2167841 AN ELECTRONI C DETONATI ON CONTROL CIRCUIT The invention relates
to an electronic detonation control circuit, for exanple, for a
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electromcally ‘controlled or reversible by the detonation release
 signal, 1t “has become apparent that when particularly unfavourable

' 11m1t1ng or marginal conditions, more esoec1ally at the commencement

-~ of ‘operation of the power source ‘(for ‘example 1ncorporated into a
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. projectile and - act1vatable only with the f1rmg) arise, the logic

‘ circuit may prematurely or transmntly, in other words w1thout the

',"exxstence of ‘the preset combmatmn input signal -criteriay assume

'states_ which lead to output signals which act -on the s'witchiné member
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~as detonation release signals.  These non-reproducible initial or .

' trans1ent states of the log1c circuit can oceur whenever it is not

-supplied with a minimum operatmg voltage for orderly mode of

operat1on of 1ts loglc elements._

In recog‘mtmn of this factor, a problem underlymg the 1nvent1on‘ '

is to provide 'such - a detonatlon control ' circuit with a simple and‘
operatlonally rel1ab1e, eas11y checkable safety measure wh1ch

adaptable in ‘an. optlmum manner to the respect1ve operatmg voltage

factors of ' the logm circuit and ‘which rehaby suppresses such -

3 _ -apparent detonat1on release s1g'nals and thus a premature release by
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_'__ the electmcal CII'CUIt of the detonatmg means.



2 It is generally proposed to solve this problem by providing an

el ectronic detonation control circuit, conprising electronic logic to
derive, from a plurality of inputs, -a detonation release signal .to actuates
or ready electrical detonating. neans via. an. el ectronic 5 switching

menbe with safety means conprising el ectronic ‘bl ocking neans to- prevent

sai d onation rel ease signal reaching or actuating said el ectroni ¢ %
swi t chi ng nenber; and threshold neans, responsive to' the electrlcalﬁﬁ pply-
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nom nal -volt a ~threshol-d-val ue circuit connect ed. power source,
“wher eb§eihid sé tW%‘GﬂHW@%eEW%‘?W%IMa@% &‘bnt‘?’blblt npl® until the
powko PPeNelRat ive hadiqs of gdiadeletromizdbl dekiigh aleavsl t age. 25 Thus, connected-
prior to the switching nmenber, in:the circuit for the detonating neans,-
there is an el éctronically control | abl € bl ocking section for blocking . ---
(act ual  andhgopresenpeiivent iompeauidese pn apdgatramic ddatonatiooncerinedse si gnal\s./

from EfRuliogésmsribig ta %16hchlcﬁ(ﬁ<| @d from a power source, and
. arranged to prov1de a detonation release s1gnal from a comblnatlon of
15 detonation sensor or input. s1gnals, and an . electrical detonatmg means
which 1s controlled armable - or . releasable by means of a sw1tch1ng
member wh1ch is. electromcally controlled or revers1ble by the
detonation release signal, characterlsed in that connected prior to a ‘
- control input for the sw1tch1ng member is - an electromcally-
20 controllable blockmg section ‘which is blockable or actuable by way of
a nommal-voltage threshold-value c1rcu1t connected to the. power
source, whereby to cause the - blockmg sectlon to block ‘the control
input until the power source achteves .a. predetermmed nommal
voltage. . _ - R
'l‘hus, conn_ectecl__ prior to_ the switcbi_ng -mem_ber,'_in the circuit. for - '
the detonating: means, there 1s an'electr"onically controllable blocking
section for blocklng (actual and more espectally premature) apparent
detonatlon ‘release sxgnals from the - logic 01rcu1t _which blockmg
30 section is sw1tchable mto an meft‘ectlve state only by way of the
voltage threshold value c1rcu1t,_so that it 1s readlly ensurable that
Tany. control of the!: sw1tchmg member . ‘from . the log1c 01rcu1t _is
'prevented so long as the. _output voltage, momtored by. means of the
threshold value clrcult 'of the power. source still hes below the .
35 voltage level whxch mdlspensably has to be -ensured for the orderly
_-'~operat1on of ‘the logic circuit . as the minimum operatmg voltage--"
"thereof to eft‘ect sa1d safety measure. ' ’



