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Rot henbach Hi gh-vol tage generator, in particular for use as an interference
frequency generator 10 The invention concerns a generator as set f0drt&d 7066
the classifying portion of claiml. A high-voltage generator of that kind
s known in particular in the formof the so-called Marx surge voltage
circuit in which firstly a nunber of capacitors connected in parallel are
charged up &2 1BIENWEN t ched in series 15 across spark gaps in order thereby
to apply a dw/nespondingly nultiplied voltage to a test path across which a
fl ash-over possibly occurs. The high discharge current flow fromthe array
of capacitors, which is linked to a voltage flash-over, gives rise to

hi gh-freguency em ssions which as is n in turn_in_their environnent at
| east adger sel y af Piehl My&i%mﬁ?ve%‘%mﬁfeﬁp%@ ﬁédgphga ethanbachat t he
I nput side can interfere with or even destroy electronic circuits. That

effect of a powerful spark discharge is propagated as a non- |ethal weapon,
nore specifically as aHigistvuottaioergenaratarpiupgrticast fasrusgyasiarh  or even

destroyi ng hostile commruni catiQn .pr e Pl EGEL, 25 Issue
7/ 1997, pages 53 ff, end of theﬁfﬁ#ﬁC%&ﬁé‘ﬁ%er“(égrﬁe%ﬁ%%gﬁ | eft-hand col um on
~page 54). A high-voltage interference generator of the general kind set

forth is_ known fromDE 199 59 358 Al in the form of 1ran RF_-raHji ation source
which 18 const r uBR@ dNYRNEORLARMGE B R i9ENRERLRr <3 S8 forthr unt thyidassifying

aut ononousl E’F?Qio‘ﬁp@ﬂ’@ita'ﬁrﬂgl.hi gh-energy generator, wherein primary energy
di scontinuodsly feeds an antenna system by way of a voltage-boosting nodul e

and a discharge Aadigb;voltage czaneratasnef thathkigh isekadwof inpwasticalarpint thower
mon b lee RO AP B O ot et BREAGE HREDG R 5Bl itk 5
FEB 2006 capacitors connected in parallel are charged up and then switched in series
15 across spark gaps in order thereby to apply a correspondingly muitiplied
voltage to a test path across which a flash-over possibly occurs. The high
discharge current flow from the array of capacitors, which is linked to a
voltage flash-over, gives rise to high-frequency emissions which as is
known in turn in their environment at least adversely affect radio
20 communications and in particular at the input side can interfere with or
even destroy electronic circuits.

That effect of a powerful spark discharge is propagated as a non-
lethal weapon, more specifically as a system for sustainedly interfering with
or even destroying hostile communication procedures (see DER SPIEGEL,

25 Issue 7/1997, pages 53 ff, end of the third paragraph of the left-hand
column on page 54).

A high-voltage interference generator of the general kind set forth is
known from DE 199 59 358 A1l in the form of an RF-radiation source which
is constructed on a modular basis as a series circuit, with an autonomously

30 operating high-energy generator, wherein primary energy discontinuously
feeds an antenna system by way of a voltage-boosting module and a
discharge cable, in order to emit a high level of pulse output power in
frequency ranges above 100 MHz. A piezoelectric generator which is acted
upon by explosive can be provided for the primary energy supply and the



2 vol tage-boosting nodul e connected on the output side of the piezoelectric
generator can be enbodied in the formof the Marx surge voltage circuit for
the function discussed in the opening part of this specification. Puj$B3 706
generation is inplenmented by the provision of a cable pulser in accordance 5
wi th Vedenski, which dependi ng on the respé&ctive circuitry configuration
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pi ezoel ectri ccelolfewm the waedo thaeemitiagt widerbagdeagleriut. sItomtllab@mftekd dhpt or

the |i ke non- | hear el t ,for pro ucin rr band, hi gh- f requenc
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function or d even be ocke ven t he production o
in the case ofudabledpoestetiondry opergtioRr in accordance with GB 1 554 332 A

mechant cal Iy |n opsbe PEdiPL et ol e Rual B Pl HedPon sffest & 1 n
paral | el 1#hd pbded higle-feefueticy piondly afe 30 bephaducad forubbiedyidentifestioneat | y
bi ased hanmer |n order . of a _throttle to feed an external |y di.sposed
spark gap as & 8g§thm éﬁt\%}lgﬁﬁgeeiectncapenergy is avaqable 1%r the genera¥or circuit
and therefore, in accordance with WO 98/36395, a primary energy
transducer employing for example the piezoelectric effect is used. The
electrical energy acts on a spark gap or the like non-linear element for
20 producing a narrow-band high-frequency signal which for example can be
coded by means of the reflection pattern of a surface wave filter and can
then be emitted as identity information. If energy production were to give
rise to considerable interference radiation, then the coding circuit which is
to be powered from the piezoelectric system would of course suffer from
25 interference in respect of its function or would even be blocked.

