., pge3eF_2F\ 46T2?G& , _ ,", m PASSI VE VELCCI TY DATA SYSTEM Thi s invention

rel ates mm [ ile that is fired froma gun or a | auncher. Mbore

parti cul mﬂwmuwmmmwvention provi des a passive system by whic mm
vel ocity of Lig,Projectile is accurately determ ned upon exit T\“\\‘mm‘m‘\u\\w
muzzl e or |auncher. The velocity data ;‘g then utilized for interng|. ..
conputations within the projectile fof,) but not limted to, tine o Pﬁight,
burst point prediction |0 and sensor initiation. Sem -smart nunitions have
the capability to nmake i eqQl.si r g i nt ended functi on.
The | ogi cal decision i ﬁé%ﬁ%k@ﬁwlﬁméﬂiow ded to the
muni ti on at | aunch, as 15 opposed to a smart projectile that nmakes a

| ogi cal decision based on information received in flight. The sem -smart
nuni tion may be afpisyjavention redatesckoaa Rrpdertide EhabodB or rocket.
Wil e the spggirklaC#irbnal udese’ hPedunenke!. "EMBke2Paptoathtllgs, a subcl ass
of munition that ,is | aynched froma gun g&rrel b{ a Broeﬁleng force that
acts only whithe dn¥eption.preyifes,p RRsSiNge SYRCHR, P¥ WBLRR FM€ention is

i ntendedst 0 @eqoEitys ofltheypedjettilei isoascardtediyatetetmineds. 25 In the
field of sem-snmart .praqjectiles ' sour rorm,.@ determning the
term nal pOSPPPBHGEF%t%k%§r8F§CFPﬁeE§?g%ﬁn? igﬁu?éhgﬁé e??gr in accurately
knowi ng t he medpedtyl dataj dst thenvutddized Eexninternape best propel | ant

systemto 30 clgiieard olsOdthin® tnan3eeqRERANG ¥8E| abuenfotn |aunch -
velocity occur, due to environnental conditions or, the sli, est variability

) . L

in propel | andigited $e2ctive; pf; £dighbwi RYTHLeBoLY prgglglfn}pp fuzing, to
beI abl teltog Ilalifﬁt istahgafr dngit\i_alti:mggte or hse]'E of cpnﬁi tions, accurate ini ':| ial
vel ocity data nus conmuyni ca 0 the e W ving projectile
or- nunition. The §eﬁr§fngpl':vgpgé?:gyngaiigvgaﬁﬁphgﬁ%’gbq&ggﬁ 8 relate tine of
flight to thealtesaanogicadydeedsibnnyegpstidmy havdnbendedi scl osed to

o traneni ¢ CRBCRACRs + aig, abuidy, a8 Lol 350 uRUsI 1P pABKA RC TOPEC LY

to transmt fa“fo the , 677,376 to
Ettel et al. isiformesdonf provided teathenguadtdencati dauncbunderibing the

barrel 4fs @ aRARa Ao il Sta Og%tjieb‘f:iflier thakmakest &' 2ghchhe rear coil
generating a rst. pul se. Subseguently, the 15,§r%{ectlle gﬁsses t hr ough
the front coidecdeionabrggda ofedst® n ERGRINGD: A8 &itdO8%ce between the
two coils and the Themscidi-anairt! antivwionu mags bel anys typesolfl e to determ ne
the projectile vel.ocity. It is alsa.k t as\r vel ocity of a 20
projectile ﬂﬂ%&lﬁﬁaf‘@oﬁ%w&ﬁgﬁ%ﬁ%ﬂaﬁﬁg% hg'o%?%jte’cti | e by radar
and det er m niWhg liehéhier epecridyicaltiion dse degcrtideboipl serasf oft . This

techni qug, | S@ﬁ?oﬁé@# gnausg'béi%tspsmof'\lgmnﬁfta% Lat! 2sTduheneat al . 25

U. S. Patent 6 to_Schmdt disclqgses information such as a fuze
timng del ay fEeMmanidds darrels byr § SrcPed 1399, forsss ePCE8i | nounted on
the end of a1y kine thed proddtdlieng sawithdonithel et batedncy. The

projectile h an inter,nal .coi,l .that det ec t he f.re y _Qf
oscillation 3%(? Vs ™ Hi%s "inrﬁe&%r?&?%c?n etngoénz:tasg aldci &?’%%t io(r%e del ay. The
primary purpasmitfiomst iand dellatedizieviisess have the projectile function at

a given gi stance n;j:hfer %%ﬁtﬁ%g%eﬁqﬂsgﬁﬂé BrAledtin@d!, hOndgee range can

be an accurate net only velocr'ty 1,s accuratély known. The

vel ocity of ®qwrsjeesf lerron da fefaraining $he fierpinal posdtiey

of the projectile or munition is the error in
accurately knowing the projectile’s initial
velocity. Even with the best propellant system to
30 launch a projectile, unacceptable variations in
launch velocity occur due to environmental
conditions or the slightest variability in
propellant grain size. With the growing need for