30 section is switchable into an ineffective state only-by way of the

vol tage threshold value circuit, so that it is readily ensurable that any
control of the.:*swi'tching: menber- from the- Ioglc circuit is prevented SO
| ong as .t he out put voltage ‘noni tored by. means of the threshol d val ue 4g
circuit, of tRhe power source still lies below the 35 vol t age .l evel whi”
|nd|spensably has to be ensured for the'orderly operatlon of the-logic -
'C|rCU|t¥% as the ninimum -operating vol tage thereof,' to. effect said safety
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respects, a sinptesigeneébility for extending the described protective
nmeasure, to the effect that additional time safety devices with 15

respect to the earli est%igl ssible release or_triggering instant of the :
det onati ng méfns, itigpal neoltpger disey el HF IpRHED atafthe yinpHt ¢ o Bige
of a projectile, tm}eﬂudlealrneaﬁbi- etidrd @merghisTelsdedayddl e-el/uasbl Bf Wigbe sWwitching

weloas furt her TERRT B dARbabY  sPRERC o, Bt ot okt ity
apparent from tiespeciso- 8| simnle aBOSﬁelplllltnsfﬁlr ourtending f el dmperjbetbsrrotpetivh
of a’ . measure, to the effect that addltlonal time safety devices with
' 15 respect to the earliest possxble release or triggering instant of the
'detonatmg means, such as for tl"e barrel and pre-barrel safety m ‘the
- case of ‘a prOJect11e, are reahsable and are dlmensmnable within w1de

11m1ts. '

20 : Addittonal further 'developments and alternatives as well as
. .'further features and advantages of the. 1nvent10n will become apparent
from the sub-claims as well as from the following descrlptlon of a
‘typical - exemplified embodiment of the mventlon whxch is shown in a_"
. h1gh1y 81mpl1f1ed manner 1n the drawmg.
25 ' L _ _ _
’I'he s1ng1e Flgure of the accompanymg drawmg is a basic circuit -
dlagram | of an electromc detonatlon control ctrcult takmg into
account the protectlve measures, m accordance with the 1nvent10n,
' employmg, in thls example, b1polar trans1stors.
' The electromc detcnatlon control c1rcu1t 1 has a log1c circuit 2 .
in wh1ch detonat1on sensor s1gna1s 3, obtained for ‘example by means of
various plck-ups by v1rtue of d1fferent phys1ca.l effects, are combmed -
with “one another, in accordance w1th speclflc target cr1ter1a upon
35 appropnate approach to a target ob]ect to obtam a detonatlon -
-'__release s1gna1 4 whxch via an electromcally revers1ble smtchxng _' :



typi cal exenplified enbodi nent of the i_nvention which is shown i
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whi ch,

n a highly

i fied manner in the drawing. 25 The single Figure of the acconpanying
drawing is a basic circuit diagram of an el-ectronic detonation .control

tion, enploying, in this4exanple, bipolar transistors.
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prOJectlle-fllght frictional heat or a wind _wheel generator..

