1 POWER SUPPLY APPARATUS FOR A CAPACITIVE LOAD FIELD
OF THE INVENTION The present invention relates to power supply
apparatuses for supplying electric pqwer 5 to a capacitive load. The
invention also relates to a method for operating such power supply
apparatuses havipg 2 capaclly g soad.sueh as anazane dgnerating device
coupled to the power supply apparatus. Furthermore the invention relates
to a high voltage transformer suitable for use in such power supply
apparatrsest INMBATREGROUND OF THE INVENTION An example of
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of the ozone generating device form a resonance circuit having a
resonance frequency. Such ozone generating devices are driven at
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openationi:te) ghstant and may vary over time and as a function of operating parameters

inciuding temperature and pressure in the supplied airfoxygen; exchanging the ozone
generating device or parts thereof, e.g. for service or maintenance, may change the

30 resconance frequency due to differences or tolerances in capacitance; and the resonance
frequency may also change with the voltage at which the czone generating device is
operated since the corena is a non-iinear phenomenon. It would therefore be
advantagecus to have a power supply apparatus which operates at the actual resonance
frequency of the resonance circuit and which adapts its frequency of operation to the

35 actual resonance frequency of the rasonance circuit.

Ozone generating devices may be operated at voltage ievels in the range of several k\,
at frequencies of several kMz and at power levels of several KW, The power suppiy

apparatus may have a high voltage transformer with a high voltage second coll as its



35 actual resonance frequency of the resonance circuit. Ozone generating
devices may be operated at voltage levels in the range of several kV, at
frequencies of several kHz and at pqwer levels of several kW. The power
supply apparatus may have a high \%oltage transformer with a high
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OBJECT OF THE INVENTION
It is an object of the invention to provide a power supply apparatus having an inductive
output impedance for supplying electric power to a capacitive load where it is ensured
3C that the resonance circuit formed by the inductive output impedance and the capacitive

load impedance is operated at the resonance frequency and .

It is also an object of the invention to provide a method of operating an ozone
generating apparatus in order to minimise the consumption of resources comprising

35 oxygen-containing gas and power supplied from the power suppiy apparatus.

v is a further cbiect of the present invention to provide a high voltage transformer with

reduced risk of arcing between windings of the high voltage coil and which is suitable



It is also an object of the invention to provide a method of operating an
0zone generating apparatus in order to minimise the consumption of
resources comprising 35 oxygen-cogtaining gas and power supplied from
the power supply apparatus. It is a farther object of the present invention
to provide a high voltage trapsformer with reduced risk of arcin cfFetwee .
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VBIRagis IR3Re kV range, frequencies in the kHz range and power levels in
the kW range. SUMMARY OF THE INVENTION 5 The invention provides
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20 haying capaciive load impedancs,such.a8,aN-029008 Qeneiating deviee,
and in artlcula{pn o0zope eneratin dﬁav\mc in. which a suitabl L
resona ecwcH orme %%sec naToil o (ﬁ%e rans ormfer.an t%:. c:ﬁpacmve ioad.
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produce a corona discharge in the ozone generating device.

Another effect is that eiectric switching neise from the switching elements is avoided
since switching is done at times with no or very low voltage across the switching

25 elements.

Such a power supply apparatus is useful for supplying electric power {¢ a capacitive

load having a capacitive load impedance such as an czone generating device, and in

particular an ozone generating device in which a suitable combination of frequencies
30 and voltages that are sufficiently high to produce a corona discharge in the ozone

generating device,

Other examples of capacitive ipads include, without limiting the invention thereto:
- reaciors for the destruction or disintegration of substances or gases, Examples of

35 gases that are considered to have a negative effect an the environment if reieased are
Haion 1301 and other gases having fire extinguishing properties, SF; and cther gases
used e.q. for thelr eiectrical properties, and gases used in cooling apparatuses,;
- piezo-electric transducers used e.g. for generating uitrascund in a medium for
cleaning of cbjects immersed into the medium;



Other examples of capacitive loads include, without limiting the invention
thereto: - reactors for the destruction or disintegration of substances or
gases. Examples of 35 gases that are considered to have a negative

effect on the environment if released are Halon 1301 and other gases
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corona discharges. Such devices are used egg for producing ozone from
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In an embodiment the resonance frequency is higher than the audibie frequency range
for humans. This ensures that socund caused by alternating between positive and

negative half-periods of voltage suppiied to the first coil is inaudibie.