5 can create large errors for sem-smart projectiles needing accurate range
versus tinme of flight data. Many factors influence the variability of
projectile velocity including slight variations in the propellant, changes
in tenperature or humidity, gun 10 barrel tenperature and the size and

wei ght variation of the projectile itself. It is known that systens exi st
that nmeasure the velocity of a projectiFe by utilizing a pair of spaced

i nduction coils that detect the passage of 15 the projectile and transmt
spaced pulses to a ballistic conmputer on the weapon system The ballistic
conputer calculates the projectile velocity and transmts a corrected tine
delay to the projectil.e fuze thraough thrd,i,nduction goil to 20 adj ust
the tinme del ﬁ“a&l&sg&z&?gt'héwc%’ﬁp@?’g& ﬁ: u?&‘ﬁ‘c\}@%‘ciat a ?ﬁré’eﬁ‘ri or art systens
have dr awbachksangéhror clett lof wondd tdionssy sicewgrade \indtdaldre t he | aunch

vel oci 1y of L JuithPHldta® ikt 4R TSRS hel Buge NfOrmalion to
the fuze. The systers that do address ,comuni cat,ion of corrected velocity
data to the Mixhig &he,poviang projegtides oxn@mupitiony « THee coils mount ed
on the bayr §|irfiﬂ;g.ol£1f iv@fld@ﬁt@;\@l&'tap@&%_f th@ndlﬂevﬁsbhet%yd%b&@te'rh_ese_ systens
are required t.0 .0 e geasyring, c uting and transmtting
functions intine rﬁftogd"‘tgﬁi?\e Cn §1 s&@?ﬁcﬁe%’gpﬁyetlﬁg'di stance fromthe first
coil to the gun bMamyl systiemsntaiviec heen disdlesed o tetefimdne mited tine

Y Vbt OultNe KT KR 0lklnl paylr o] ectil e the
signa

-4 interval .
system can hgkgfﬁﬁgﬁg'the amount’ o processing performed in the

bal I'i stic corihe @apartidye toy Sramsndte theevedocityt dats poojtbetile is beyond
comuNi Ggf | OyzNge (6.1 BRtne NO1€ 4G 8F7PE 38R0 tée ERtiely etahd i s ready for

transm ssion to the fuze. Accordingly, it is an object of the invention to
provi de a sySigfloses d&odtnands reps dBAyStipnoroidss projectile and arns a
flrJTtZ)edv\A' th a Wi&l&i_ﬁhsdﬂ‘!imnld fthieS barireat u»lfeaOfweTablﬁni.n?/ﬂmfiiQald t hat hi n one
enbodi nent, passive .si g ources are_accurate aced.al ong the gun
barrel and aprré%@&%&iet %zfsz'c?&rs?te?l ﬁ‘ﬁé’?gg’tg’ aé?% e® ?th he signal sources
is 15 pl aced gemeradrioigt lac firstepuillse. SSubseluentilyi, n&heons of signal
source r +1AC aal et e d I i on coi
recepto??pan %%Q%Q%égﬁ k%%gggU%?§§% ndkggn%g%@?o%gﬁgrggggggggﬁg 20 The
projectil e f@iSeFonds paksenenKnowlagnhey digtpngenpetweenhshe ne del ay

bet ween passage @foitliaea%'tu%%ﬁb %gu.@cgls_tméelhheher %fbhh@és(,zlgV%g) an gngoard
M Cr opr ocessor cqnputes roiectil e s l.aunch vel Qcity; an updat es
the tine deIQsta %Pigﬁiﬁgmﬂ %bfePrﬂaﬁgﬁﬂiﬁegﬁgpfa¥yhe system of the

i nvention elim nafres ishalsecknban tobaheasutesthe veloeiky afidatransmitting
coils onthe 414N a t i i, nat.l need for a
power s%@rce‘%ﬁS%%Qg%g %éggéﬁ,gﬁggi?ggpegagggﬁggggyfg%h%gégéb%ggsystens
wher e wei ght projiestddeaby. radar| andodeterndningagbei Srepuensynce the signa

processing i%hﬁ%EfQhEP@opQhﬁﬁb@pbh%rprE%%Ek'emhﬁﬂetabﬁﬁiaﬁbﬂgsdoes not
have Substj tute sheet - 2 N%%ﬁéggl -5to takgsglace i medi ately at the
a