Upon use of any of -all the po'wer sources 8 which are in 'pra_ctic'e

.suitahle, it has been ascertained that . the steady voltage is not

being put into operation, but builds ‘up more or less slowly, due
firstly to the physical mode of operation of such a power source 8,
and secondly to the fact that at the output side at all times stray
capacxtances 9 are effective wh1ch together with an internal or

wiring res1stance 10, have the effect of a: voltage-rlse delay member
11. '

At any event- there is thus' not available instantaneously from the

power source 8 a supply voltage at the. loglc circuit 2 which lies
above the m1mmum operatmg voltage necessary for reproduc1bly

pre_.det_ermlnable _loglc functioning of the 1nterconne_cted gates of the

logi'c: circuit 2. Thus, in practice such logic circuits. 2 would’

_normally suffer from 'irregu'lar behavi'our by - reason of initlal

30

operation by the undervoltage to g1ve random or. undefmed outputs from
the log1c CII‘CUlt 2; and thus, through the detonatlon—sensor mput
signals 3, could trlgger mcorrect or. spurlous detonalioni release

‘signals 4 whlch are totally unrequlred. Any such mcorrect detonauon

. .signal. is a safety risk especlally when so controlled artlcles of

35

munition - are transported because premature actuatlon of .'the'

--detonatmg means 6 is tran51ently poss1ble. R

'avaxlable suddenly and at a reprodumbly ascertainable mstant as from.

]



being put. into operation; but. builds up nore or less slowy, due firstly
to the physical node of operation of such a power source.8, and secondly to
the fact -that at the output side-at all times stray 20 capacitances e
effective mhlch together with an internalsor wring resistance 10,

t he effect. of "a voltage-rise del ay nenber 11. At any event there is thus
not avajl abl e i nstantaneously fromthe 25 pomer source 8 a supply voltage
‘at . the Faglc circuit 2 which lies above the minimim operating voltage

necessary for repmd&@eblb{emlbgd%em@uaa&&teahem&f ftuélcctétsﬁutmﬂg Qfeahbes by
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det onati on- sensor: I ng % na S - cou tI‘I qq | ncorrect or spuril ous

det onation el B§ERe tr(gnng,lly 9nkraliable rRlgeking dsectinny 13ychlhis-

i ncorrect det onaédtdon Sll3gﬂa|easés3 the a:eﬁeia of &heeﬁﬁe&hﬁg|%erﬁ$&n5 ®0the logic -
controlled art| t g ecause pre :
act uation SLl%a etwcl)":r%gf |n&n{'£}2i réé‘g s nl’ 1'{ r%%é‘p qu R it °qeﬁa§|n§er
reliably to bI o¥Rltage ufer othof laghe gincyiat? ngj‘r*thartbeG Poyrer evevurcel &f being

swi t chi ng nenbeacraeaéu | ong as the operatl ng vol tage for reproducible node
of operation of the logic circuit 2 is still not achieved, connected pri.or
to the contrid input 12 of the switching 5 nenber 5is an eléectronically
control | abl e bl ocki iy thégtwayn ti8. reléhsiesof sthet elentrid detbeatdes diheuit byt waly of
t he switching 5 0 | kC n o] v bk
responds to thgggggfe]gsge%%%g?éat ?’ﬁ%"ﬁo%t ?getg’%% bl g?ogl?c mﬂﬁfcc‘?&'%maztur?
t he power sourcgetg)n@gqqg B hreasen. ofp an apparent release signal 4 given off

prematurely. by .the- still not regularly workmg logic circuit’ 2, is -
15 reliably prevented) until - the loglc circuit 2 is supphed from . the - '

power source 8 with adequate operating voltage and is in rehable'
operation. '

" For 'reasons of the operating reliability ot‘ this protective'
- 20 - measure, the blockmg sect1on 13 1s preferably not des1gned as  an
'mterrupted’ e.g. a normal open s_mtch 1n the 51gnal line to the
: sw1tch1ng member 5, but is"prefera'bly arranged to serve as a s1gna1'
- shunt, In this embodlment the blocklng section is a non-linear
_,-voltage d1v1der ‘cireuit w1th a shunting . member 14, parallel to the
25 ;'control input 12 of the sw1tch1ng member 5, which 1s self-conductmg
' - in the rest state, wmch shuntmg member 14 may be in series w1th a
. signal 11m1t1ng res1stor 21, '