30 1In an embodiment the positive and negative half-period drivers each comprises an
electronic switching element such as a solid state semiconductor switch or a vacuum
tube.

Irn an embodiment where an ozone generating device is connected {6 the second coil of
35 the power suppiy apparatus to form an ozone-generating apparatus, the apparatus can

be operated according to a method comprising controliing the power supplied from the

power supply apparatus to the oczone generating device to a predetermined power tevel;

supplying a flow of oxygen-containing gas to the ozone generating device; and



negative half-periods of voltage supplied to the first coil is inaudible. 30 In
an embodiment the positive and negative half-period drivers each
comprises an electronic switching e%ement such as a solid state
semiconductor switch or a vacuum fube. In an embodiment where an
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CET BRGPEraft P HEEOTAM 8 %Zﬁﬁ‘étﬁﬁ'&eﬁﬁt‘ﬁﬁr?@h'ﬁecontrolhng the power
supplied from the power supply apparatus to the ozone generating device

t@@aﬂr@l%%wm@ﬁque%p|@HBQ§Y%QSQJWQ OXBERCARRINNGising &

5 g&?éoatlpgwoqu g ?ratltng gtc?r\elce danqu Coqgﬁglng thr?‘grlzoevgore %:v ere the high
oxygén-containi as SO as btain a ﬁre e |ned concentration of

oYFRPrePH free %ﬂﬁﬁé'tﬁ‘éﬁéPé?fﬁ@t'aé\ﬂ%%"qfhséfﬁ%?ﬁﬁéé%?ﬁtﬁ‘eaﬁd%%rr‘ay'”9
sapphyappatratashinelude suvdransformencemprsingaiybcootecaviowace with end

vpiage Call ondhe e BRahighaliage coll Rnithe s e Whers & or pad

h| h vc%lta?gaencglldhasta Plo EHII)@ rof msulatlnglbj a[rlee%ggﬁtga]t Eosr%ackega ) e on

an overlaying arrar ement, each carrier substrate carrying an-elec rlcall

10 comAuRHIE tRateWitHend portions, the trace forming one or more turns
around the core, and a connector pad connecting an end portion of the
rAGRIAPANE HUPSIAIE 10,80 GRALPHHRN S A4TREE VK] ARRVETBYINGyer where
substrate Tradltlonal éransfogrgielrgnha e tevrvoa% orseicla )rgerg V‘thtsﬁ\{ﬁga}k adiacent
tirns in eagh ayer Pwhete an outer ia ye 5" Wound ‘around an inner ayer, )
alFPhyaE ARy e REANGFHLCH B ot B AhErSs cCHHSHE REIFArstad QOOd insutation

15 elettvizal i severad tuersicichisaieg iicesaeeriageoad Arisutatioe s transformer
bQéEV#%daéS@cﬁ%i(h%ﬂﬁ&%Qé/Qig @é@%a@@ty}ﬁ%gﬂﬁ@wﬁgﬁnﬁrlﬂigbiﬁé‘élqu;@ween

trahnssfgg er acc%g n ft g‘ue Iﬂ %nt %gr]gagoW? %Yt%rcljt%g’ﬁw%h\%lé 9e EJfference
ax mu vo ge be ween |ca ace turns o I

cOAtiasmitee ?&ﬂﬁ@%ﬁé@@%ﬁf@wﬁeeTBaWé@W%ﬁﬁa fé‘l%é‘ﬁlfcaﬁli%“aa}hé@‘rwee“
turmss, Wierinimizes tFeinskeotiar cirigdbetneerpdums, Avhibeeyha angvoltage coit
20 lifetime. of the soihcanhe wxpested Hurhernibsshigh é’i@l{@gﬁe@"@%greby it can

such aéransformer can hav%ear%g% ée ekgj r\nveasu% qu %Ionrge core

W ereeby I%C&R %é ma ecggm act, an can e manura ure I'[?’ICES{IPIm

dé‘@j"f’é@@fj ﬁPe%‘?&FoWaé@ﬁ?ﬁa?éﬁldtg il ‘ﬁi&tar‘éﬁ WBENE SR a%ﬁ’@‘tﬁ"'é‘f’“ actured
wareorehengoibioduf besomantifactured-céis:emeasit, lanckifneecb ditharentirea!