mizzl e exit. dHFE1REEA Mo TeSs0 Npa| 4v 28l y8Patge TPMAOBertod, 10 to

1000 tines that. of the prior art systems, to deternmine the |aunch velocity,
ccor dare wi b t B8 mOBSANSANoEndr 8108 1960 s gan LT, AUA89Het or m ni ng
the S vel oci tipformatjion euchl as aofpzestiging delay communicated

to a projectile by a transmitter coil mounted on the

end of a gun barrel and oscillating at a controlled

frequency. The projectile has an internal coil that

30 detects the frequency of oscillation and utilizes
this information to set a specific time delay.

The primary purpose of a time delay fuze is to
have the projectile function at a given distance



.a first signal source supported by said gun barrel; a second signal source
supported by said gun barrel and with a non-signal source di sposed between
the first signal source and the second signal source; at |east one receptor
on-board said projectile that detects passage of said at |east one 10
signal source; and a m croprocessor on board said projectile in electrical
comuni cation with said receptor, sai 3T croprocessor having been
programmed to conpute the velocity of said projectile and having a timng
circuit and a logic circuit. In another aspect, there is provided a
sub-assenbly on-board a projectile that is 15 expelled froma gun barrel,

characterised_by: pt o t ej.ye ugal o] nals from
si gnal sourcggoéuﬁggrgﬁg onbggpg t3ﬁ8b2¥rg}§gﬂg E@ hsﬁﬁtgagg?d plurality of
signals to acancbepa0ceggurat§am§thpdrQlecé§s§hehénihga& timng circuit

and a logic QEKBH&EYDEQQEéﬁﬁﬁQtﬂh?hkhBﬁnd'5§ﬁaceei55199tﬂﬁea said plurality
of signal sources d fective o calc Iag}ghge 20 eX§E|SIO veIOC|ty of

sai d proj ect PreIecile £ixediErey BeTWReASs YuVarited-6f @8fgnal s and
sai d prograngag erehtacearye. efnoaaorbersanmeemarthprejeetmnenuded a met hod

for on-board_conputation o t he vel o pr.Qj racterised b
t he steps of I e&gRQQpQFFuHS aFangfpV§§%§8 %?@e 0? ?i&bbgngéggun barrel aty
an unknown 2Hawnyl factprsblinfiduengentheg VhEiabﬂéitYopfsnerpptpéet|Ie to
pass at |easiehyp i%ZgQﬁhlﬁaﬁhgeéliEHQpQE%QQtQEnﬁaiﬁ éaarel and spaced a

known di stance "X celvin I rst vol tage,pyl se and a second
vol t age puIsPreﬁeééﬁntpr6Pé§9?ﬁeiﬁa§§9§eré§5€6tPFehPPPQ#tXndg§§cond si gnal

sour ces aoandbarr%llb%bmbu&atﬁbéehnd £nbh¥i280adnd Heightcehedhtlibig said
unknown Ve|OCIt¥ onpgg%gctlﬁ 1% &%ctlle fromsaid tine

It is known that systems exist that measure the
velocity of a projectile by utilizing a pair of
spaced induction coils that detect the passage of

15 the projectile and transmit spaced pulses to a
ballistic computer on the weapon system. The
ballistic computer calculates the projectile
velocity and transmits a corrected time delay to the
projectile fuze through a third induction coil to

20 adjust the time delay based on the computed launch
velocity.

The prior art systems have drawbacks. Many of
the prior art systems only measure the launch
velocity of the projectile and do not communicate

25 this information to the fuze. The systems that do
address communication of corrected velocity data to
the fuze are physically large systems with multiple
coils mounted on the barrel requiring external power
to drive the system. These systems are required to

30 perform the measuring, computing and transmitting
functions in a limited time interval defined by the
distance from the first coil to the gun barrel exit
and the projectile velocity. The limited time



and known di stance "X', the tinme for cal culating said unknown vel ocity
being from 10 to 1000 tinmes greater than the tinme, for said projectile to
pass said at | east two signal sources. The above stated objects, features
and advantages will becone nore apparent fromb5 the specification and the
drawings that follow Figure 1 illustrates in cross-sectional
representation a velocity det er mi nat i 6 systen1n1accordance wth a first
enbodi ment of the invention. Figure 2 shows in cross-sectional
representation a fuse assenbly in accordance with an enbodi nent of the
invention. 10 Figure 3 is a schematic diagran1of t he progranm ng of an

on- boar d N CHONALENS Yo e Wit (UANNe" Ul Yrlel bidiLRbe el gqRpoC rent of

the information provi to an explosive projectile 1n accor e with the

i nvention. Ficfure Prajedisikeatthe isystess sagebandds andpitdee smaindn a

vel ocity det gJfMigigfriadn p%o%éﬁi Ipameﬁarﬁe tie badnl i@ty native
enbodi nent of the 1 nvent one enbqdi nent, .the signal sources 20,