Th1s electromc shuntmg member 14 1s made response to the
30 '_.voltage from ‘the power source 8 by a nommal-voltage threshold-valie
c1rcu1t 15 wh1ch reacts to. the nommal operatmg voltage for "the
orderly functmmng of the logic clrcult bemg reached or exceeded to
' '--"reverse,_i.e. block the shuntma member 14. . ’l'he threshold value_ ..
) 01rcu1t 15 may s1mp1y be a second non-hnear voltage d1v1der
: _,3'5-_.-compr1$1ng a res1stor 17 1n senes w1th a component part havmg a
"'voltage threshold charactenstic, for example ) Zener diode 16, in the g



In this way the release of the electric-detonation circuit by way of the
‘detonating neans 6 remains blocked (and any premature detonation by -
reaso f an apparent release signal ‘4 given off prematurely, .by the
still ‘regularly working logic.circuit 2, is 15 reliably prevented)
until the logic circuit 2 is suppl?ed from the power source. 8 with .
adequat e operating voltage andis in reliable operation. For reasons . of
the operating rellab|I|ty of this protective - 20 neasure, the bﬁﬁcklng
section 13 nor mal open

era not de as_.an |nterru t.ed a
swi t ch, lqr‘rgltt“r‘?ég l?'1 e 8IS ﬁg g(/j\nttegf’ﬁ e Wl%ef ebtﬁanggerﬁfef erably
arrangeblratmhset ee §sra'11e1| gnalthsheohtrol | pft the amquemmy-wheedﬂeockl ng = .
~sectio r t Y r ng menber
o, parderlir 38on 28R SRy Gt Uy kblon Bt pkippitte mflafdtiba " TEIRCL
i s sel ffmnctbetm’@ru pounge § cipessther eneghiades M bereme rﬁengmtlm tamy be in

seri@s wihjdd dhe ssrﬂaelngl efficlet NGE rtael exroerm&lse&hbé Bl Qsttﬁé)%hﬁcelﬁe@nt' ng
nenber 14 i s.nmde response to the 3Q . vol gg%ﬁ rom ;i)ovver source 8 by
1 PUReS «saet

a nomi ¥ -8t ¢ Wge SYHCERIDGGPEmDeT (FonErqlcinpmut Ya8le PKe nonmi nal,
operati thge Wagma:gecdmrz.t he orderly functioning of the logic circuit being
reached or exceeded to reverse, i.e. bl ock, the shunting menber 14. The
threshold value circuit 15 may sinply be a second non- Ilnear vol t age
di vi der 35 FepnfintBehadetresigaingt premsfuser pentral t9f dheofigionetingpart having

a vdlot ageah8ir Sshabd Cdxam patefdzstpﬁe-baefel e36T8) eird Deekaddl Oge 46, in the
6 Iongltudl na branch, the resjstor e‘{ g sposed t he transverse

br anch, PTOIECtLE,, Zierely’ @, delaye degice; § sEYWERtS % PR &Rt ed o
bl ocki ngxesehresrholdl&alueOclgcun/\Mén b’yrulseiassmxemphap@rmprthatch-awmg age |level \J

from tfe |BRUELssSOHISe 8 cORGESHEE deNE" WhAdRrdd RESRIREONGUCt,ve to
parallel with the circuit 15, and barner re31stance 20, in series
153 with the circuit 15. '

W1th partlcularly little clrc\ntry-technolon‘y extra expend1ture.
with . hlgh operatmg re11ab111ty, the protectlve messure -in accordance
with the 1nvent1on can be ‘realised in a detonat1on _control c1rcu1t 1

20 if the sw1tchmg member 5 lies in senes w1th the detonatmg means 6
and both the switching mémber 5 and the shuntma member- 14 are
-constructed as complementary trans1stors (shown in the - circuit for .
p051t1ve operating - voltage from the power source 8 w1th b1polar
transistors). This is because then at all tlmes (pmor to. adequate _ - )