ceutﬁ%@@%ﬂp%@ﬁﬁ@%gﬁ&e@nw@ﬂw%a betg?aﬂaﬁeeacamma%e Obmposed of

>t ma(%renguglngu%a{}aa so| e}@eé( @f(lja d C0|Istt an bte u:a?d of 25 as many
Strates 5S needet accordlng ot ctlia appllc

BRIEF DESCRIPTION OF THE FIGURES

The invention will now be described in more detail with regard to the accompanying

figures., The figures show one way of implementing the present inventicn and are not to
30 be construed as being limiting to other possibie embodiments falling within the scope of

the attached claim set.

Figure 1 shows schematically a first embodiment of a power supply apparatus of the
invention,

35
Figure 2 illustrates the timing of the first and second half-pericd drivers in the

embodiment in figure 1,



BRIEF DESCRIPTION OF THE FIGURES The invention will now be

described in more detail with regard to the accompanying figures. The

figures show one way of implementing the present invention and are not

to 30 be construed as being limiting to other possible embodiments falling

Wiltip.tbe.scope of the atached.claim sot. Flaure 1 shows schematically ..
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the embodiment in figure 1, 6 Figure 3 is a cross section through a high
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> Ube B T HRE i ARstorRerin figure 3. DETAILED DESCRIPTION OF AN

EMBODIMENT In figure 1 is shown a power supply apparatus 100 with a
|0 806 hawEpgRAHDEN PApedareemitttaTcapacitive component C and
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céib%léﬁ?\?@qcfé_’& é’@)@)qg %g@ﬁg@fgyﬂer 110 has an impedance W|th an inductive

component L and possibly also a resistive component R. Thereby the compiax
impedance Z is of the form Z = R + julL. The capacitive load 300 is detachabily

25 connected to the second coll 130 of the transformer 110 to form a resonance circuit
with & resonance freguency f. determined by the capacitive component C of the

capacitive lcad and the inductive component L of the second coil 130 of the transformer
110 in accordance with the formuia f =1 /27+/LC . The transformer 110 aiso has a

third coll 140 connected to the controlier 160,

30
In figure 2 is iliustrated the operation of the power supply apparatus 100 in figure 1.
The resonance circuit formed by the capacitive load 300 connected to the second coil
130 of the transformer 110 has a resonance frequency with a corresponding period T.
In a first half-period the controlier 160 controls the switching element 151 and the

35 switching element 170 to close, whereby electric current flows from the DC voltage
source through the inductive coil 150 and through the centre tap 121 into the upper half
of the first cofl 120 and through the switching efement 170 to ground. The inductive coil

150 and the inductive impedance of the first coil 120 of the ransformer 110 have the
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25 connected to the second coil 130 of the transformer 110 to form a
resonance circuit with a resonance frequency f, determined by the
capacitive component C of the capacitive load and the inductive
component L of the second coil 130 of the transformer 110 in accordance
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ormer 1 ave t that this current does not rise
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drawn ttﬁroug the diode 1 rat er th a rom the D voltage source. .
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resenanse heausnaydhissvoliage NasoHecieased tezetortheranishinguency this
elements 170 a%ng 180 are both controlled to change their state so that

site Sn%giser%)ment 170 is opened and switching element 180 is closed,

and the next half-cycle begins. Electric 10 current flows from the DC
voltagetssurce throadredherinddetivenceil #B0tame wvsugte tetagentrvertee open
12d-intatbedawanhaltelthe firstaninging<20-ancHibroughdhe switehingnair-
cgmen 3@940 AR e AIFLANGBELREATL I SICN LB TENE 3 K hace.

ntr to open, an t e current in the lower half of the first windin
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process IS repeate he actual resonance requency determlnes the tim
V\/ﬂ%tﬂ?e‘:@ﬁqfa&% 6@&%!‘%5%5 zero crossings of the voltage sensed by the thlrd coll

140, at which times the switching elements are controlled as described above.