21 are per mafEMPYRE et %W@tﬁﬂ}? Srsn s et ial 22 is a
non- nagneéX i ¢ pratjedtdlle sisibeyoral wumumigattdpn’ @angeabynithentdnieoy 7075 has

the 5 nom nal [ f 6.2.,0% copper, 2.1% 2. 9%
magnesi um Oti%f’/;%%?@f} rﬁf\n@@]?ﬁ% f%o %lér?c%:lyané) %t he bal ance al um nunj).
Al ternati vel wrmm dealtheofuge.nat erial may constitute a portion of

the gun barrel 12adokyiRig 1rﬁr B&tr @i FRAlect dEeneOAnvemtalonsour ce
material is that it provi cl ear sgparatlon bet ween the first signal

source 20 and@ W&%’é@@n@ sﬁY erermipnes,fhes vedocidy ofe nateri al

|nsureslmhataN@@@jdatﬂmgnaudldnmsl& E@&%eﬁithEatWQoﬁirSugﬂ&b sources 20,21
a receptor on boar theeF§gg l,e 18 rece|*§ two distinct signals. In
gﬁﬁ%

accor dance witth 150 2 EEAHHE dnvERtign . KB, HBLPMEn  described in
nor e detail bmhmdlmdmt,smgmalvsowmgmalzeoﬁrcaseametabbumateagh as Al Sl / SAE

20 1040 stee %%%g? man §HLO %()%hrd' gnre%p*_%&_g hat of 0.36% 0. 44%

car bon, 0. 60 nese e bal ance i ron € non- S|gnal source
material 22 |a§calm&el+yemnacd:9rma@ﬁasle ofc ithes signadospuyceshilise conposite.

25 In ajk e"%q@dw%-%ataaeﬁ Y g gRe i | suikappenal source 20 may
constltute t Erlnary material Of tthe gun barrel 12 with the non-signal

mat eri al ipationso sé@@ﬁ@lsF@N&Feséﬁpc€e?fPFP5nFPﬁé“&Gn barrel 12.
30 The enbodl(ad maghietien svidicess and an Undueitiond cpddsireeeptdrgl sources

20, 21, separa n fix dlst "X rovide a unique timng
signal to thggﬁgéjl}éc%ﬁl%gm% 5° %&h posemgénetogze%ﬁg\” ng the projectile
18 accuratel yeceptors its own gun barrel 12 exit velocity. The projectile

i's contgighs a recgped it t of L itile 18 past
bot h thgo?lrst 20 and&?%é Sgggﬁ%Qihh'%%sﬁ%&i%&?gesihﬁgrgﬁgh nbodi nent ,

t he signal sd&rc@é’mﬂué:eﬁaé?i’@c itdmen ded gy r PR&sage; Rfudt®on coil or
simlar devi gdgnadt soddes by AT projedtaueh F2nugiatad onel d. In an
alternative ciiod TS0 ok Boedsti oohBlies® e plEdk 170 the 10 receptor
launch velocity; and (3) updates the time delay
25 solution to the fuze.
Advantageously, the system of the invention
eliminates the need for elaborate sensing coils and
transmitting coils on the weapon. Another advantage
is the elimination of the need for a power source on
30 the weapon, a sizable advantage for portable systems
where weight is important. Still another advantage
is that since the signal processing is performed on-

board the projectile, the processing does not have



When the signal source is a permanent magnet, suitable materials for the
per manent nmagnet include ferrous materials and rare earth based nagnets.
Typi cal ly, these permanent magnets will have a 15 strength of between 500
Gaus and 5000 Gaus. Preferably, there are at |least two signal sources 20,21
separated by a precisely known distance, "X'. While the value of "X" is
arbitrary, and typically on the order of fromabout 5l mm (2 20 jnches) to
about 508mm (20 inches), the precision in SEEFHY FESK FégyPYf$@gl. The
time for the projectile 18 to traverse X is utilized in velocity

cal cul ations. Since the projectile 18 tyﬁrcally has a nmuzzle exit velocity
of between 152.4 neters per 25 second (500 feet per second) and 1524 neters
per second (5000 feet per second), the precision in nmeasuring X should be
at | east t Qo28kenplaceOinfrediaicll)at thpr mfiezlalekly. The Immroptod@eBOShasng hlatawetly st

