
;CDe3eCB@,Hp6TB+/ Electronic Projectile ~7etonator  The present invFntion
relates tp an electronic projectile detonator ~tocording tee the preamble
of patent claim 7. M~~dern electronic: detonators currently employ for the
energy supply either primary cells or preferably batteries, which ~rE. only
mechanically /chemically activatE~d through the gre~it accelE~rations which
occur when firing a projectile. This has the advantage that detcmators
equipped thus do not require maintenance with respect to replacement, for
t:xample of an otherwise employed battery-primary cell, since these
b,ttcries arc entirely passivE~ during their storage and therefor~ permit
long storafie time;;. In the case of detonators equipped thus, in general
the operating se:duence of the previously prol;rammed detonator function is
startfd throul;h the activation of the battery, i.r. by runninK up the
battery voltage during the mechanical/chemical activation through the
launchinfi acceler;.~tions. The acaivatablE: batteries employed must
therefc~rE: b~ layed uut Ct~tlstrLlCllonally such that they reliably
activate within the entire: temperature, ranfie even with extremely small
propellant charge during the firing. ~~n the c~thcr hand, they must with;
;tand mechanical loading throuKh c:nvironment~~l tests (fr oxample 1.5 m
clr~~p onto steel plate) and the acceleration during the charging process
without activating. Thc:rcmth by necessity the constructionally rcduired
saftay margins between activation and nonacaivation grow small. In
addition, individu~~l faults in the battery, which ~jrc KE:nerated by
defectivE, b~~ttery fabrication yr material faults, can reduct~ these
safety reserves further. Acrdiulg tc~ the above statements it c~jn also
nc~t be excluded that such batte:rics already activ~~te before the shot.
17Epending on tho function and safety layout f the   1 6 J AN 2003
detonator, this can possibly lead to dangerous delonatur states durinfi the
ovc:rflight phase. Specifically in the event of use by the ~jrtillery,
one's own lroc~ps zre also overshot. Par that reason the reyuirc~n,ents
with respect to safety against too early a prujectilc breakup (ovcrflight
safet~~) are here in ~eticr~~l very lii~h. Knc~w~~ numbers fir the maximum
l.~ermittcd probability of too early a brc~~ki~p arc between 10' and 10-".
On tht~ other hand, due to the above described necessary small
cunstrurtiunal gap between function and n~)nfu~lCllotl cat a
~ccclcr~~tion-activatable b~~tte~~y (1.5 m drip: nc~, smallest chcirging:
yes) function problc>ms must a!w be anticipated with small charging and can
also bu observed in practice. In additicm, the production of such special
batt~:ries due to today's increasm~; ec~rpurate nlerl;ers has become
c:uncentrated un increasingly fewer companies such that the supply
situation, nc~t leas( through export r~:5triclioi~s f some ci~ntries fr
such products, is bcc:uminl; inerea;;ingly more difficult. lf, however,
batteries aru available, then, in generU, only at pric~a which arc often
incompatible with the "lorw cost product" detonator. Other known methods of
enemy generation during the flight of the projectile are: generators which
generate elt:c.tric energy for the electronics, installed in the
deton~jtc~r, either via pieta effect ear electrodynamically via projectile
acceleration, spin build-up or oilc:ming airstream. However, such solutions
arc, fur example: for an artillery detonator, either due to the lc~w
ener~,Yy yield (pieta) not suitable or emn more exp~nsive and more
unreliable than a built-in battery and, furthermore, can e~nly be obtained
either as c~ special fabrication as a product of a loo ~ and expensive:
development phaasc~ ur, with at Jt:ast similar difficulty, as an
acc~le:ration-activatable battery. 