The period t in which the switching element 151 is closed can be varied, and the
switching eilement 151 may be controlied to open e.g. when the current has reached a
predetermined level. Mereby e.g. the average value or the RMS value of the voltage on
the first and second coiis can be controlied, and hereby the power delivered to the load
can be varied. The maximum duration of the period t in which the switching element
151 is ciosed is ¢eterminad as no more than one quarter of a period T corresponding to
a predetermined highest resonance frequency at which the apparatus is designed to

cperate.

In case of disconnection of the capacitive ioad during operaticn of the apparatus the

resonance frequency will increase, which might cause undesired operating conditions, in



20 one of the switching elements 170 and 180 is zero, which happens

after each half- period, which is when the switching of switching elements

151, 170 and 180 is made. This timg is determined using the third coil

140 on the transformer. The coil 140 senses a voltage which is in phase

uith thevaliage over the open gnc,of he switehing, elements 470.80d ...

1%?& Which In particular means that zero rossings occur 25
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valtags senrsed iy dhedhird el AidReatudichinesdhe sWHCHIRG: the apparatus
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element 151 may be controlled to open e.g. when the current has reached
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predetermminga highedtagisoridrice freguencyzst wikthrthsapeg atus ésterminals of
designed to-ppesate. In case of disconnection of the capacitive load
during operation of the apparatus the resonance frequency will increase,

which might cause undesired operating conditions, in 8 particular if the ‘
STifers P e mABRRd e Bperattialt KoM istifandeable for use in the
15 fraguedicies: in foyder 10 dvoidissfohnconilifions a maxibfumaspetitibnl two
frequensy, hascheen setiosdherpssatiomahtheawiichda kol Bishg each other and
meximum repetiion eauency,gottespands (o6 predetermined ighest agie
resonance%requency at which the apparatus 5'is gsugne to operate or _
SIS PRRS &6 SHBRIERAN G ON hatErmfiRary 6F e Sedoidtdatl >0 s
130 whdrvgaapetiaiticn. o ftive plapparatus ditfdesireticoperatisgroonditigngoitage coil

20 MHEHTBIRO-BliRE:ID RakticHIargh Irents N thefisst andsaeerd ¢Rilsof coi
the fransformer. The opening of the switching element 151 10 when the

current has risen to a predetermined level limits the current that can be
drawn from the second coil, which is useful in case of short circuiting of
thegtermisalsvefathegecomdreaif 1180irEigdre 3 stews an eibedirmentrefigiormer in
high voliageidransiorpier ba0-stikablerfor eRdnthe i RMROMIREN Wit a central
s O AP eL e AR S0 S D S
afgntrai opening 601. At the outer end portion 611 the eiectrically conductive trace 610
has a connector pad 612 on the same side of the substrate 600 as the conductive trace
610, and at the inner end portion 613 the eiectrically conductive trace 610 has a
connector pad 614 on the opposite side of the substrate 600 with a through-going
30 connection. The conguctive trace 610 can have one or more turns around the central

opening 601,

Figure 5 shows another embodiment of the individual turns of the high voltage
transformer in figure 3. A flat sheet or substrate 700 of an electrically insulating

35 material with a central opening 701 carries an electrically conductive trace 710 forming
a loop around the central opening 701. The structure in figure 7 is a mirror image of the
structure in figure 6, except that at the outer end portion 711 the electrically conductive
trace 710 has a connector pad 712 on the opposite side of the substrate 700 with a

through-going connection, and at the inner end portion 713 the electrically conductive



thus in magnetic contact with each other. Their outer legs are shorter than

the middle legs whereby air gaps are formed in each of the outer legs of

the core. A first coil 510 is wound on a bobbin 511 and placed around the
middle leg. A second, high voltage coil 20 520 comprising two half-coils
With.0geell-coll placed on.einen,side, of e fiat Al SAB-FIOUSS o ne
shows an embodiment of the individual turns of the high voltage

tERRSRSTHR R glite ReARAUshisat BIce b ShER BDE SPaRelRRIFCAIRF around the
imsutagingenatgfial with a central 25 opening 601 carries an electrically
conductive trace 610 forming a loop around the central opening 601. At

the outer end portion 611 the electrically conductiv: ce 610 has .

