;ste3elt! gx6TIN'1 0 2 APR 2003 PROXI M TY FUZE The present invention rel ates
to an inproved proximty fuze for a tube | aunched projectile carrying a
payl oad. 5 The use of a fuze on a payload carrying projectile_has two main
functions. Firstly, it protects a handler of the projectile f PEAPR 2003

| nadvertent detonation or activation of "the payload from when the
projectile is manufactured until it is at |east several netres fromthe

site fromwhich 10 is was | aunched. Secondly, it initiat n or
activation of the payload at a rpnggl |ffﬂu9et arget or fr ﬁ“ﬁm‘m“w

whi ch range is appropriate to th unction of the payl o appropriate
range nmay be contact with the target, after contact with the’target tinme

from I auncheg n@@éhmnwnﬁ@n trgr%té@fcg%h imdrovey PF@ahﬂyffsﬁe kyP§ tahef uze, a

proximnty fuze resent irnvention refates. Current
proximty f {BUS &g@raje%lﬁsqaﬁ@ﬂrﬂ@amﬁytﬂ?@ known as "doppler" proxinmty
sensing.5Thi s technl que requires a conti nuous const ant vvavel ength radio
frequency s

%ransmtted E’é e fuze sucr} e¥ when the
projectile gﬁﬁr Hﬁ%h‘és i {428 9ngé& Payigads G?Ey@ﬂapfosle? 8er'é%% WO &N own

t ranslm' tL ed fmcgmfb rFefstigClt griofeatsa fiamalidriof therpgqbctul}?ﬁr@nnﬂhwmm_ echo

si gnal then fer th.the tran t n r,Qm e.in a
sequence of dg%ngt'roﬁcﬁf\%&'g%ﬂ&ge%ftf ctspl%' q%ﬁtfrg’b?e@g éﬁﬁsb{zﬁ%&ﬂ o'JSecti | e
gets cl oser manufaeiured yatil. it Foat leaghseveral metresffrarvitheisite fodmtwiniget and

0L Ven ZRL 0% wlkeiaaeRtd Of sébmdin B hiRb@IebhaRSTLE RlvBliol B thyzq, and (he

gain of the receiver |c the return are set e di stance
of the proj @@Vﬁolaé #k anienae fﬂ'%mgéttanérPrt fiamy th)_eegfql-lfﬂt- whightrenge isetect its

own ret urnegpp %Fétté‘?ﬁ’eiﬁu:%l@n &fat'heb;%)%@cﬂ' Cﬂh@da ;ﬁaéﬁéte%ﬁglé' fapr edi ction
of the prOX|mt B’h@"p G{Zectlh bge g_ urn signal is
30 first dePEca 9~ & @GSt hEr ropteCwith HEE gt done Bom a\uﬁ‘FBugh
successi ve quai'@en'?til todmes target.i Mds thi lattee tygecsf. fgifl,% prowimity dtize ol eshof
construgti Vel : : ze counts before it activates the

payl oad?%anwm‘fﬂﬂ[?eg@ggﬁf'gbeﬁﬁorﬁ Eeﬁa{#o)(i mty of the fuze to the target when
the fuze activates the payload. 35 2 ~ Z APR 20D3 One problemw th this

type of 1 uzeiferkoxfhily R utareehoittl lechAieckhdin ooy -assbigpt i Vit es

and so the st ance e ta fuze first starts to
receive a r@r%wwdsgngnm wihis tﬁ&hplquﬁoﬁewajeta continnes . conséditdi ngl y,

the di st ancevivelsngthaatiny fequéncy\Bighal td dePRih&ARteldSby the fuze such
20 that when the projectile approaches its target, the fuze starts to receive
its own transmitted signal refiected back from the target. This return or
echo signal then interferes with the transmitted signal from the fuze in a
sequence of constructive and destructive interference as the projectile
gets closer to the target. For a particular reflectivity of target and given
25 that the power of the radio signal transmitted by the fuze and the gain of
the receiver which detects the return signal are set, the distance of the
projectile from the target when the fuze first starts to detect its own
returned transmitted signal can be predicted. Based on this prediction
of the proximity of the projectile to the target when the return signal is
30 first detected by the fuze, the fuze can be made to count through
successive cycles of constructive interference. The number of cycles of
constructive interference that the fuze counts before it activates the
payload can thus be set to fix the proximity of the fuze to the target
when the fuze activates the payload.
35
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5 activated, ie. after the predeterm ned nunber of cycles of constructive
interference have been counted, will vary fromtarget to target. This
reduces the accuracy of such "doppler"” type proximty fuzes. TEis | ack of
accuracy is generally overcone in the field by firing a first bRoARR Qige
and observing its proximty to the targ%t when it is activated. Then the 10
nunber of cycles of constructive interference which are counted before
activation can be adjusted for subsequently fired projectiles directed at

th t t. . i i . Of tjial. licati
oquire a nERLPrIRERy Hity Pk wHE ORJued indRaCaifreRC kPR Wb PRkE Cor Lo
u?]e. 13_ A fgﬂdntm%ramcﬁvg?mgzgys?ﬁmffwahge ¢mmféue ba@eub—? wthiehghgﬁuency of
the radio s al. t.r i e a e as
red anii2S TeteSEt (R Feete, ao fefltled ol owil Varn o, &t t
ir ﬁ? glr 12 gr eﬁcr:]éarg:gt. | Agomrdinglgdbe&tegc@mg}%angéwr\ahibgﬂhemyllm_@daidded 20
because 5hea@f?\'/étga}/ié?‘:?ffep%é‘%@dé@rﬁﬁ#hu%@r%‘f [cle%oﬁﬁééhﬁfﬁdéﬁ%ﬁ .
interference 1I's dependent on ‘bac %roun_ noi se level's.” Finally,_the sinple
al gori t hm udydarfeienceeRave depp| equntedpwilhvari firy targek o daw@etheliSnt i nuous

transm ssi OPecﬂIcé%“mefé%WMf §@¢h "’G’é’ﬁ)léﬂ"%ﬁbé %'r@iih?t?'fblz@@!syl'h'ié)ldéﬂt ect and
to cause the_fuze to .mal funcfl on, either by, 8?&?? if.the
e iglddet

