in claim3 in ich the maxi mrum voltage is applied
at the start of the test sequence to ionize the gas in the vial_ or es% | .
16. A nmethod as clained in claim2 in which the ionization of Waﬁ%szqg
speeded up by exposing the vial or vessel when made of clear glass to
near-tJV radi atilen prA aietlicl applaimed iwolaith 2 e wilidc thel @akinfingl .voltdge A et hod
as claimed in claim3 in which the ionization of the gas is speeded up by
exposi ng the vi PPl & dhestiart Qhibs tosharsugneedp denizeythg gas inghezial of wegseladi at i on
prior to application of the electric field. 18. A nethod as clained in
claim4 in which the ionization of the gas is speeded up by exposing the
vial or vessel Wwhen radetlrfd ad elimed asslaim haamwhich/theatiasimuomn volthgy ist 0
application of the.electric field. 19. A nmethod as claiped. in claim5 in
ShPch the Toni 2 aPRist gt ghEe st Sesiettedd i De g e viher Rl or
vessel when nade of clear glass to near-iJV radiation prior to application

of the electric field. _ .
16. A method as claimed in claim 2 in which the ionization of the gas is

speeded up by exposing the vial or vessel when made of clear glass to near--

UV radiation prior to application of the electric field.

17. A method as claimed in claim 3 in which the ionization of the gas is
speeded up by exposing the vial or vessel when made of clear glass to near--

UV radiation prior to application of the electric field.

18. A method as claimed in claim 4 in which the ionization of the gas is
speeded up by exposing the vial or vessel when made of clear glass to near--

UV radiation prior to application of the electric field.

19. A method as claimed in claim 5 in which the ionization of the gas is
speeded up by exposing the vial or vessel when made of clear glass to near--

UV radiation prior to application of the electric field.