Even the production of a lighting flame in the case of a piezoelectric
lighter in accordance with GB 1 554 332 A with its two piezoelectric pillars
which are arranged in series mechanically in opposite directions but which
are electrically connected in parallel and which are acted upon by a

30 mechanical pulse by a resilientlty biased hammer in order by way of a
throttle to feed an externally disposed spark gap as a gas lighter have
nothing to do with the problems of a high-energy interference pulse
generator of a compact structure. That applies in corresponding manner to



nothing to do with the problens of a high-energy interference pul se
generator of a conpact structure. That applies in correspondi ng nanﬂ%rpﬁo 8
O FEB 2006 3 the starter spark plug, which operates on the sanme pri 'ﬁlé”ﬁ
for an internal conbustion engine, with cylindrical piezoelectric elenents
whi ch are disposed nechanically in series3in opposite relationship but
which are electricall ecte arallel, in accordanc
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interferance aﬂmnatsmesgeetw dispased idyinentdlt pidzeaRiagic @em“élmg ey patsdds
attai ned by the essenti al aturiqs of t e |nv§?r}t|on whi_ch are recited in
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nutual |y aligned atlon ut connecte rically in series In
opposite rel aanwth;hgpn regakd 26 aplivuibing theuBinggion ofi aaneadethal syeapargwhich
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gener at ol Swhi eadiatiofhl ange- mounted to the hou5| ng at the end. In each

piezoelectric pill %e or])aectrgéttf'\e mvlantlon |s%o provide a weapon of that kind, which
can be used autonomously in terms of its energy supply and universally in
respect of its dimensions, and which is particularly effective in respect of its
interference radiation spectrum and its emitted energy.

20 That object is attained by the essential features of the invention
which are recited in the main claim.

In accordance therewith two longitudinally polarised piezoelectric
generator pillars are clamped in position in linearly mutually aligned
relationship but connected electrically in series in opposite relationship, in a

25 tubular housing with a radial spacing relative to the internal peripheral
surface of the housing. Within the housing those pillars can be axially acted
upon by at least oneé shock generator which is flange-mounted to the
housing at the end. In each piezoelectric pillar that results in an axial
charge displacement, that is to say it results in a voltage being built up

30 across the two ends thereof. However, because a substantially equal
electrical potential always prevails as a result of the anti-series connection
at the mutually remote ends of the pillars and thus at both ends of the

housing, there is practically no danger of a voltage flash-over between the



charge di splacenent, that is to say it results in a voltage being built up
30 across the two ends thereof. However, because a substantially equﬁaé FE .
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the electrodes, that is to say parallel to the central longitudinal axis of the
housing. Such spark flash-overs which take place in mutually overlapping
relationship in respect of time and in respect of space in the centre of the

20 housing give rise to current flows, which occur with a correspondingly steep
edge, through the electrodes, and they therefore result in a microwave
interference spectrum which is desirable as it is of very high power and of
extremely wide band width. This has an even higher harmonics content if a
stationary insulating fluid filling of the housing is omitted and instead the

25 discharge is already abruptly interrupted again after a short time for
example by blowing air under pressure into the flash-over space.

Preferably a pyrotechnic gas generator based on the propellent
powders which are readily available in the technology of barrel munitions or
airbag propelient compositions and which in turn can be pyrotechnically or

30 electrically initiated serves as the shock generator for subjecting the
piezoelectric pillars which bear against each other to the effect of
longitudinal pressure. In comparison with an explosive-operated shock

generator which in principle can also be employed in the context of the



exanple by blowing air under pressure into the flash-over space. Preferably
a pyrotechnic gas generator based on the propellent powders which arg@ FEB 7005
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interference spectrum, due to the dimensions involved, mean that narrow-
band effective gaps, that is to say limited frequency ranges occur, which
suffer markedly less interference. Therefore the radio communications of

20 one's own forces can be maintained in those narrow bands while in other
respects wide-band interference is effectively implemented.