, 2 -
anmuni ti on OF A¢EHECYHS dserally YRICOmS IR & eohsEProlaRilEne
measur es tg&ad dt}sdrﬁﬁgeﬁepm\al(\j;ﬂiﬂﬁtcﬁ'thﬁ tfrgehehpndsisnactivatet mh@]pitﬁﬁto prg?/i de
an | roye roxi megt uz | an.qver co at. { east_ s t he probl ens
o souns 2 S R Br' diles’d dltstlhofion iREBETER Phishie ooty Beed i oo o
mor e accur agetiyaton oan ef adjastedi fon subsequenttyi fifedcprojedtitesddirectedigt acti ve
sensor janmm ur, han rr.ent; " rhet : LhZ €S,
Accor di Jng%@??’?’%t tgl?peté'ct 'c_)'%)u;%ﬁ/%}lprag{;e'h%érﬁv t'ﬁ%ﬂe%’ﬁe?fe ‘?@sgfrl%‘vi ded a 35
proxi nty f@peli¢afionssdequires a ubigheruzrausacyrispecwitheutdheynggdaferayl oad,

conpri si ng: adjitheAPPridf@usk. oscil lator neans for generating a radio
frequen%_ sighal which has a varying frequency, a single antenna nmeans for
[

transm ng the radi o frequency signal and for receiving an echo of the

r adi OI f requﬁﬁnﬂmrférg‘édhctidhhﬁi el rag’ ?s:mb'dmbmh ther fregunen cfytbme? rﬁnge
signal corre n t.o the ti ay bhetween t ran n t he
radi o frequé%@@ gl@%&ﬁ%ﬁd"'?ﬁ%”ﬁ%e@%f“ﬁ '3 h%&egﬁﬁe'taugnég g%bgensa%f or
conpari ng t mequisetheand gsal thei tthmiagr ef e seceassiegroyclesndfdepostluctiyeon t he
result of t%&ﬁ@@?de‘ W‘n@?ﬁgf é&dl{?&e‘?” F?Jﬂh@?tiﬁé’@u'ré’é}e§'c%ﬁa?efégde%ct! vating
t he payl oad, erein a directional coupling means 1s used for coupling the
radi o fRequdresause gthg abilitth ofethes diee atordeteahcycles: if genstiuetiieeans and

to the si gnghteReRSRESiddepRABENE R b@&k@i:@uabi ASiskhrRverRNO Fihgmal tHe om t he
antenna means?mbl% glg%rimrﬁ nuasledptg)(/) ?ﬁésssel mc?opp?erm?%]g ‘proximity fuzes and the
continuous transmission at one frequency can make them relatively
easy to detect and to cause the fuze to malfunction, either by accident,
25 eg. if the ammunition travels through a radar beam or by active sensor

jamming measures taken by the enemy.

The aim of the present invention is to provide an improved proximity
fuze which can overcome at least some of the problems discussed
30 above. |In particular the present invention aims to provide a more
accurate proximity fuze which is more difficult to defeat by active sensor
jamming measures than the currently used “doppler” type fuzes.

According to a first aspect of the present invention there is provided a
35 proximity fuze for use in a tube launched projectile carrying a payload,
comprising:



The transmtted signal is reflected by the target for the projectile or by
the ground and the antenna neans receives an echo signal, ie, the conponent
of the transmitted radio frequency signal which is reflected 20 off the
ground or the target. As the transnitted radio frequency si gn@2 ARR 2003t i ne
varying property, this property of the Beceived signal wll be different
fromthat of the transmtted signal by an anount dependant on the rate at
whi ch the property of the radio frequency signal varies and the tine it

takes for the radi o frequency signal to travel between the 25 antenna to
the target or thOSGHBIRTIMERNSHRE IBensEating: a raeio frequansy sighalt waichadi o
frequency signal Hge 4 vammg Pequesdy, t he antenna to the target or the ground

and back is di rectle%quel ated to the dj stﬁnce qﬁ%é)rtgxi mc}g Pf t he ant enna
(and thus the pr& &9/ e3NENBH MeaN§r InHaBPMHRD {BE g EAdI0 FRAVEIPer ence

Bet weeg t he rel ewignal@naddfer tecedfing aa édqh@rtsf_rthetradioafrahuge@cyismlso si gnal hcan
e used to generat r n igati I he di ce_.hefween the
proj ectile and t%ﬁﬁoﬁgggﬁﬁéir ﬁ?é.rﬂ"l'hfo? r%%begggé%ngl 'iaiﬁ%t h%'ﬁﬁéle conpar ed
with a reference cormgsabnting tagtheHime slelay batwearhther tagemisisipmadf thiel | t ake
when the projectilgidad : [=Tol PR a] ap'giae ivat ed. Wien the
range signal and rtkﬁlg' 1?%@5@&%(%@%‘@&%thgrrgé%lﬁgagg%gecg@ ﬂﬁﬁ%léti vation signal
is generated to dpeaNaies qompasig thadapge sighabwithea fefeeence signal gnd 2003 4

whi ch coul d be, fdupemiEdéh thedtesP! O5itHES coRfpRfidbANGENERIAG &n OF a

lighting . flare. The fuze according to the present invention does not rely
on the goattenuatq hyatign éw&@ﬁ%@&%w%&%&ﬁ%@gnm as conpared to the

tranﬁm' L ted si gnahh@%irﬁ@ Hndd:tmtamd rcogxfplih@andiaﬁé asl%;eédt ]fdraeoum'fg:getHeed to
reach the target r e groun tQ retunn, eref or t r anges

o oul ated | n°t ndole, reGuEiRnPRhal Bom, the, Batilier e Fofe A% dependent
on the reflectivimgan$ andetot thegeagndlgerotessing oneans aRd dor dedplingetikd echo
signal has an a i fef i cisent i i ans then
t he conpari son gfédtr{?ggﬁn%g f@gﬁ;ﬁﬁgar%?gﬁ%@)@/ﬁ@#“ttsgtgléﬁugﬂghﬁﬁcg%%g}d;ﬁal and

t he echddsignal dHRaB® used to generate an accurate indication of the range
of the projectile fromthe target (or the ground). 15 In a first preferred