preferably .025mm (0. 001 .rnch). As. .l lustrated.in Figure 2 he
projectile e @Srrl]?(gi 1nO(s)(t‘)Q[ ﬁg&sr:é%-gf)gg%t %%hﬁo?féoédargais¥sﬁe5?s’v§f t e’ltcﬂn%r?e Q}eol?ﬁﬁc}% he
proj ectil e Jddtyyddngiuct acatieeted piecdEs0mhd Raseantinzhechd il yCcondfils€ 26 housed
wi thin the -9 roLe tile hody .30. Preferably, . Qe m cr opr ocessor, 26, and
optionally al so Iﬁﬁ’é ‘?rg‘é@ﬁt‘%‘? Y QAR SR lwpfcmu# & P FHSIFRBE Bt he
proj ectikbe Jfooky of a PRIjédti) cOhplifigg:f uze assenbly 24. 5 One exenpl ary
projectile 18 is égtthe expl osi ve t%fe and anégins a safe and arm devi ce
28 and an expl odi fiet $EAl sEceapPPerind WytaldgvBdamelent wherei n t he si gnal
sources 20,21 aresPSKdTBREN oRR0BEIRra0 y LR ARRRECHADih AdGL ke the
receptor 23 is 1OShouse8 mﬁ?hin nnn ?%rro&%ﬁportion o? tﬁgﬁﬁ#%?%g§%+%
body 30, ordispased beiwearcthy firdt signdsndca balithe s¢rondsigsildeurod; t he projectile
housi ng. The indyetion coil. 23 i pri sed: Ltipl e revel utions. of an
electrically conagﬁeé1 tlo\?g%v)ﬁe?teo.r gﬂ'lﬁéﬂggg@wp@g{gg@ga{a‘&n& cks &% %Bg?m%?tqeas't one

r evol ut ilOnssign sdepenrdént on the strength of the signal sources 20,21 and
sensitivity of the.nicrqgrocesgor 26..d e ﬁtha%%S}ipduction coiI.has.%G
concentric | oops® BEBPEYSHh GiRrasE P10 BFYICHRG B ISR CPPRUNSETTHME e 20
2T T & G o Tt heed Lo measir g LT T T orent o berueen
passage (Tf PW@Cg@@gBPBYmQBﬁBW&_ﬁgugiaggéllo%‘b%%‘gs 20,21 and a logic circuit
that starts and EoaRkiRPasidie thé@ifgrdvided U Eubaéséinﬁlg!%ﬁlﬂoﬁfh prréjQ@tilé’ Phdt age
signal induced by the induction coil 23 by a nagnetic field erfanating from
the signdl skneHeefoma pm barplechegiaterisadibdr m devi ce 28 may be any 30

conventi onal saf ' : b YA

part of an open gf%c Fi ngfégél{?%ﬁﬁ E?‘&qktﬁr%f%g %!Scfyovl\]n& ?i #ggérﬁéﬁ%ﬁ’%@g éy}{gaﬁcgpped
into place ifn birel anteimsmits sad panalitg pf sigwdls tolremicropi@@essepl osi ve proj ectile
A A e R b B C RS R
provi des t heheedigtaiidei 'tX"Chatwest s2d pRedARy af wighal sontdey,adnd dffeetidet®naitwatec@elsi ng
t he explgsive projectile 18 to.bursi. Figure 3 .illustrates j.n bl ock di agram
an exenpitor bR EebG s atmirtly bompatit S ¢ et P iess el ae
wel | as thesiidpagiaimendiofnd0X"nose progranm ng steps with external events.

The first exter nﬁjl events are, in _either order, the |launch 34 of the
projectile 18 and ErEhGoRBFGNHeTFpisorroyided o methad forrppsbeard qompyiatics ofrthe
conpl et ed byeRpiYy StH fr8feble B@RLteriERH hyakasepsor: | aunching of 15 the
projectile 18 nay be t’hrough conventional propellants, as typified by a
rifle or canon. Rbre exusiling pdrexplosR projecdlekBemps ol iy Atagh ainkgowe
enpl oyedys Theeal.y requirement on the launch nmeans is that a velocity
effective to drive the projectile 20 past the signal sources and fromthe
muzzl e of the weapon ilgemchingviedtime, for said projectile to pass at least two signal sources,

supported by said barrel and spaced a known distance "X" apart by receiving a first voltage
pulse and a second voltage pulse as said projectile passes respective first and second signal