2   1 6 JAN 20C Building on this prior art it i5 therefore the task of the
present invE:ntion to specify a new projectile detonator, specifically an
artillery projectile detonator, which can operate without battery or
additional ene~rl;y generation during the projectile flight. The solution
of this task is accomplished according to the characac:rizint;
characteristics of patent claim 7. Advantageous embodiments of the:
projectile detonator ~~ocordin.g to the invention c:~n be found in the
dependent claims. In the Following, the: projectile detonator accordinfi to
the invention will be exploineu briefly in conjunction with the attached
Figure 1. It is proposed to employ for upuratin~ the projectile detonator
in the flil;ht l.~hasc~ a capacitor charKc: durinb the: profiramrnin~;
phase, which capacitor has miry low leakal;e current in order to be able to
bridge a time in the range oi: minutes between the: progr~~mmint; and the
start of the: flight phase without sisnificant cnerl;y loss. It is known to
transmit programming information during the inductive proyrammin~; phase
via the progratruning coil '12 internal to the detonator through the
transmitting coil 22 of a programming; device 23 external to thc~ detonator
vi~~ the magnetic coupling of the fwo coila and a modulated Illil~llEalC AL
field. Tt is fu rthcr known to utilize the energy transmitted in the
progrc~mmuy prucuss for the supply of the detonator during the preyrcamming
process and, Since after the progr~~mming prac~.~ss the E:nerl;y
transmission is interrupted through the programming device 23, to store the
information transmitted during the programming; proctors such that it is
nonvolatile, for exan~plcr in an EFPRt:)M in thN dcaonator electronics. In
order to be able to c:omprehend the inventivE~ cncept, first the: ~jbove
stated programmin b process will bE: discussed in further dNt~il. In the
NATC) STANAG 43B9 with the: associated AC)P22 switching proposals for the
external circuitry of tho inductivt~ prol;ramming interface are pri~posed,
which in this 3   1 6 JAN 2003 way or in similar form art: realised in
cvcrry dC~tt~n~~tt~r which must ftalfill the demand for compatibility. This
E`.XtE'.1'll~ll circuitry is rc>ughly indicated ~~lsv in Figure 1 through
the elE~mt:nts 22, 12, 14, 4, 15 and 2. Up~~l clnser inspection ~~f pnly
these few elements, it i~ ~~pp~>>~t~nt that the l1L vt~itagt induc:c.d in
ct~il 12 tl,rc~ugl~ the prol;ramming coil 22 is one-way rectified across
diode 14, and throul;h tht: programminfi iliterface 15, the voltage
regulator 2 is leaded with connected load. In addition, this voltage is
limited with respE~Ct tU amplihlde by a Zener diode 4 in order to protect
the c.ompoctents of elements 2 and 15 against twervt>ltag~:. Through the
one-way rectification through the diode 14, ht~wE,vE:r) curly the psitive
halfwave of the AC voltage, present at the junction point of the cvmponenls
12, 14, 13 and 1t3, is loaded such that tht. pt~sitivt, halfw~jvc ~jt this
pint virtu~~lly ntvtr exceeds the Zener voltage of the 7ener diode 4 plus
tllt~ ft~rward vt~ltag~ t~f dit~de 14. If first the diudta 13 and 1Fi of
Fif;urc I arc t:c~nsidercd nt t~~ Leo prc:~~nt, ~~t tho output of coil 12
the negative halfwaves can assume a voltage amplitude of 50 to 60 V. The
E:nt.r~;y inherent in these halfwaves, is not used up to this point. If,
into the cirGUit of the Figure 1, the high-blockinb diodes 13 and 18 are
inserted again, thrt~ugh the t~nc-way rectification of the negative
halfwaves of the output of coil 12, the supply capacitor 1 fur the
dE:tt~natt>r E:lt~Ctrt~nics and the supply capacitor 19 for the detonation
stage is charged. The very high-uhmic resisters 6 and 20 connected in
parallel with tht~ c:apacitt~rs serve for the defined discharf;c ~~f tht:
c~~~pacitt~rs in the event of a discharge that has nt~t t~cc;urr~,d t~f the
clttt~nt~tt~r ~~nd virtu;~lly dt~ nut load the charginf; prt~cess. 'this
means that both capacitors are charged to a DC voltafie of up t~ an
amplitude between -50 and -60 V. 