enbodi nent the |itude of the ech ' | ,does ,not alter the cal cul ated
Fonge. and (e MaastteE stinel i ihiad b e AL IPLInS BHAESHIBANI §Y T <
preferred enhedgment aadShet afteans ohedss rateiveb adn \eehy sigpale iertha mti es,
such as 0.5mto 500 %fzt% Tthe Si ﬂngl rOfessi n‘%érreanf]gﬁ{. t he Pfs*fzﬁ%qmef erably
conpri ses m"ia%o n Gr ARSI 8 aragéﬂ regreh®e Si9'a "fq &' e& with a
part of 20he &fttiee graurad ot theyéargeht Asatheangresmittgdaladanmeguency sigmal
i nt er nedi at i i Y r j e
di fference &%ﬁggﬁ?%@g@@é%&%*(}Qféo@(o‘[?)%ﬁw;}fgﬁg%{etctsgga;gglﬁ% \Mne%@uency
si gnal and tdigerant &iore dhatcdfahsitipnemittas signad hyean gmeunt Hepepaarie t ed
signal and tthe @@@é&_t WHeRth@pfoetipar &k Padisifidqu@enchesigndl vari@sxam@ means to
generate a I’ttrlnteetrirrrq% it 6%gﬂ‘%‘es for the radio frequency signal to travel between the
25 antenna to the target or the ground and back. As the time it takes for
the radio frequency signal to travel between the antenna to the target or
the ground and back is directly related to the distance or proximity of the
antenna (and thus the projectile) from the ground or the target, the
difference between the relevant property of the transmitted and received
30  signal can be used to generate a range signal indicative of the distance
between the projectile and the ground or target. This range signal can
then be compared with a reference signal having the value that the
range signal will take when the projectile is in the correct proximity to be
activated. When the range signal and the reference signal are the same
35 an activation signal is generated to activate the payload of the projectile,



30 frequency signal with a frequency equal to the difference between the
frequency of the transmtted and the frequency of the received signal. The
rate at which the frequency of the transmtted signal changegg ggﬁr} wn and
so the difference in the frequency of the transmtted and re gnal
can be used to calculate the tinme taken™for the 35 transmtted signal to
travel to the target (or the ground) and return to the antenna neans and
accordingly can be used to accurately cal cul ate the 5 0 2 APR 2009

ange ool culdii BORER, foF erafPid, ioh BBRsiisl, cbeGy BBy Mdterple™s Toui § 1

frequency siighting flare.t r ansni ssi on by the antenna means which has a linearly
varying frequency. 5 As the transmitted frequency changes and as the
frequency of the received signal required to trlgger activation of the

payl oad of tlhe {iz§ @scprding stondhe tpreseniminventionedeeainieti felikdom ri@guency and

al so_chaggestiehlation’Zh WRGINGIE of Ié NEchs csigRAI 'd?sVQ!&trh;Sﬁ‘reHStdmth% difficult
to 10 defeat usi n? CtIV? sensor g}e res, t han cg Fﬁ th type
fuze whi ch (AARBHNed Sigd p8aB0gsatorf fig distananibhes tawsled idfnagh « né
?rs]m:clat ordmn@rgftlwmm he grd(ﬂidt)agﬁd centreturhed met fdrat Cthearu:hg@stef er ablly
e fuze additiona ses ne eneratin i_near triangul ar
wavef or m vol%?ké'gaqﬁgryndﬁﬁg}j tﬁgcgrgil'qghgtg %t‘?%ﬁ?@%%‘%ﬁopaﬂﬁ cI”‘n ordgr to
reduce the (d@pphdghtqnalneireﬂmmvmy ofttmfanget (@rehe greurd)t ePmwidesthe i s used
for L8 ehBbibha RAULR SnBRUABARLEAAL BaTebBlefthy BEELKidM Ne eoho
si gnal . hIS a cou or coupling
the radio frf’@%ﬁl’lﬁ"l dhesi gm cqmbaﬁlacme Qfs&heuanervmm pOPERY @ht¥8na neans

and to the giRMitted AGEFA! 88d RENEcH didridl Bk ﬂged 8 %éﬁ&a?é @gnal from

t he antenna neans to,t nal proce nmeans rr di recti onal
coupl i ng nemum?dﬂd'fé?w S’g§h¢ ?nggéﬂiactﬂﬂémméhqéam@ Oth&r t er
wavel engt h kyr@medy. i ne coupl er corrprl sing four ports. If such a coupler is
used, t? save space the oscillator nmeans and the m xi ng nmeans can be

Iocat ed g(nthl n an area bordered by the quarter wavel ength transm ssion
lines of thénla éirstiprefesrerbepibadimant thec ampilibuglet of dre @chersignalvioesbodi ment

of Lhe pressibh AYCRhE CBalliidh | Bngkl (AR] GnkObadis SrBbubESigiAngES, such

as 500mto fuze i | ‘ow sed node for
transmtti ngra@smmg@@onhauwslye @@n@@ef%rrgwmquem@nt isesuitaiie Yairyseng

proper ty camtheaalyidesicorsimiies SR 481d%mto Benf adi o frequency signal
vari es tween zero and 35 the anplitude with which the pul ses are

transm fted. According to this enbodiment a series of pluses of radio
frequency siTinakighae précstsiid highns of the fuze preferably comprises mixing

means for mixing a part of the transmitted signal with a part of the echo
signal to generate a range signal comprising an intermediate frequency
signal with a frequency corresponding to the difference between the

25 frequency of the transmitted radio frequency signal and the received
echo signal.

The frequency of the transmitted signal and the echo signal are
compared by mixing them in a mixing means to generate a intermediate
30 frequency signal with a frequency equal to the difference between the
frequency of the transmitted and the frequency of the received signal.
The rate at which the frequency of the transmitted signal changes is
known and so the difference in the frequency of the transmitted and
received signal can be used to calculate the time taken for the
35 transmitted signal to travel to the target (or the ground) and return to the
antenna means and accordingly can be used to accurately calculate the



6 0 2 APR 2009 for exanple 10 pul ses, and the echo signal pul ses are
received after travelling to the target (or the ground) and back. The tinme
del ay between transmtting the pul ses and receiving themcan_be used to
determ ne the range of the projectile féomthe target (or thgg
Furthernore, the difference in tine deldy for successive pul ses can be used
to determne the relative velocity between the target (or the ground) and
the projectile. This enbodinment is suitable for use at |onger ranges

becaee . silhed AR Bl Torf Sy gL P AT, o G v
di scri ni nat eange tealculatiem iteshereferredpiiiat dhei odcillator gesetads viirkdiot hat pul se
is still be'ffvﬁu%hég%ﬁﬁéleﬂr tﬂHs?mQéibﬁgﬂ/ ﬂ:%j gnn%pﬁfe%tn'sow ANhde gused in

conbi nati on equency varyiln operation escr ed above.
At |ong randigeany vaeingfrequency.nitial iy operate in pul sed node to determne
its proxgmty to the target (or the ground) and |ts velocity relative to

the target (or the ground nd de en on the c ated di stance and
Vel oot o calisiiR TRHRTIRE: ToRwSHY Chatdrs Haa Ae T JEAUEBRY (Glet: ound)