In order to describe in greater detail the invention and the possible
options afforded thereby and in respect of further advantages and
modifications of the described arrangement, attention is directed to the

25 further claims and to the description hereinafter of a preferred embodiment
of the invention which is diagrammatically shown in greatly abstracted form
but approximately true to scale as an axial longitudinal section, being
limited to the essential features involved.

The generator 11 shown in the single Figure of the drawing serves

30 for shock-induced production of high voltage which is discharged as very
wide-band interference frequency radiation. The generator 11 includes,
coaxially and radially spaced in a hollow-cylindrical housing 12 which is
extended in a tubular shape, two high-voltage pillars 13 (13.1 and 13.2)
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space 24 for a small can-shaped gas generator 25 of a diameter which is

very small relative to the piston 21. In axially opposite relationship,
opening into the receiving space 24 is a firing passage 27 which starts from
20 a pyrotechnic firing element 26.
The firing element 26 which can be initiated for example by way of
mechanical piercing or as indicated electrically by way of connections 38,
with its firing passage 27, is disposed in a closure member 29 which can be
releasably secured to the receiving space 24 for the gas generator 25, for
25 example as shown diagrammatically it can be screwed coaxially on to the
wall of the receiving space 24. The receiving space 24 is in turn disposed in
a central connecting portion 30 in front of a hood 31 which contains the
cylinder 23 and which, like the oppositely disposed end portion 19, is
connected to the hollow-cylindrical wall 32 in such a way that it can be
30 axially loaded, for example being screwed thereto directly or by means of
clamping shafts which extend parallel to the axis of the arrangement.
In order to avoid parasitic flash-overs at field-concentrating
structural edges, the piezoelectric pillars 13 are of smaller diameter at their



20 a pyrotechnic firing elenent 26. The firing el enment 26 which can be
initiated for. exanple by way of mechanical piercing or as indicate@§ FER 7805
el ectrically by way of connections 38, wth its firing passage 27, is

di sposed in a closure nmenber 29 which can be releasably secured to the
recei ving space 24 for the gas generator 23, for 25 exanple as shown
diagrammatically it can be screwed coaxially on to the wall of the
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coupling portion, then however lifts aWay from the internal wall 35 in order
to extend inclinedly radially towards the coupling portion 15. That freely
protruding end edge is thickened and serves as a spark electrode 36 for the
20 radial flash-over region as a spark path 37 towards the coupling portion 15
and for an additional axial flash-over region (spark gap 37) towards the
axially opposite electrode end edge. As diagrammatically shown the
respective electrode 34 can be in the form of a thin-walled hollow cylinder
whose diameter decreases towards the end edge in the manner of a
25 truncated cone. Instead of a closed wall however the electrode 34 can also
be mounted on the internal weall 35 of the housing, in the form of a
conductive lattice or in the form of a group of bars which are parallei to the
axis and which extend in a radially bent configuration towards the end
edge.
30 A respective mounting end 37.1 and 37.2 of the electrodes 34.1 and
34.2 respectively, which end is in axially opposite relationship to the end
edge and which is enlarged in a stepped configuration outwardly to form a

peripherally extending collar, is disposed axially in front of the



coupling portion, then however lifts away fromthe internal wall 35 in order
to extend inclinedly radially towards the coupling portion 15. That fyrgeetay g
protrudi ng end edge is thickened and serves as a spark electrode 36 for the
20 radial flash-over region as a spark path 37 towards the coupling portion
15 and for an additional axial flash-over8region (spark gap 37) towards the
axially opposite el ectrode end_edge. As diagranmatically shown the
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upon firing of the spark gaps 37, even nore intensive. 10 In“order to bring
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t he can-shaped "housi of " the’gas enerator coaxiall'y~Tinto
the recel¥i n@rmgaelerﬂém ﬂsopqoflmeﬂeon, by means of a screw or bayonet fastening.