sources; and



Powering of the fuze 36 nay be acconplished by a battery on-board the
projectile, by an inductive power transfer coupled wth capacitive storage
or by 25 any other suitable neans. The prinmary requirenment of the power up
step 36 is that the mcroprocessor and the receptor are functioni ng when
the projectile passes the signal sources. After |aunch 34 and powering of
the fuze 36, 30 the fuze with the m croprocessor begins to nonitor 38 the
receptor on-board the projectile. Upon passj %i t signab,source 40,
the m croprocessor receives a first signaﬁgh%%%%g%f;ﬁéé ?f%ﬂ}ggébtor. When
the receptor is an induction coil and ggﬁfsignal sources magnets, the first
signal is a voltage spike 42. Upon sensing the receptor signal, the

m croprocessor starts a tinmer 44 and 5 then returns to nonitoring 46 the

receptor for a second signal. Upon passing the secoq? si.gnal source 48, the
m cropr ocessor Focei \9@%“15“%?9&91H“%Wog‘ﬁa‘fel*y@‘yf%?ﬁa%%“ éﬁoéiff‘éﬁ frgmdaid Bpe 52
the tinmer. JEhthetn eRBaEE ety l0mwirt h RRESH D Ya il REKSRGPNDoSivaRA e SOHN©8048 OF
at sone tine interval later, the projectile exits 54 the nuzzle of the
weapon. Thd AP emspeiseles Sen thelione, dori seidzsejeetie tq pass srgd afdeast temnugtiabpavgees.
programed with g%g@ I "X t

projectile velog%$§P |g%%%&ﬁgéﬁgﬁgggg?3%?%%§a%?3ﬁgﬁg%%.%§$ﬁ”?§g%§}%%n

m cr opr of eskosperdicaionemdftior drblwengs émefillow. A variety of net hods can be

utilized for the,m croprocessor to process the signal. The.method.20.

" ustrated i EIGH of TG ABs CRPTUGar g PREHTNr SR aSe S TcRer
stop 52 as dyteglih at®rdhcexapediri@mdosipeat o Beidvbiahol d vol tage | evel 64.
Thi s approach yields a time difference, "t" between start and stop. 25

Al ternatively, pre¥essiiyson ‘frﬂﬁ'%Ff@‘H‘él TePESPERaTL 2 dRiCePN TR Y t ReACE g ARAC
peaks, 66, Hfh ansnbekinbg e ihidigofll fferential between these points. The

m croprocessor 26, having been programmed with the distance, "X', and with
the addil®i on of Higge38 i ne whemhatieerdipgipm rof » thec Grqsuaremingh ©fa €8 uap-besidt
vel ocity ofn$§§)§k%k_ctile fromthe gun barrel. Typically, "X" is from 5l mm
(2 inches) to 08rm ( 20 i nches) and the projectile velocity on the order
-12 of 152. 4 netlpwedegrapeciindlliHaesfoaetmpedimsatontty intfornifizd pnetdadstoppar
second (5000 %gq; ggtigconQ¥d Pa%§ﬁﬁgegﬁwﬁ@e signal sources occurs in a
few millisetdnds EYprcalty LI m i TseC8nts). Since 5 the tining
information i s ofgakengdllanthtest or etbseBednonsldrdphBenitineat vdlesityt B&ermination

m croprqQcessor has on.the order of 10 t 000 tines the passage tine to

D 0Cons B hesbeiren datCadEnE b 26 alipued e S odenei LB gty The

m croprocessor can utilize the exit 10 velocity to predict or update tine
of flight data, or to performto a higher degree of accuracy any function
of the projectile requiring know edge of the actual gun barrel exit

velocity, such as fuze timng delay. 15 Figure 5 illustrates an alternative
enbodi nent of the invention. In Figure 5 the gun barrel 12 is fornmed from
a nmetallic material such as Al SI/SAE 4340 steel. In this enbodi ment, the

gun barrel is the first signal source. Attached to the exit end 20 78 of
the gun barrel 12 is a non-netallic nmuzzle 80 formed froma suitable

mat eri al such as an epoxy/graphite conposite. The end of the nonnetallic
muzzl e 80 opposite the exit end 78 is circunscribed by a netallic ring 82,
such as 25 Al SI/SAE 4340 steel, that is the second signal source. The
non-netallic nuzzle 80 is the non-signal material to provide clear
separation between the signal sources 78,82. The receptor on-board a 30
projectile is a magnetoneter that is triggered by the presence, or absence,
or a netallic material alongside the projectile.