Then) at a peesieéersignald redrdd o igger tativatiae efathd eayiaditaf dthen
frequency 20 var@l ngs cge to cal cul attﬁu Its rar.%e ftromthe tzri]rg% (or the
ground) and PIREFY&: & N H}ﬁll%eo?st & E{P&Fg}! qer%téqpc[yhg ga at ed
range i s thehdegesetiheviaizeeadoordingtto the ippesearit inmtimyisaadre Aiﬁbmﬂtjimg to a
second pe s | aunched
pr oj ecth e ccot(?rfr%grt J;&%BE@?@?@%@H@H&NR@?%@? Pnﬁ?iaé’ Hé’@g nve | on wll
now be descrhied tignsmitsenst weelves® singlerfoequatioyg Fi gures in which: 30
Figure 1 shows schematically a transceiver of the proximty fuze according

to the pres I nvention. Figure 2 is a graph of freque a nst time
Showi ng t he RETB0Ry e @selAr greansicommibeamuciags Cor IO r ccei ved
byht he 35 ltlrmdspmfambly)thd;ifw eddu#lonaWy 6o&1p|ﬁ§’ék EﬁQ&ﬂcgug@néHraﬁh@\w _

sc erratl a n c er u scei ver
of i gurs 1. el HhiaRGbiaR Bey oA Yoldli 0t gl Bhe iiagd, ShRubi@ncy s
show ng the asgillatar. of the ports 1 to 4 of the coupler of Figure 3 when a
signal is input into port 1. Figure 5 shovvs an equi val ent coupler to that

shown in Fi qure 3inaring formtion.
n order to reduce the complexity and cost of the fuze a single antenna

means is used for transmitting the radio frequency signal and for

20  receiving the echo signal. This allows a directional coupling means to be
used for coupling the radio frequency signal from the oscillator means to
the antenna means and to the signal processing means and for coupling
the echo signal from the antenna means to the signal processing
means. A preferred directional coupling means which provides low cost

25 and small size is a quarter wavelength branchline coupler comprising
four ports. If such a coupler is used, to save space the oscillator means
and the mixing means can be located within an area bordered by the
quarter wavelength transmission lines of the branchline coupler.

30 According to an alternative embodiment of the present invention which
is suitable for use at longer ranges, such as 500m to 1km the fuze is
adapted to allow operation in a pulsed mode for transmitting a pulsed
radio frequency signal. Here the time varying property can be amplitude
as the amplitude of the radio frequency signal varies between zero and

35 the amplitude with which the pulses are transmitted. According to this
embodiment a series of pluses of radio frequency signal are transmitted,



Figure 6 shows schematically a transceiver simlar to that in Figure 1 but
using the ring coupler of Figure 5 Figure 7 shows schenatically the
preferred circuirt |ayout of 15 the transceiver shown in FlguG% ure 8
shows schematically the |location of the proximty fuze accor

present invention incorporating the trahscei ver of Figure 7 in the nose of
a tube | aunched projectile. 20 In Figure 1 is shown a transceiver according
to the present invention which conprlses a voltage controlled oscillator

2), i (4 d Th |
Cont rol 1 eq ecotarney 1 Bpiqed" et Tl pefo indt duees, 366, SOPRMEE 2t angul ar
vol t age 23 t/navelfmgrto ﬂﬁ&atatgatlﬂoattbne 6unnaed tisadkhe Tlnmmmeodjelagehwav;aform
t i chir
ol T TR B AR T B TR T P
Part of t hedeteglmme the dalﬁ@etdfytheonlmwlle droamdhe rtargati (or dbeground). ant enna
(8) and 4 hegﬂf)tbéﬁ‘ﬂw Eh@fdlffél'@née_gﬁ‘%hé Be%&%'r Uctosdilie Rgﬁ%éscér?ggél | at or

(LO port 3 e m xer he radi o frequency si Iated by
t he ant ennau$®y tondgteranne otm mlaw.\@l@mty@ﬁmembeatamt I(opdhe of the

radi ated powrdurdy &fd |tﬁét|§’l@hé%§ﬂe< Wh"shén@%ﬁﬁé\ﬂ (SBhufdbid i Ged Ar by the
gr ound. Thlf returned or ec

0 Si s divid into t rts, one part is
Soonlod 1o langer ataes: Gecetss PRrhoh: ranges: fie ie; Ay HeIveRs ot hor 35
part is coufransmittedcarghd eeteivetiedignald He tuecidhost dor (tPansmittéd2aABR 2003 8

Fi gure e c with tine
of the f%.dl gg%rj\?ecfﬁﬁn ggm g%%%ggcﬁﬁﬁé%dt ?Q%I 'gn%fbgghéi@g%%% R@Pgﬁt enna (8),
i e. the frenresigd whielatgulsais illdreaing transmitted.O and RF ports of the mi xer
(4) respectively. The transmitted signal travels from5 the antenna (8) to
the ground and back at the speed of light which takes a finite and

measur abl e Thifepuised; modegof epgyatiorhean b usgddn compinadionewibribe to t he

i nternedi at gg Uéﬁé&e%lz}nﬁ 'Fhod)é'blﬁlﬁpefréﬁﬁﬁ Heecﬁﬂébeébééé A8ldnfdiapgeed above,
t he vol f,gge coFt rolle

cill ator IS ntr ol b acontln ous | i near
L ol 52 i Tk P amnRly PeriiBdn Folsecmags 1o Soterming 1B AauEHI ooyt put
fromthe osthé Itaa’get (dr2dhenhratind) reghey gee/elcmltylm%Wefuoemeetmgets(meme(or chirp)

"m0 the Lo '{0%5?“%{%%9%@@ of &fe cAlfybRRistetgs S e Cop S ' 7P

r epr esent at dewnofuntihét fis edosarcio tthantarget ¢ar libetgl@ualdt)enﬁ'élem;)ataad t he
[ MPUL TN Lhsi BBkl BhodierddiPind Hued dai 68 hORISS i RAqiehdy aure 2)
I recerved by

is representati ve O the reque enna he m xer

(4) t hed0geNapar@egde tq:cal@utase Itérr@pgeéméaewg@.ti(%mg@m )anidn Fi gure

2) whi ch 'Sabﬁ@étéstﬂetﬁéyldﬁd%ffth@%rgjfefcfnl%rﬁﬁéﬁ tRgtpaNatdierdrigaisemmey of the
LO and RF p reguency transmtted bythe antenna (8)