The firing element 26 reacts for example to electrical initiation and then in
turn, through the firing passage 27, activates the powder filling in the gas
generator 25, Considered in qualitative terms, as is known for example
from airbag initiation (see PCT/EP93/02550), a large volume of combustion

20 reaction gases is produced, which issue through a thin passage into the
cylinder 23 which in comparison is of very large diameter, and abruptly
accelerate the piston 21 which is of correspondingly large area and which,
by way of the ram 22, applies a longitudinal pressure pulse to the two
piezoelectric pillars 13.2, 13.1 which are disposed coaxially one in front of

25 the other, by way of the central coupling portion 15 thereof, in relation to
the counterpart inertia mass 17.

Because the two piezoelectric pillars 13.2, 13.1 are disposed
electrically in series in opposite relationship, so that identical polarities and
practically equal voltages respectively prevail at the head ends 14.2 and

30 14.1 on the one hand and at the foot ends 18.2 and 18.1 on the other
hand, no discharge phenomena occur either between the -electrically
conductive ends of the housing 12 or even only initially between the spark
electrodes 36. On the contrary the potential difference of the respective



relationship to the cylinder 23 and then the closure nenber 29 with the 15
firing element 26 is fitted on, by neans of a screw or bayonet fastehi @B 2005
The firing element 26 reacts for exanple to electrical initiation and then
in turn, through the firing passage 27, activates the powder filling in the
gas generator 25. Considered in qualitati%e terns, as is known for exanple

fromairbag Lpnitiati 9 , | arg 0, f C tion 20
reaction gas@éézltose%‘#tg@ué@%? \ljl\)ﬁlI é{% ?‘s%ag ﬁ% o%%ﬁ"%”t ﬁ?% péags%agg Pi %ng
cyli Inder 23 \?Gi' 2/B6.1 omtp%cm@hahs a;m‘d myommrr%epdnrt&frruﬂ on aihek eﬁbfeéimmir}d,h
accel erate the piston ch.is of correspondin ar ge_area an ich,
by way of théor'%ﬁl%ffre%ﬁ gbéaqépq &Y&N%oqhﬁdﬂgrﬂdé' S Basla-ques, thgs is

pi ezoel ect ri gopidy éfs%hé&_z;@,ofjtﬁelpiéf&éiéttﬁtevdi&aﬁé?ﬂ:ﬁﬁm%amiﬁHI% &MEné of fthent

of 25 the other, by way of the central coupling portion 15 thereof, in
relation %o tWWera%aHVe@rpgm&edi fleait gapasy WhiclBacgudisppredtifoayiady odpsayri c

pillars 13.2 | el ect i | T i ' :
Fel at onshi p ol iaera BaRR i SpERdtherln tng RSS2 Po PRt Edrely e
respecti vel ythemmadtdr athd hetheadsparils gep 232ndIRD fided om tthat opeehanideand
at the foot ends 18.2 and 18.1 on, the other hand, no, di schar phenonena
occur either .eﬂgfr\?é'é'ﬁerﬁme?@?'éccw'ie(f’él ﬁl]cg)/v, e!@?{%c@qrwp&m”% ?ﬁ%&ﬁ)ﬁug?% BUS or
even only i nigriah iy st yReihrbRRe8NAldespattest ERFEE SthpBugRMtH8l&c®Rideaar ¥4 he
potential difference of the respective 0 B FEB 2086 9 piezoelectric pillar
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which take place differently due to random factors across the radial spark
gaps 37 immediately result in a potential difference between the two spark
gap electrodes 36 and then because of the already ionised environment
20 they also immediately result in superimposed spark flash-over along axial
spark gaps 37 directly between the free end edges of the two electrodes

36.
A desirable time extension of the emission interval is afforded by
virtue of the fact that the mechanical build-up of pressure in the
25 piezoelectric pillars 13, by virtue of the combustion characteristics in the
gas generator 25 and the conversion of an increasing volume of gas into
pressure in the cylinder 23, takes place in the millisecond range and thus
extremely slowly in comparison with the spark gap switching processes.
The consequence of this is that, with a progressive build-up of pressure,
30 the arrangement provides for repeated fresh firing across the spark gaps
37 and thus affords microwave emission which occurs for a longer period of
time. As already mentioned the spark gap current flow and thus the high-
frequency emission effect is further enhanced if, at the ends 33 of the