5 R sl B e S S ORI By swsaans
cOIFRITIEH08 THaeE 600 Ahanst TRE iMfs ént Bortich B3t HbAeRsctrIcay o a first
corttictive ttace=6 10 diéesy srcconaestorpadiél dadr tHendip pesite: sice ofttlkepad
substrate 6QQWIth-adreughigoing30canngetian Jhecandustive irastering. The
540.cpnhave one.qr more funs Aound (e centralppening Q0L FIBHE By form
shows another embogdiment of the individual turns of the [o} voﬁtage
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insedating 8% niaterial veitle @ 66atrdtlopeniad 702 tatridsentetectdcally), and the
capdugtive iflga&ed@l@ EHM@g:oarlea@cﬁémﬁwcme ﬁe@%?da?@@mangme e a coil
structure in figur s a mirrar image, of the ctur igur. except
R R T R R L3 e e S
aAHSRTREBY FadeTT26R tHE S pRYsTRSsiden o the Slibstrate 700 dithoaage colf 520

15 thrfothghirg osfig roen At ttom raisdsatvth @ afiner e mdhigb rtrom 28 rtre eldettivallyn figure
cenduchiye Jiifgee A1 basa aannestardad {14 e ihessamersife kthgse of the
sgggst{g% 5700 as the conductive trace 710. The conductive trace 710 can
have one or more turns around the central opening 701. 5 In figure 3
each of the half-coils of the high voltage coil 520 is composed by stacking
alteenditing substrates=600ranty 700 \Whenteasab straten600 (stpleeeetion of the

20 toRQfr A firsh eitb sl e £ Q0 dn N6 YeEAYINg e angere Rt the e Bl dewwitl
bngtl)JSSC'E_ &leaove the pad 714, and the two pads 614 and 714 can be
connecteé'electrically, e.g. by soldering. The thus interconnected traces
610 and 710 on their respective substrates will thereby form 10 two turns
ohloopstanouhdithe eentdihoperingszhsecond substeaea T30 esritembeve will
placeg-endonr o thasuhsiaie 600 thithe padeA? st akovesthe prGrequency

256%8122’1 %nPSth%St\QI!Q p?g% gijé% ﬁgsd tZ% %f?gc@ g%tc&%nsel%eoq FAS %trralggi‘lyr!wnerthc%re can be
Same mannér (o form a coll

reduced in comparisen fo the size required at lower frequencies.

For high frequency purposes Litz wire is used for the first coll 510. Litz wire consists of a
number of insulated wire strands which may be twisted or woven together. At high

30 freguencies the electric current wili flow in a surface layer of a thickness which
decreases with increasing frequency - this is the so-calied skin effect. At 20 kHz the
skin depth is about 0.5 mm in copper. At the air gaps in the auter legs of the
transformer the stray magnetic field may influence the first coll 510. The use of Litz
wire reduces the eddy currents in the first coil 510.

35
For high frequency purpeses a laminated transformer core or & ferrite core can he used

to reduce or eliminate eddy currents in the core.



with three turns. In this way several substrates 600 and 700 can be

stacked alternatingly to form a coil with any desired number of turns. The
high voltage coil 520 15 of the transformer 500 comprises two half-coils
which each are made like this, in figure 3 the high voltage coil 520 with its
thus stac strates is seen from the edge.of the, substrates, The.
AL S0 The Mg donir D e TR befcumyy
thEeO S UB BB S HEGRITDR: 1B B e REBRI fo BRERNEartiHy B etvaRn discharge
trésesonadjacenbrsupstiatesnAs mentionetls inf dneemisotliimedt the air gaps