-13 While the invention has been described as containing two signal sources
w tthin the gun barrel, additional signal sources could be added to obtain a
velocity profile with tine. Wiile the velocity 5 profile is useful, it is
not necessary to the basic objective of the invention, that is nuzzle exit
vel ocity neasurenment. While the signal sources have been described as ring
shape, they may be of any desired shafd-such as 10 box shaped magnets
enbedded in the wall of the gun barrel or annular rings through which the
projectile passes. Likew se, while the projectile fuze has been descri bed
as having a single receptor, nmultiple receptors ate within the scope of the

invention. 15 It iﬁ‘ Wrewoéir%’\(#dhgh%m%13-1-9%&{!%}@5(1%(&”;[} accor dance

with this invention a passive V I 1'hg system't t]TuIIy
sati sfies thanshjpemanendsmagnete @ntthe npns-sdanalomounee ei nabove. Wil e

the i nventi O'héléb%i@leﬁz'ﬂﬁ@rd _Q%Jnﬂa tﬁ@iﬂdﬁﬂi%rl,wéd&ﬁ&%c' f! c )

enmbodi nent s %gfreof, it..is evident that nagy alternatives, nodifications

and vari ati oYU, @ Loy, 7875 (@ hyinum g lqyy 7075 ha@sythe | ght of the

f or egoi ng deswmipia lo conpomdntdiorny| Wy iwedight ntehde@ -2 .o rcapperd,! such 25

alternatives, dif i i V| 1.afq] ( S | it high Stoh irit and

broad scope o%'%eg'ﬁ%a%}%%'mﬂ' 1%883{;333 J'{h?%i\g&' -5'2&“&7 001 - 1=1

WHAT | S CLAI vEha &ndl the dastanae @lwdmamji.ni ng the velocity of a

proj ectile, comprigieiingtivdiyl, Wl HorlUldials WFde Galteriahd gun barrel;
n barrel a

a second signal source supported by said % nd wth a non-signal
source 5 di spefaEtidaite fe Hontionsiafn fihes gwnc bagx@l: A2 .sedond si gnal

source; & | ¢asimade reRfifRciertN JFOTHE T digiaAC gouddehat detects passage
of said at |east aqne si | .squrce; and a m.croprocessoqr, on-board said
roecti Lo i Paberdat A Watat SHovdRanR [Feat SREEREIOR sa q

m cr opr ocess doethaem ¢hee dhi rato grignadd somreen 20 ankdhéeheelsecond of said 10
projectile a i | 9.Ng Gh I CUYJ I | Qi i it.. 2. The system
of claiml cﬁrye}r ac\ie%?)sl% ei nrglt’hatq:ﬂh{ehgl I glgn%el %%lu%l?%t \E/\‘%gr?&itlﬁé first signal
source and t Hawstaesh dhatydiens direc @riod eictddheadfupagsesmthe &vout 508mm 3.
The systgm Ofs,i‘arﬁilms%\ﬁjlfﬂsa“zto%rz'ls‘id :‘e’&:éﬂiﬂir ¥ Gni-HoakaSichedl source and

sai d second signal squrce are both magnets and sai,d receptor is an
i nduct i on coiRrolestilerdd paedyves tyey ddfbigictcisdgnals.or 3 characteri sed

in that said gun hgy adicdrlande®Rd th an aldedhalt iveleidodmdhtabs a nuzzle
£ ey e T, G gesid bRaBR, Ly enc of sard
signal sources 20,21 are metallic, such as AISI/SAE
20 1040 steel that has the nominal composition, by
weight, of 0.36%-0.44% carbon, 0.60-0.90% manganese
and the balance iron. The non-signal source
material 22 is a non-metallic material such as an

epoxy-graphite composite.

25 In all embodiments of the invention, the first
signal source 20 may constitute the primary material
of the gun barrel 12 with the non-signal material 22
separating the second signal source 21 from the gun
barrel 12.

30 The embodied invention addresses the use of two
passive signal sources 20,21, separated by a known
fixed distance, "X", to provide a unique timing
signal to the projectile 18 for the purpose of



supported by said nmuzzle in spaced relation to said exit end. 5. The system
of .claim4 characterised in that said gun barrel and said second 20 source
material are forned froma netal and said nuzzle is non-netallic. 6. The
systemof claim5 characterised in that said gun barrel and said second
source material axe both steel. 7. The systemof claim6 characterised in
that said receptor is a nmagnetoneter. -8-A sub-assenbly on-board a
projectile that is expelled froma gun barrel, 25 characterised by: a
receptor that receives a plurality of signals from signal sources supported
on said gun barrel and transmts said plurality of signals to a