Tf tht capacitamet and the voltagc.~ of the capacitor 1 are defined as C,
and U, and as C,y or U,,, as the corresponding valuta t~f c:ap~~ritt~r 19,
then, after the prt~E;ramming ft~r the supply of the voltage regulator '17
and of the detonator electronics 3) the energy 0.5 C:, U~~ is available and
for the supply of the detonation stafie the energy C'19 U192. 4   1 6 JAN
2003 Since the vc~lt~~~~ enters as the s~~uare into the amplitude of the
enersy stored during the programming pruc:~..sa in the capacitors, Lout the
constructional size and the price of the capw:itc:~rs increases only
proportional to product G U, by utilising the high neg~ttivo hallwaves of
the prugromrning process, enemy can be cost-effectively stored in the
dct~>nator on small spaces. The flil;ht phase is stabsE~qut~ntly preferably
initiated very simply throul;h a (fr the blc~Cking phase durin l; the
programming atnd the: time bcfc~rc~ the shot) switch (5 which coil be very
simply toyed nut hifih-ohmically, which coiv~ects the inverting switching
voltage regulator 17 with the cnpac.itc~r 1. The switch 5 is actuated
through tht~, in general, specially dc:velt~ped lusible device 9 and
hardE~ntd again st t~nvirc mental effects highly reliably ups>n the
~~cctirrence of the environmental forces typical for a shot through an
~jctu~~~ibn element 10 such that an uninttntic~n~~l c losing of switch 5
be.fore the shot proper can virtually only occur with the minute
probabilities of 10'' 10 1()'~ customary with th~~,e occurring with
mechanical safE~ty dwicc~s. Tf they dc~tc~nator i, nc~t programmed, it 15
t`.v(`n Clttlrl`ly energy-free, which makes it even safer compared to
detonators wish built-in battE,ries. If the $wltCh 5 is constructinally
toyed gut such that after the occurrence of the typical projectile
accelE~rotion it closes and, for example, also re~mvins clcyd through
mechanical l~~tching even dlirin~ tht~ t:ntiro fli);ht phase, the
electronic self-holding latching, ::pawn in dotted lines in Figure '1,
becomes superfluous. If this cannot be tnsured, the self-holding latc.hin~;
11. eclsures that during tl~t~ c,ccurrcncc~ c~f a vlt~ige at point Z, input
X is electrically carn,t~ct~~~i with ~~utpttt Y, and also remains
ce~nnected as long as thc vc~lta~e regulator 17 opera tee. Detection of the
two c~per~ttin); modes programminK/flight takes place via the two inputs
U,~ and F of the detonator tlc~ctrc~nics. if at U,, voltage is present and
not at F, the switch 5 is still open and the e~lec~h-c~nica ~~letects upon
occurrence of UV thc~ presence of prp~r~jmminfi and processes: the
corresponding programming sequE:nc~s 5   1 6 JAN 200 at port U,.. However,
if switch 5 is closed, at input F voltage i.s present (and at input U~, no
programming seque~nct) and th~~ E~lt.carc~nica we~rk.~ down its prc,grammed
flight program. The switching voltaf;e regulator 17 must havE~ high
efficiE~ncy as well as a very large input volt~~gc range in order to avoid
unnecessary enerl;y losses. It is therefore 



preferably specifically developed for these ur similar applications and,
due to the Smaller ~,nd therefore current-saving; structures, intef;rated
into a11 ASIC. Th~ ;;tor~~ge capacitors 1 and 19, also fur reasons of 1w
losses, most preferably be foil ur ct:ramic capacitors with miW tun leakage
current, since its charge must be available in the flight phase as much as
pusaible Lf7,c11ongE~d Eweo after 10 to 20 miaiutes aftor the programming.