25 voltage for. the sw1tch1ng through of the threshold value circuit 15 _' ) L
which is designed for minimum operatmg voltage for the log'lc circuit - '
'2) the .base of the shuntmg member 14 is applied by way of the
res1stor 17 to collector potential, so that the shuntmg member 14 is
rehably conductlve._ Therefore the control mput 12 is short-

30 circuited, in other words the sw1tch:mg member 5 'is reliably blocked
- and - 1s also not. controllable by way of any spurlous output s1gnals
from the “logic c1rcu1t 2 by way of the protecuve resistor 21. Only
.when the. collector/emltter sectlon of the shunting member 14 is highly
resistive (because conductmn throug,h the Zener dlode-16_. app}ymg_ the

35 ' '

sufficiently risen operating voltage from -the -power source 8 to the
‘base of the member 14) is' the shunting short-circuit at the control -




5. cause .the shunting effect of the blocking section. 13 to be cancelled SO
that the switching-nenber control  input 12 becones control | able by the

~logic circuit 2: For further safety against- premature contrg - the .
- detonatlng 10 nmeans 6, for exanple for ﬁre-barrel safety the case
of a projectile, nerely a del ay device 18 needs to be connected prior to

t he .t hriéeshol d val ue .circuit 15.. This is exenplified in the drawing . as a
Iow#pasé“ device- conS|st|ng of a transverse capaC|totr 19, in parallel
wWith the circuit 15, and barrier resistance 20, in. series 15 wth the
circuit 15." Wt’ﬁ’“tplazr eergatiedyyand pen |the %Tlitfemngrryem@@hhdieegweenewesed (oy
‘expendi ture wi-th -Befwhatiosy aleidager Qignabld |etnmte‘dhqr&ﬁo§rgctlb 8 BRRAH IR a
accor dance. mnth E?rmkn%_ntl n.can -realised g} det onati on contro
circuit 1 20 -ifctfgtRl e ﬁﬁssm?ﬁﬁteer i yhigh 3 r?rs § 8§'°th fhERghqet dAathieng
means 6 and bot Hetdnatingi mehnsih e ndativafedirat chapEhtadit tongermitbete ddtbrating
constructed &s mEERS %ng@tﬁ ngtreags&ﬁ;%gs (shown in the circuit for positive
operatlng voltage from e power urce 8 with bipolar transistors).

This is because then at aII tinmes (prior. to adequate 25 vol tage for the

. switching through of -the ' threshol d-value circuit 15 which is designed for
M ni rum oper at-i-ng voltage for the logic circuit 2) the base of the shunting
menber 14 is applied by way of the.resistor 17 to collector potential, so
that the shunting nmenber 14 is reliably conductive. Therefore the
control inputo 12 is short- 30 circuited, in other words the switching
menber 5 is reliably blocked and is also-notﬁ control | able by _way of any
spurious output signals from the logic circuit 2 by way of the protective
resistor 21. Only when' the collector/enmitter section of the shunting . .
menber. 14 is highly resistive (because .conducti-on t hrough' the Zener diode
16 .applying the 35 sufficiently risen operating voltage from the power-
source 8 to the base 'of the nenber 14) is the shunting short-circuit at
the control 1 ' - =



7 input 12 cancelled, and can the sw tching nmenber 5 becone reversed (by a
detonation release signal 4 emtted from the logic circuit .2) to a -
det onati on readi ness state in which a or the €ircuit through or to the . ..
detonating neans 6 is activated or conpleted to permt the detonating 5 -
means 6 detonate a charge. 10 8 8 CLAIMS 1. An electronic = -

det onat i control circuit conprising a logic ci rcuit, fed from a-power
source, and arranged to provide a détonation 5 re |ease signal from a
conbi nati on of detonation Sensor or input signals, and an electrical
det onatLAgM$reans which is controlled, armable or releasable by neans of a
" switching nenmber which .is electronically controlled or reversible by.