is either | |dﬁ§5?$5)/ Ur?cfpééé‘fi\‘@'%‘roébelqaﬂ -y decreasing the difference

bet ween the frequency transmtted by the antenna f, and the frequency

ecel ved by dhe ARl ALlorkt bt Uy e brdsSAR rEISHEE bt B R B gnal 1o
reach tﬁé t &lgbe lanh‘&ﬁ Rriciraiite atnrm\pbemga fuzetasadefingd abovée antenna, ie. it

is directly and linearly related to the 25 distance of the antenna, and

thus of a projectile carrying the antenna) above the ground. The frequency
of the IF oJ:tr}ﬁupr%% PN@“H?'?(eW'Hl goy; peceeser ¥ith sptarenes tt ﬁe?}ﬂ oduct of

t he frequenqdu@vsﬁﬁm%@#eg it Misn: (the rate at which the 30 frequency of the
transmtted signa anges with tine) and the round trip tine (the tine it

takes for the transmtted signal to travel fromthe antenna to the ground
or targd0 and back t o Ripereant eshays TEchemationdllyt r ap ttanseeiver egfiathg o twi ce

t he range of régﬁ}@,gheg%%a&t&eq L@%ppﬂe%eﬁﬁﬂvgh%r?nce of the antenna fromthe

ground or t rge VI

Figure 2 is a graph of frequency against time showing the
radio frequency signal transmitted and the echo signal received by the
35 transceiver of Figure 1.



35 of light. When the internedi ate frequency output fromthe mxer (4) is
known t hen: 9 R=cSfl2d 0 2 APR 2003 where R = Range (n) 5 c¢ = Speed of
light (nm8')' S =Sweep tine (s), ie. the tine to sweep fromf, to f2 or vice
versa f = Internediate frequency (Hz) = Chirp deviation 100 ZrARR 2808 t he
projectile is to be set to activate its payload at a range R, the reference
signal with which the internediate signal fromthe mxer (4) is conpared is
the corresponding value for f. As the projectile gets closer to the target

or the ground the ti for sl g ived (8t in
Fi gure 2) decreases ﬁﬂh@é?hﬁﬁc@éﬁﬁ@g&% gﬁ%?tfoﬁﬁge?r%ﬁéﬁ%nnecy of the
t ransm t t eccatiplgrafor pbe divthd trarsoeierdfddigwest.gnal (dotted lines) wll nove
cl oser together. Thus, as the projectile approaches the target or the

ground the frequency of the internmedi ate frequency signal generated by the
mxer (4) will beconeFigoresdais ar graphenf relativetrawasdagaiast fregueney i s equal

to a refger egifvihg WHE ALt ofdRe PAINGY & BhHFARE \CBu Wi f reespRAsa to the
range R at which t he tyI Oa'._gﬂl s to be activated, signal processing nmeans

pa
responsi ve $18nalHg MR dMtRRATRle frequency signal generates an activation
signal that activates the payload. 25 The transceiver according to the

present invention avolLds t(l;gg Brobl em of .vqriﬁbl e lgr gunﬁl Eef | ectivity

because it conpares t HEYF¢ ey & ﬂWﬁ F HEVEPALSRYRIPEGC NG rséﬂ“gbtl%d signal s
and i s not BEigpendkinta tng forenatign.i t ude of the reflected signal to determ ne
range. 4phe present systemis only 30 dependent on the anplitude of the echo

signal to the extent that there has to be a detectable echo signal for the
systemto work, howeviigure Bi shows schematicalyr a desisgaiver simiarsipsthain t o cope

Wi th the wogpst; Gﬁﬁ?bﬁngﬁgéitﬁéﬁng%uﬁlé}r@Hﬁﬁuﬂé5!9 coupler (6) as shown in

Figure 3 is uséd in th rangeient of Figure 1, because it is directional,

has four ports and
Figure 7 shows schematically the preferred circuit layout of

15  the transceiver shown in Figure 6.

Figure 8 shows schematically the location of the proximity
fuze according to the present invention incorporating the transceiver of
Figure 7 in the nose of a tube launched projectile.

20
In Figure 1 is shown a transceiver according to the present invention
which comprises a voltage controlled oscillator (2), a mixer (4), a
directional coupler (6) and an antenna (8). The voltage controlled
oscillator (2) is controlled by a continuous linear triangular voltage
25 waveform. The oscillator (2) converts the input voltage waveform into a
radio frequency signal having a linear frequency sweep (a chirp). The
oscillator output signal is divided into two parts by the coupler (6). Part
of the signal is directly coupled to and transmitted by the antenna (8)
and the other part of the signal is coupled to the local oscillator (LO) port
30 of the mixer (4). The radio frequency signal is radiated by the antenna
(8) in a semi-omnidirectional manner and a small part of the radiated
power is reflected back to the antenna (8) by a target or by the ground.
This returned or echo signal is divided into two parts, one part is
coupled to the radio frequency (RF) port of the mixer (4) and the other
35 partis coupled to and terminated in the oscillator (2).



10 D.2 APR 2003 provides at |least a 3dB power split. Also, it is relatively
i nsensitive to other conponents in close proximty and only takes up a
smal | amount of  space (preferably a dianeter of less than 30m) as it wll
have to be located with other conponents in a small space i 02 APR 2003
projectile. The 5 coupler (6) operates a frequency of 2.45GH# with a
return |l oss and isolation of at |east -15dB over a range of 100WMHz. The
branch |ine coupler (6) consists of two parallel transm ssion |ines (16)

d (18 ted by fwo t | h | 10 (20 d
(52) ' whi ch dn8uEn i 2 SohgMall Tebiessh Rl BE 4w HeHRERE TR o5 P on and
branch | i neswiti tntrieeofdhemadro fréuency s;gndlwtcaresdnmed\mdrrenwepltacthe of

dpl
o Puctor o eERAS B8E 6 SheSequbh,TorEriy 6t the bEns® RO BE
t he coupl er Rasts of the puxerp(4)trespeetivelo Bmltr@ppwted sighghd@vels Hoadrature at
the opposi n%émtémet Etatihé G?OL%H ahé gcl?%ﬂhé"@béec{éﬁﬁ‘gm%ﬁl%%ﬁé’éﬂ when

t he coupler ( ) IS corec termnate into

Port 1 of t e fgepaed meyswable tignes {ph 0 | Frlg‘t“iﬁoz&t Tocimentaken) (%hd appear
at Port 2 a%r%%lgbnas%tt'heam't@h?édlé(@ ﬁéh@é{n@} (I?‘?rdutﬁutofroﬁrg% ngiket i ve to

| nput T peddASaAsindicatecahves e otags conBaldstosaiaier 80 oRpataler’i (o
gﬁ?elult ed %ﬁwﬁf‘t‘ﬁ“m@“@ |in@aFltgmgulér \ablt sfEvefortrhe T lgehlemtesra t |h§ = nout
ot Por ¢ 19 el refibRasabibuf fém hé o8clbR f HED G ulopldRaMkED L (6

i s achi eved fe&qu&myaswaemdmacblrm)ahemmﬁ 2y Asaamhamemnﬁte ﬂél linee coupl er
(6') shown '@ogbeprgg gzcomé@%t Hﬁscﬂhe[@Psmkﬁé F(i)@ér>(§5 %fuﬂfnmb»zabgnt to the

coupl er (6) g as this
gi ves a spacd@ Eigurag?2) 3@ 'ﬁngﬁQi‘tét'\éﬁ]&K/sﬂ'@ freqyesy visangnitedadyt 1@ hat in