oriented radially with respect to the |ongitudinal axis of the system _ A
results in the build-up of nutually superinposed, strongly oscillabirg? 2lc
el ectromagnetic fields and thus intensive mcrowave emn ssion which is of
very w de-band nature by way of the short switching processes across the 15
short spark gaps 37. The spectrum of the ¥ crowave enission is still
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spark gaps 3fjl@rrest!|y between the free end edges of the two el ectrodes 36.
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generator 25 an e ‘conversion of an Increasing vo of gas in
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extrenely slowy in conparison with the spark gap sw.tching processes., The
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t hus affords m crowave em ssion which occurs for a |onger period of tine.
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spark gaps 27, they are equally suddenly brought to an end. That can be
15 closure"member 29 can be provided in the manner of a revolver with a
displaceable or rotating arrangement of a plurality of mutually displaced
gas generators 25 together with firing elements 26 which are simply
advanced to the next unconsumed element. Such additional prolongation in
respect of time of the microwave emission advantageously increases the
20 interference effect thereof.

In brief terms therefore the invention affords a very compact
powerful interference frequency generator 11 by virtue of the combination
of a mechanical pulse generator 25 with two piezoelectric pillars 13 which
can be mechanically acted upon thereby and which are electrically

25 connected in series in opposite relationship and which are preferably
disposed axially in succession and which, with their ends 18 that are then
remote from each other, are connected electrically conductively to
electrodes 34 which extend parallel to the piezoelectric pillars 13 as far as
an electrically conductive coupling portion 15 in the centre of the housing

30 between the piezoelectric pillars 13 where they end inclinedly towards the
coupling portion 15 as spark gap electrodes 36. The discharge which
initially starts only with the voltage of one of the two piezoelectric pillars 13
across a radial spark gap 37 and which immediately thereafter rises with



inplenented in a relatively sinple manner if inert gas or sinply conpressed
air is blown through the annul ar space between the el ectrodes 10 34df€g %?ﬁf
pi ezoelectric pillars 13. Radial |ine connections can be introduce E ¢
t he housing 12 for that purpose, in front of the ends 33, although such

connections are not shown in the drawing. 1iIn order to again activate the two
pi ezoel ectric generators 13 imediately after term_nation of the discharge,

the hood 31 WRYPIENENe MOIATEsBEOSHEAbEXBFRRRK IRP pH/oPElREeNnthh EIeRRAESS of
a revolver wHidja. BGpl pekal B QK gb@\?e'rﬂﬂ, 3rbabELBBAlIaBhglcfirehes ithyoRfh
mut ual Iy di splaced gas generators 25 together with firing el enents 26 which
are sinply d4beaslastirades Bé thakt- eveondthmd ettenealt additiomaddhtenopal at the
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11 by virtue of the conbination of a nechanlcaI\FuIse generator 25 with two
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centre oigt heomediidrooBthdfeirmatfot BRawiphe obhegiafcasani | |l ars 13 where they end
inclinedly towards the coupling portion 15 as spark gap el ectrodes 36. The
di scharge which initially starts only with the voltage of one of the two

pi ezoelectric pillars 13 across a radial spark gap 37 and which inmediately
thereafter rises with 0 6 FEB 2006 11 double the voltage across an axi al
spark gap 37 between the electrodes 36.1 - 36.2 results in such powerful,
strongly oscillating currents through the electrodes 34 that - even w thout
external additional antennas at the ends of the housing - an extrenely

wi de- band m crowave spectrumis



5 extrenmely powerfully emtted. As therefore the conpact el ectrode structure
itself acts as an integrated antenna this overall systemwhich is oé &5 .
conpact structure as it is resistant to flash-over represents a mc ol g1t
radi ating device which is self-sufficient in use, with an integrated high-
vol tage generator, which can be disposgd and operated inconspicuously in a
10 container of the format for exanple of a briefcase. 0 8 FEB I'M 12 CLAI M5
1. A high-voltage generator (11), in particular for use as an interference

frequencymtor (11), with piezoelectric pillars (13) for the
conversio chani cal pressure into electrical voltage which can be

short- circuited by ways of spark gaps (37), characterlsed in that, in
series wwth a nmechani cal pul se generator g in a holl owcyli ndri cal
housing (12), flwo P dngmveﬁagecgpnenaé@rs (11B) lrarmrbc@larrfoafausq asnakcted in

coupt i ng. BOPRRERCE Ebauof BReRaRY (TN afln BleseRiiiht Wt CRIHE Y om e

ends of t Benvdrsion 6f EkdhahithP ptdisuré attb @ledtfiching! hieh & be®hoftl5) and
here end as s%drjk el ectrodes (36) for spark gaps (37) towards the coupling

portion (EBguitaebyevase af sRark gensr(37). chargeteénsatidn thaboindseries with aim 1