OzZQRe GRNerating,apRatatils descrhed.ahove Wil hropsratad Atst coil 510 to the
frataiguaenC|e E‘r{%m eg‘ior humans,.e.d. in the fre

s above the audib] 0. uency,. 2
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5. hignwire mansistscod s patnberpfdnsidatedwvine airaads waHet iR ted to the
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_ with increasing
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about 0.5 mm in copper. At the air gaps in the outer legs of the

transtarnenthecsirayvmagnetcdieldnay priuence the: finstLoil2de Theseded or

;Jlgreeggrl Iete \é)vrlr%ég‘ggg‘legdth%i do %ggg rergr%?éaﬁ%hn%g.r% call 5%%6%9@%9%%%%? the

equéency purposes a laminated transformer core or aferrite core can
uleY FOYEGEE I RIIMATS 0Ty CUPRYAS THAPIELHRM 16 PRYYotePBhapraratus
15 5@8thasaingapsintine tutee legon8uidtdastransforhienis pertieiganiped vield of
usefHLipnte BuRRbHoaESthah exkibinagalyadesistanag e AR O of
discharge dovices used for ozone production Inan.app Eéfﬁufsm% e cower suppl
invention. At the alrggaﬁ/g there will be a magn%tlp strayaie d, and ﬂ1epre s SPPY
A RREARILE TOMPTE R SPERRAGIO e 53NGARS AT IR PRt aReBRtHeand of
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and power levels of several kW as are handled in the apparatus of the
invention the magnetic field would dissipate considerable power in all
iREEP PAME S ISFEEIEANEINE "SRR PREISHEIER ThetRi6RE thdtdht fpecified
keepthersinay fieldoahthall peetafiitrd@iconhpoentsrsepardientEhis the presented
AN HHERSHESIRAL present invention is set out by the accompanying ciaim set.
25 1In the context of the claims, the terms “comprising” or “comprises” do not exciude
other possibie elements or steps. Also, the mentioning of references such as "a” or “an”
etc. should not be construed as excluding a pluraiity. The use of reference signs in the
claims with respect to elements indicated in the figures shall alsc not be construed as
limiting the scope of the invention, Furthermore, individual features mentioned in
30 different claims, may possibly be advantageously combined, and the mentioning of
these features in different claims does not exclude that a combination of features is not

possible and advantageous,



10

In some applications where ozone is used a predetermined yield of ozone

is needed or prescribed, or the required yield of ozone may change. In an
embodiment each of the flow of oxygen-containing gas and the power
supplied from the power supply apparatus 15 to the ozone generating

d&\éigﬂes is controlled so as to obtain a predetermined yield of ozone from

thie 0Zone generating device and so as to minimise the consumption of
resources comprising oxygen-containing gas and power supplied from the
powemstipplyf apperdty s rldme oo ptrotreaindaripassdsorn @ prisithe anaticals
naedelpitheaprRa@Hs-aR00h the.Brecess Inphidingtheaiglitahantkcrric power

experimental data and may alsq inglude.actual 20 measyrements of
relevant daarameté)l%‘%o? (36 e.g.ina eedbatk control system. Although
theepreseef FAeRitoPChas been described in connection with the specified
embedimerts;if\shoaltlovotbexgoastcoeciasbeisgtinthapavay fimniteetity device,
the presenteghexpnanriesndhessarr ot thereseniinwenian & iagterbByer
the accomparéyéitrtle% claim set. 25 In the context of the claims, the terms
"comprising comprises" do not exclude other possible elements or _
step& ORISH StREYRIHHRMNRY OF SRS B ERS EOER 48N =Hhe dRYIstEC didaighte &
not he-eenstnieddasexcfudinged phartifyezPhe gseotraferencesigns os to
the claimsdwithoresnestioslementyindicated s thefigresshalhAleQaing
be conatrpgg aﬁ@mmh@e scope of thae invrertngiSon. Furthermore,

individual reatlres mentioned'in Séj%?ll'ffergﬁ?cﬁalms, may possibly be
advantageously combined, and the mentioning of these features in
different claims does not exclude that a combination of features is not
possible and advantageous. 11 Claims: 1. A method of operating an

ozone generating apparatus comprising an ozone generating device
connected to a power supply apparatus for supplying electric power 5

from the power supply apparatus to the ozone generating device, the
method comprising: supplying a flow of oxygen-containing gas to the

ozone generating device, controlling the flow of oxygen-containing gas

and controlling the power supplied 10 from the power supply apparatus to
the ozone generating device so as to obtain a predetermined yield of
ozone from the ozone generating device and so as to minimise the
consumption of resources comprising oxygen-containing gas and power
supplied from the power supply apparatus.