(6 as descphnd 10paNEIGMbInt e RETROR oTtheltnker KR faced e 20 e,
S

CoE, 90595 A2 0o Al &)1 pofRPete R ebiRa( Berboanenoheeosved |34 e (2)Fs a
tyge WV- 1425awénham8)e Th@gm }EIDAPthén gené:ﬂ@éeaanﬁmtmﬂr (répreseatsd byt oE 6( )2)
and m xer n r as
o shown i n OTEreneRs 19 Elable D ARG reBpEhuBvE, i e kg ¢
i ndi cating Ib&tweenlma)fmqaeﬁcwmghpakQSQnd Rorptet inputs.onBecauss tee. The
coupler (6 ,,dep%) ' t 34
andp36) (anzjfr%ﬁje oscl ﬁgl‘fifﬁea gﬁf%ng'ﬁ?ﬁeﬂﬁ?ﬂf%@pmﬁ%ﬁh’q’% Lg gn(e of
t hese s@&trlme@gly(mrea@ngﬁb;%f&meﬁmbewewthmfraqgaw Hangmltted y

the antenna f, and the frequency received by the antenna f, at any time t

(See Figure 2) is directly and linearly related to the time &t it has taken
for the transmitted signal to reach the target or the ground and be
reflected back to the antenna, ie. it is directly and linearly related to the

25 distance of the antenna, and thus of a projectile carrying the antenna,
above the ground.

The frequency of the IF output from the mixer is directly proportional to
the product of the frequency sweep rate (Hz/s) (the rate at which the

30 frequency of the transmitted signal changes with time) and the round trip
time (the time it takes for the transmitted signal to travel from the
antenna to the ground or target and back to the antenna). The round
trip time is equal to twice the range of the antenna (the range is the
distance of the antenna from the ground or target) divided by the speed

35 of light. When the intermediate frequency output from the mixer (4) is
known then:



Figure 8 shows a proxinmty fuze which uses the transceiver arrangement of
Figure 7 located in the nose portion (26) of a projectile. The nose portion
(26) can be fitted to the remainder of the projectile (not sb(%\/vﬂtg

contai ning a payl oad. The nose (26) houges a battery (28) for powering 10
the fuze, control electronics (30), a receive electronics (32) and the
transcei ver arrangenent of Figure 7, including an antenna (8). The control
el ectronics (30) generate the triangular voltage waveformused to drive the
voltage controlled oscillator (2). The receive electronics receives the IF
signal generated by t e_%rg‘?&acei ver arrangenment of 15 Figure 7 and conpares
it to a predeterm ned™n di ate frequency val ue which corresponds to the
di stance fromthe ground at which the payload of the projectile is to be
detonated or ,acti vat e%_\f}gen the) | F frequency generated by the transceiver
ar r angenent &e r&i gure' 7 i to the predeterm ned internedi ate
frequency val ue the receBpeedof éigkicimshi cs generate an activate signal
which is used to actiat d . of r{gugl' ' et erm ned
i nternedi ate frequency\/sav2?\;t‘JIESBwqu,ﬁ(é g@ éée)tthbqﬁa v&eéne%d)ffg\me is céﬁarilespondl ng
to different activati ¢icenegrgadts suitable for different applications. 25 It
is also possible to ¢ quency at which the activation
signal is generated ggl&ﬁggé}médé}sfﬁyaeﬁ}: ngnt mechani sm using for

exanpl e vol tage t unabldes™ Ghifpedayigtin shovvn) However, a sinpler way to

change the Trpageif e Projedtile hetd b settet dotivbasits baylbaulamdralngeby taBangi ng t he

i onal | tr ancrerese nahath st L tieteedpfsions FamabRdtNar L4 Bequency a
whi ch t he feomparedsthescdrhespoagingpebicefertfant. For a fixed internediate

frequency f, the sweep tine S wll be proportional to the range at which
the fuze actl vates the payload. So for ranges the sweep tinme can be
i ncreased add$ ther prirotie getsplpser 85 thenda gﬂg@p the geownch thee timectakgsed. 12 0
2 APR 2083 ‘fhetneséiid ébﬁél {02B %%&?t |h®|%%ezw@éﬁ}é§§e§ane% e the

groundpl ane substrates andw ring coupler ' he

ant enna (8) W@%"@Ié:églﬁﬁzgfaﬂ\e ‘Tﬁ%‘ﬂHeWt@rthééfaf@W'ﬁ?ﬁégﬂ%(QJ?@'&P"?@ det ect
the ground i @&Hdswr(d@&éd Ahéd)twitlemavd dicddr tegatet.i ONfusfast the 5
ammunition in fl The uency vari,ation of &e out ut off¢h1
ooct il ator Po9ieslibhaRprFEnet o Broe B Re: RuREn i reqBhty B ¢/ om
about 2. 4GHintetmb¥iate f&qﬁ@ﬁz:yaﬂlgria()\genﬁnatedegy dhe fmixer 34) will Decanequat el y

t t hi
thi s regfon Sellef. e iBes é‘%f"éﬁ'&r%ﬁéﬁ flet 15 S "8, 2o Peelaneel ) Ol put
of the osci Ifteguency X)as natchl te@rajmvefwbrahtcorvasnmdartoum zoEepBakt t o peak,
whi ch is adgghial et{drp é)ESa&Pr?ssq t bRPRIctiGA{ddO N sighal T&%cgéﬂﬁgmn’ié’arféjze

descri bed above is cah be used or det onat 1 on an es o0 ween. 3 to 15m

for high expPeRONAVE R theritermedinatesiregiensgyotigna mﬁﬁqraws an @efivaiiaton 1 ares
and obscur arggnd] ehadksctvated Pie eyiagd. rounds. 20 For | onger distances, in
whi ch t?s received signal is separated fromthe transmtted signal by a
time peftod greater than twice the sweep tine (ie. greater than a single
period of tHehe triaasrg&ivmramwﬁﬁgltmmspnesteot weatian @voldsrtpe, prohleni ake