(25) “whoslEba el Pilisg MendffioriRs]oin B hefoRehindic, houdng B A ME S oc. 1
pillars (pibzdeletlic Pilars. (18)gener sleetricallg otshrttéd ®l dered v p@sn@2
characterised in that provided at an end (33) of the housin for

axially dT@Eﬁ'MIW Wébfé?fv@'h@%ﬁ”%!bft WM‘)’&@W"BQIP%@F (3§h)alon9n o which
opens a r |H5'r%e§$%§§eégﬂ(b4§ Utethd % %d'end %%f Oé"l%ré’ ?g at or

(25), whic Interc angealy Wt ure

cont ai ni ngegaonmof@hecbupﬁng iportign ()ecachhe(e2épd ab swameeiecabdes @3@)01‘0@!1 ng to
one of the precedi | ai char terised in.that its puls nerator (25)
SCts at - nSRBHGRS Cita toRary they oumips drorion| ) and batestieath Shekm ( 20) o
t he piezoelectric pillars (13) Whl ch , at the axially opposite end (33.1)

of the housing, are supported in relation to
2 A generator according to claim 1 characterised in that the

mechanical pulse generator is a gas generator (25) whose reaction gases act
by way of a piston (21) on the piezoelectric pillars (13.2, 13.1).

3. A generator according to claim 1 or claim 2 characterised in that
provided at an end (33) of the housing (12) for axially displaceably receiving a
piston (21) is a cylinder (23), into which opens a receiving space (24) for a
gas generator as the pulse generator (25), which can be fitted
interchangeably with a closure member (29) containing a pyrotechnic firing
element (26).

4, A generator according to one of the preceding claims
characterised in that its pulse generator (25) acts at a housing end (33.2) by
way of a piston (21) and of a ram (20) on the piezoelectric pillars (13) which ,
at the axially opposite end (33.1) of the housing, are supported in relation to
the tubular housing (12) by way of an inertia counterpart mass (17) and an
end portion (19).



t he tubul ar housing (12) by way of an inertia counterpart mass (17) and an
end portion (19). 0 8 FEB 2000 13 5. A generator according to one of the
preceding clains characterised in that a centrally constricted coupgkpgzmﬁ
portion (15) is provided as a spark gap el ectrode between the linearly
aligned arranged piezoelectric pillangg (13.2 - 13.1) which are electrically
connected in series in opposite relationship. 6. A generator according to
one of the preceding clains characterised in that in the region of each of

th d 18 f ot i | [ | [ AN 13) which
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internal wall (35) o e housi ng, el ec

, i rodes termnating in the
regi on of ag@ maﬂstgap:alelc;rwemeeodhed@sarlmgallgpeﬂtarmnqemplaz@el&fg'mthe t Wo

Bl oot r odcbifefta % 3 drhynibh A SRclieal oheoted ) 53783 B APRESR! 5, v
char act er je#gttbrishig.hat each el ectrode (34) is in the formof a thin hollow

cylinder which on the one hand tapers in a hollow frustoconi cal
configuration towards the spark gap el ectrodes (36) and which on the other
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axi al 'y betdracterised in that in the region of each of the ends (18) of two alignedly
arranged piezoelectric piilars (13) which are electrically connected together in
series in opposite relationship, there is electrically connected an electrode
(34) which is guided along an internal wall (35) of the housing, the two
electrodes terminating in the region of an electrically conductive coupling
portion (15) between the two piezoelectric pillars (13), in mutually facing

relationship as spark gap electrodes (36).

7. A generator according to one of the preceding claim
characterised in that each electrode (34) is in the form of a thin hollow cylinder
which on the one hand tapers in a hollow frustoconical configuration towards
the spark gap electrodes (36) and which on the other hand in axially opposite
relationship is enlarged to form a peripherally extending collar against which
the end (33) of the tubular housing (22) axially bears.