t he detonation release signal, .characterised in that connected prior.to a
control. i npot dlertro@iict Idetorsmerchmgtrorrerdbmmtl sompnisieg eat rlegical |y
cont 1 odiraih © relll QOK B sQUITCRNI 4R mahge&ggbé%v%e %}h%%? idpy way.of a

nomgnal - voI tage 't hreshol d-val ue ¢ircuit conn € power source,
wherebSP1E8Se adfR el hdT PN 0 @ki RFRERAUIPR 1 Of o dBteNat i9mesenner OF iiAPEE unt i | t he..
pover - siguatx; amdi eweseBcprizdbt detmathgioneand Whldnage. cdntroldedgel ectronic

?ﬁgogﬁyrﬁ&go%rq‘ lgisagﬁéa bgsrsng{”?é condﬁctsl%%héﬂ%nﬂeﬁlg ra%g&‘ \?\%dchl Inl etshﬁ]

par al I%llecw‘qfhc%lﬂé contradiled npnt revensiblesvipyt ciengdetonbion 2@lease An -

el ect roighg1,dehanaitk AiseBOM I Glat Chdriitéicte @SprdbRi G cbn(dAl prLt Ofon

Ch@ba %rl Seﬂchpngt h%tem%he C.gnt ol eiecRgrt)m%Lllgrhecosnvtmrcgﬁable blockmg :
section which is blookable or actuable by way of a nommal-voltage
threshold-value circuit connected to the power source, whereby to . o/
cause the blocking sectlon to block the control input until the power '

 source achieves a predetermmed nominal voltage.

15
2. An electronic de_tc_unation contr_el ci_r_cuit as claimed in Claim 1, "
ch'aracterised in .that the blocking section has a 'self-con'dx.icting
shuntmg member which lies m parallel with the control lnput of the
switching member.

20

- 3. An electromc detonation control clrcun as clamed in Clalm 1 or
2, characterised in. that the control input of the sthchmg member

lies in series with the detonatmg means.

25 4, An electronic detonatlon control circuit as elaimed in any one of_
Claims 1 to 3, characterlsed in that the threshold value circuit has a

voltage dlwder with a longltudmal resistance 1n ‘the forn of a Zener
dlode. '

30 5. An electronic detonation control circuit as clalmed in any one of -
Claims 1 to 4, characterlsed in that the sw1tch1ng member .and the
blockmg sectlon ‘each have a transwtor,_and in that ‘the trans1stors'
‘are- mutually complementary transistors.- ' ’ |

35 6.  An ,electron'ic_detonatién control circuit as claimed in any one of

Claims 1 to 5, characteri's_ed' in _that' a safety voltage delay device is
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lies in series with the detonating neans. 25 4. An electronic detonation
control circuit as clainmed in any one of. Clains 1 to 3, characterised - in
~that the threshold value circuit-has a voltage divider with a |ongitudinal
. resistance in the formof a Zener .diode. 30 . 5. - An electronic detonation
~control _ CII‘CUIt as claimed in any one of Gain 1to 4, characterlsn
~that thg switching menber. and the bl ocking section each have a trang or
~and in at the transistors are nutual ly conplenentary transi-stors. - 6.
" An el ectroni ¢ detonation control CIFCUIt as.clained’in any one of Clalns 1

to’ 5, characterised. in t a s del ay device.is conneg
ot weon "t haCt prhdhee0, TElkedy RRECHestRold 35 [l R the JourC SRS
‘'source. 7. Ank>6hedmnun1SOUUnionat|on control circuit substantlally as 5

herei nbefore described with reference to the acconpanying drawing. 8. A

muni tion |ncorPorat|ng the circuit clained in any preceding claim 10 15 20
25 30 35 electronic detonation contrdl circuit substantlally as

‘5 hereinbefore described with reference to the accompanying drawmg.

. 8. A munition incorporating the cxrcu‘t c1a1med in any precedmg
clalm.
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