Thc supply capacitor 19 for the d~~tcm~~tic~n st~~g~: 16 is, as alr~~idy
dEacribed, charged parallel to tht~ aupply capacitor 1 during the
programming phase. Tlus coWiguration i~ necessary since the capacitor 1
during the supply of tht~ d~~tc~natc~r t~lt~Ctrunics 3 is being discharged
and ft~r that reason a satisfactory detonation voltage amplitude with a
possible joint supply of the detonation stage 16 from capacitor 1 could not
be ensured. Shortly b~~for~~ the detonation of the detonation stage 16
through thc dct~~n~~tion trigger signal ~jt output T of the detunatr
elE~r.tre~nics 3, via the Signal 5 of the detonator electrc,nics 3 and a
suitable electronic switch 24, the capacitor 19 is connected with the:
detonation stake 'lfi and the latter is only supplied with energy at this
late point in time. Thereby, in spite of early ch:~rfiing of capacitor '19
in the programming phase a high overflight safety of thE dtttmvtc~r is
attained. The cc~nfi~uration according to Figure 1 has a further
actvantafie. Luring the prtyrammini; through the detc~natt~r t~luctrunies
3, apart from the f~rogramminfi input 6   1 6 JAN 2003 U,,, the input F is
also queried. If the switch is open, i.~~. if the fusible device is in
safety p~~:;itiun, nu voltage is prcwnt at F and thu prgramming c:an be
carri~>.d out as intended. Hc~wEver, if during during the programming
process switch 5 is cle~s~:d, i.e. if the fuaibl~ device is pruned, the
voltage of the capacvitur 1 charging daring thc~ programminfi, after
conve,rsic~n by the voltage: regulator '17, is impressed can input T of the
d.etonotor t~lectrunics. The prprammin~, function is Suppress~d with the
simultaneous detection of this voltage in connection wish a preyr~~iming
seduence at Ur. Since the prcyramming in general takes place
bidirectic->nally, in this case this danfierotis sta tE~ c~f the fusible
device can also be reported back to the prcyrarnming equipment, and thug to
the operator, and eonwquently provide r<ferences for further handling of
the detonator. Thereby rec7uircmcnt 4.6.6 of the detonator wfety standard
M11,~STD 1316 D pan be elegantly fulfillEd, which requires an t~xtr.rnal
checkinfi capability of the sofEty state of the lusible device befc~rE~
instilling the detonotur into the arrununitic~n. This checking can thcruby
he carried out via an already present u~terfacc, the programming interface,
and thus; requires no addition~~l expensive measures suoh as viewing window
or brEak-throughs on the detonatcw housing. 7   1 6 JAN 2003 Patent Claims 



1. Device for the electric energy supply of projectile detonators without
battery or additional energy generation in the projectile flight,
characterized . (a) in that for operating the projectile detonator in the
flight phase a supply capacitor (1), charged during an inductive
programming phase, is disposed, which has very low leakage current, in
order to bridge a time in the range of minutes between the programming and
the start of the flight phase without significant energy loss, wherein for
charging the supply capacitor (1) the halfwaves, not utilized during the
programming and not under load, of the programming AC voltage are utilized;
and (b) by a switch (5) actuated through a mechanical fusible device (9),
which supplies the charge of the supply capacitor (1) to a voltage
regulator (17) with large input voltage range and high efficiency. 2.
Device as claimed in claim 1, characterized in that the voltage regulator
(17) inverts its input voltage. 3. Device as claimed in claims 1 to 2,
characterized in that the s~Nitch (5) actuated by the fusible device (9) is
bridged by a self-holding latching circuit (11). 9. Device as claimed in
one of claims 1 to 3, characterized in that parallel to the supply
capacitor (1) is disposed a detonator capacitor (19) for driving a ,
detonation stage (16). 8   1 6 JAN 2003 5. Device as claimed in claim 9,
cJ~axacterized io that the charge of iJ~e detonator capac~to~- (19) is
placed onto tJle detonation stage (16) via an elects-onic swntcJ~ (24)
actuated by tJle detonator electronics (3). 6. Device as claimed in one of
claims 1 to 5, characterized in tJ~at the output of the voltage regulator
(17) fox the flight phase is queried by iJ~e detonator electronics (3) even
during the programming of the detonator at a terminal (F) and the
pr~ogram?ning tunctioi~ is deactivated, if tJ~e switch (5) at the input of
this voltage regulator (17) does not have iJ~e correct s~Nitcll position.
Device as claimed in claim 6) characterized in that tl~e incorrect switch
position is indicated to the operator via a report-back charuael of the
programming function. 



8. Device as claimed in claim 1 or one of the following claims,
characterized in that the programming AC voltage is s~Nitched across a
diode (14) poled in a first direction to a programming interface (15) and a
programming voltage regulator (2), and that the supply capacitor (1) and
the detonator capacitor (19) is charged across diodes (13, 18) poled
oppositely, from the programming AC volts ge. 9. Device as claimed in claim
8, characterized in that high-ohmic resistors (6, 20) are connected in
parallel with the supply capacitor (1) and the detonator capacitor (19). 9
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