di t d node.
ocor 00 | QeBRIPLRIGH (AMADK) YeckhoB!E BN, e RIS, & il sed, moae
from t he antteansitiadiand wéleéteﬁio%malstaﬁdsISrrméie:a@ad@ahmbéh%aap Meaet erm ne

the di st ancefGhelrdfefted eﬁgﬁél't% &ét@mwﬁwﬁera%éunﬂhe Bﬂ@sérﬂ's”}lstéfrﬁ .§f@ﬂ59e intine
del ay f%r successj ve pul s
i

ed t0 dete o] of the
proj ect Pe igerandent on; g a@pﬁl@gﬁqﬂ |‘?—Ph°r %‘95?( %H}%eftﬁ@t &’qu‘hﬁ}/e The pul se
wi dth could HH% sbe haddteatably ectisl signdDfdrahd sisiene s eorkishowdierhthioul d wor k

down to ran of u A b ssible to
di scrim nat at W@Z‘ﬁ? ‘E&dﬁgg{%ﬁ%ﬁgﬁd&s&%@ 3‘23&}& tvéﬁpqhgs\gﬂ%sga é)f or

exanpl e, 10 ¢ariditéeenscoul d be transnmitted and received and then the

transm ssion of signals could be switched off for a period dependent on the
measur ed di stance 35 and velocity until the amunition is closer to the
ground. 3Bft e Brancke linel gpuplepetieas SHPWReiNfdgueusl ys cHpeqd) Bt & r ange and

vel oci ty whegrrangement of Figure 1, because it is directional, has four ports and



~ 2 APR 2003 13 the projectile is close enough to the ground, the

transm ssion of a radio frequency signal would again be started and the
fuze arrangenent could be operated in internediate frequency godﬁ&(zi e. as
descri bed above in relation to Figures 1%)to 8) to detonate tﬂ a Bt i on
at the 5 predeterm ned hei ght above the target. Switching transm ssion off
for a period would help counteract jamm ng. The control electronics (30)
shown in Figure 8 can include tiners to turn the proximty fuze on and off

and to sw tng\}?&ééﬂ%?meé&?a @Hbsg&véps@ﬁ?fﬂfsbw igor%‘?at%w m%%ﬂéiti(/égses and the
frequency varying operating node at sShorter ranges. I pulse node the
control el eSS fABPRRENtHAN CiR8e PEXiDitK 286 toniv éakasnge 2oSMaR@MUYE from t he

target or tbﬁsﬁé@é"@&eﬁ’éﬁ@@kdé GarABtel [ Iddsinag TdmAt)isSiewdl Rgvéksipeecei pt  of
successi ve pulses. ., ~.~ APR 2003 .14 CLAI I\/E 1. A, I‘BXI m t _&uz&hf or use in
a tube |aun!§¥@§e<§M§%etthé%%99%% It Ap3YPR é@?CEdﬁﬁ ?s‘?rﬁb%‘/:t' -anN8sci | | at or
;or genes at icbgpl@rlc(ehbbatme§ a:ct@freqtflér&ﬂﬁ_JeﬁQM&‘?@Z\&HtW\b!r@th&Sssig_mdr]}/i ng
requency, tenn r.transmtti continuous radi o frequency
si gnal and ?ﬁét}nogkéﬁ %ﬂﬁégtaﬂSg@h%ve&a @H@eé’éﬁ?’Pmﬁs radio 10 frequency
signal, a signal processor conprising mxing nmeans for mxing at |east part
of the trangip.tfed i Iﬂ%akgl‘ﬂ\bltep r@i c{)ﬁﬁétrs &fhio ?aréliﬁ? tRAHShiSsi8AAnes
smultaneouslé/ recelved, tO generate a range signal conprisrng an
i nt er medi at €16) aa@ i), cEasgreanngicted by twecauats; wavelesgibnbianghimeso t he
di fferenge behmgea (Qii'gvsfh'icﬁﬂﬂ?é‘%%aé@d fa?;ﬁrttﬂy'ﬂ‘as artédwb@sleAgft. eHéRBCY Si gnal
and the si m{I| t'aneously recei veﬂ ﬁcho |ggqal , ans ;or conﬂarl n% t he range
signal wi t h@nsayesiencand; BranchaHaes e Mg nepuRiet HE) rargusangyvighgs
cogp%i son getesdh twg p@étf@ccbﬂ gi?hhdﬂlaﬁé@u@btréw (%Céhdaﬁiiﬁgiigm &)ﬁtﬂ Oagg 20
an erein ir ion oupl.i neans.is_psed £or coupling t radi o
frequency si@ﬂgﬁ Sﬁﬁé’fﬂe[ ﬁtéucggﬁc’)l"? Q’?%?oqvcgn[tlﬁgagw@gnégwghHH{))@nyﬂJ es(fl"afgnal
processor aftie faur postspdfithg colplerdGpwili maplitfintontwohanchappearintphasee si gnal
pr ocessog. ' ' kol I amn whi ch t he
fuze ac? |5vat%@s?a{%é*épgg&o%gﬁﬁégbgﬁé?ﬁééﬁ%%%%kaé?fdné& t E“é‘@e’%%e I'me of the
frequency va&oyeuigutiweal thereaupien (6dds sorraatiie terminateds t Fareexample; ke
reference sisggial iGRSh& Port 1 of the coupler (6) will be split in two at junction
(24) and appear at Port 2 and Port 3 with a relative delay at Port 3 of
A /4 relative to the output from Port 2 and no output will be received at
20 Port 4. The input impedance of the coupler (6) was selected to be 50
Ohms and its modelled output is shown in Figure 4 which shows the
variation in the output powers of Ports 1 to 4 with the frequency of a
signal which is input at Port 1. It can be seen that the 3dB split required
for the coupler (6) is achieved across an adequate bandwidth.
25
As an alternative the coupler (6') shown in Figure 5 could be used. The
coupler (6’) is equivalent to the coupler (6) shown in Figure 3, except

that it is formed into a ring as this gives a space saving.

30 Figure 6 shows a transceiver similar to that in Figure 1 (with like parts
having like numerals) which uses a ring coupler (6') as described above
in relation to Figure 5. The mixer (4) is a type CDB-9025 mixer available
from ST OLECTRON CORP and the oscillator (2) is a type MV-146
available from MODCO. A suitable space for the oscillator (2) and mixer

35 (4) was found inside the perimeter of the ring coupler (6') as is shown in
the detailed layout in Figure 7 (again with like numerals indicating like



30 3. A fuze according to claim1l or claim2 wherein the radio frequency
signal has a linearly varying frequency. 4. A fuze according to any one
precedi ng cl ai mwherein the oscillator nmeans conprises a VOl@??E controlled
oscillator. 35 0 2 ApR 2Q~9 15 5. A4fjuze according to cl PR#88ei n
the fuze additionally conprises neans for generating a linear triangular
wave formvoltage for driving the voltage controlled oscillator. 5 6. A
fuze according to any one preceding claimwherein the directional coupling

means Co”prb§|?§) fh Grdér & d’éﬁl‘é@b{@‘%ﬁ%@raﬁﬂﬁ Eol nggg'Erséﬁ’dWibhé& ng four

ports. uze according to wher ei n t e tor means and t he
10 mi xi ng nBaieen éWPo%'SP% qfi grouRdalang, subHmtE ct34d apg ga)a Mhrther

wavel Sngt ht bseilatar $2) and |m|§6|5(4)fv?/mfs¢t & eg1e bf trleﬁhen?wmh@ge sgbstfatgsltze .
accordi ng rece ein e fuze is adapted to allow
operation |ﬁ3§% q@.{ﬂpﬁ@?ﬁm {}%”c fr&"fﬁeﬁl ng a 15 pul sed radi o frequency

si gnal . ®. A fuze according to claim8 wherein the fuze conprises neans for
swi t chi ng b r operating
mode. 20" 10" B eB o & RioRR Yt RSt a e SR et Rietiet °FC" 21y
one of cl ai akFigure D located AnAheAE)SA portion ARG pof A projectiiacs Foensgse
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value which corresponds to the distance from the ground at which the
payload of the projectile is to be detonated or activated. When the IF
frequency generated by the transceiver arrangement of Figure 7 is
equal to the predetermined intermediate frequency value the receive

20 electronics generate an activate signal which is used to activate the
payload of the ammunition. The predetermined intermediate frequency
value will be set at different levels corresponding to different activation
heights suitable for different applications.

25 It is also possible to make the intermediate frequency at which the
activation signal is generated adjustable by an adjustment mechanism,
using for example voltage tunable filters (not shown). However, a
simpler way to change the range at which the fuze activates the payload
is by changing the sweep time (S in the equation on page 11) of the

30 frequency varying signal transmitted by the antenna and keeping the
intermediate frequency at which the fuze activates the payload constant.
For a fixed intermediate frequency f, the sweep time S will be
proportional to the range at which the fuze activates the payload. So for
longer ranges the sweep time can be increased and for shorter ranges

35 the sweep time can be decreased.
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ammunition in flight.

The frequency variation of the output of the oscillator (2) with drive
voltage is such that the frequency tunes from about 2.4GHz at 5V to
2.7GHz at 10V. The region from 5V to 7V adequately covers the
frequency band of interest and the tuning sensitivity within this region is
about 90MHz per volt. The linearity of the frequency output of the
oscillator (2) in the range of 5V to 7V is around 20% peak to peak, which
is adequate for the present application.

The proximity fuze described above is can be used for detonation
ranges of between 3 to 15m for high explosive and smoke rounds, at

around 80m for illumination flares and obscurance rounds and for cargo
rounds.

For longer distances, in which the received signal is separated from the
transmitted signal by a time period greater than twice the sweep time
(ie. greater than a single period of the triangular waveform used to
generate chirp), the fuze according to the present invention is preferably
operated in a pulsed mode. In pulse mode the time taken for a pulse of
rf signal to be transmitted from the antenna until the echo of it is
received can be used to determine the distance of the projectile from the
ground. The relative change in time delay for successive pulses can be
used to determine the velocity of the projectile in the vertical direction,
ie. relative to the ground. The pulse width could be as short as around 2
to 3 microseconds, which would work down to ranges of around 500m.
At closer ranges it would not be possible to discriminate between
transmitted and received pulses. A series of for example, 10 pulses
could be transmitted and received and then the transmission of signals
could be switched off for a period dependent on the measured distance
and velocity until the ammunition is closer to the ground. After a time
delay dependent on the previously calculated range and velocity when

(34,86 b &high sandwwm;MGng@ouplgoq(@&;& ()-
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5 predetermined height above the target. Switching transmission off for a

period would help counteract jamming.

The control electronics (30) shown in Figure 8 can include timers to turn
the proximity fuze on and off and to switch between the pulsed

10 operating mode at longer ranges and the frequency varying operating
mode at shorter ranges. In pulse mode the control electronics can be
used to work out the range of the fuze from the target or the ground
depending on the timing of the sending and receipt of successive
pulses.
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an oscillator for generating a continuous radio frequency signal
which has a varying frequency,

a single antenna for transmitting the continuous radio frequency
signal and for receiving an echo of the continuous radio
frequency signal,

a signal processor comprising mixing means for mixing at least
part of the transmitted signal with at least part of the echo signal
simultaneously received, to generate a range signal comprising
an intermediate frequency signal with a frequency corresponding
to the difference between the frequency of the transmitted radio
frequency signal and the simultaneously received echo signal,
means for comparing the range signal with a reference signal and
depending on the result of the comparison generating an
activation signal for activating the payload,

and wherein a directional coupling means is used for coupling the
radio frequency signal from the oscillator to the antenna and to
the signal processor and for coupling the echo signal from the
antenna to the signal processor.

A fuze according to claim 1 wherein the range at which the fuze
activates the payload is varied by the changing the sweep time of
the frequency varying signal transmitted by antenna whilst
keeping the reference signal constant.

A fuze according to claim 1 or claim 2 wherein the radio
frequency signal has a linearly varying frequency.

A fuze according to any one preceding claim wherein the
oscillator means comprises a voltage controlled oscillator.
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directional coupling means compriSes a quarter wavelength

branch line coupler comprising four ports.

7. A fuze according to claim 6 wherein the oscillator means and the
10 mixing means are located within an area bordered by the quarter
wavelength transmission lines of the branch line coupler.

8. A fuze according to any one preceding claim wherein the fuze is
adapted to allow operation in a pulsed mode, for transmitting a

15 pulsed radio frequency signal.
9. A fuze according to claim 8 wherein the fuze comprises means

for switching between a pulsed operating mode and a frequency
varying operating mode.
20
10 A tube launched projectile comprising a fuze according to any
one of claims 1 to 9.