m Ccr opr ocessQqQr; bstitute eet, - 2 May .2Q01 -15 said m croprocessor
having a ti m%r%' i(ﬂgr (%thet PXS egtﬁg.& é‘aciarc(?dﬁﬁétﬁ&é'grca?m qttﬁ' di st ance
" Fe_t ween irmml hainyedl 112y eon‘it_sivgad@:cﬁwr camea_rpd:cdfdcetd.tlia/at& o cal cyljat e the
expul si on ve | [ n sai

ol arali ty of “Snsedry et that qetieTed Sabkalsl 4300

sub- assenbl y téye @Irzﬂjm@%rlécﬁ?@ﬁ%s&?% thien f ixsitd 20c @dg: dhej s sel ect ed

f rom t he syr OWaceMies 23! igigrall iseisidsan a9l lohedMhbBRURRIRCBEs. 10. The
sub-assenbly af claim9 further includin n . on-board, power supply
effective toHgEal SREGEE, A<, Badnatic and AR FRSEPLGE - Biar d

conput ati on dinduwticsl aciilly caxf simirlaredeviice Yhathaeactsr teed by the steps
of : d) expel lj ' %4@ Si VvV ' igse fsr om n [ an unknown
.velocity; e)da%%ta rmFLFIIII n g?]hg ?‘F%‘f‘ytﬁg’ﬁ flsf‘%lg'prg?]e% | .2' te%?%ggéleat | east
two signal s@mbesdmentsp glgpadaiseursescarendedgddde aamdokhedi st ance

" X' aparjlp by PeReRivdrn @32 ifd rasgnaéqllett@g@tg.pul se and a second voltage pul se
as said projectile passes respective first and second signal sources; and

f) calcul ating sa¥hemnthevsighadcSONree- H6ard PeAmanens; aagnet,f rom sai d
time and knowhitaplaneRterialeh¢or Hhel Periranenitamagiietaidciageown vel ocity

being from1Q to ' 1000Q ti,nes greater than.the ti for said projectile to
pasesal d Bt o Hetsronis Snixare' 532rh Baned, magBatar o/ i o 11
characperised‘: dﬂlmw,sah@s@epemmhmbng mhgpe¢§npduiehayenaing a first
”Etall'QEnat%&&%%gﬁgdo% %%&Q@Qn”%b%lb%ﬁs”§5%;§%b a&aﬁ@ﬂd projectile passes

respective first second si ghal sources. he method of either claim
11 or 12 char act ePre&@raplyhat @rengtsdiegstatvel gignglstep, tinme of

flight data gloutded R0Qi24CEeparatedobycat pitecisely known
distance, "X". While the value of "X" is arbitrary,
and typically on the order of from about S1lmm (2

20 inches) to about 508mm (20 inches), the precision in
determining X is critical. The time for the
projectile 18 to traverse X is utilized in velocity
calculations. Since the projectile 18 typically has
a muzzle exit velocity of between 152.4 meters per

25 second (500 feet per second) and 1524 meters per
second (5000 feet per second), the precision in
measuring X should be at least 10.25mm (+0.01 inch),
preferably 10.13mm (+0.005 inch) and most preferably
+.025mm ($+0.001 inch).

30 As illustrated in Figure 2, the projectile 18
contains the receptor 23 housed either within or
around the projectile body 30 and a microprocessor
based electronic module 26 housed within the
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The induction coil 23 is comprised of multiple
revolutions of an electrically conductive wire. The
15 wire gage and the number of revolutions are

dependent on the strength of the signal sources

20,21 and sensitivity of the microprocessor 26. One

suitable induction coil has 36 concentric loops of

0.079mm diameter (40 gauge) wire circumscribing the
20 longitudinal axis of the projectile 18.

The microprocessor 26 contains, at a minimum, a
timing circuit used to measure the time differential
between passage of the receptor 23 by the signal
sources 20,21 and a logic circuit that starts and

25 stops the timing circuit as a function of the

voltage signal induced by the induction coil 23 by a

magnetic field emanating from the signal sources

20,21.

The safe and arm device 28 may be any

30 conventional safe and arm device and, typically
includes a detonator as part of an open electrical
circuit. A metallic wire is mechanically snapped
into place if the acceleration and spin of the
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explosive projectile is within specified ranges.
The metal wire completes an electric circuit arming
the explosive projectile. A signal from the
microprocessor 26 provides the electric current

5 necessary to activate the detonator causing the
explosive projectile 18 to burst.

Figure 3 illustrates in block diagram an
exemplary series of programming steps provided to
the microprocessor, as well as the integration of

10 those programming steps with external events.

The first external events are, in either order,
the launch 34 of the projectile 18 and the powering
up of the fuze 36. The first events are completed
by any suitable means. For example, launching of

15 the projectile 18 may be through conventional
propellants, as typified by a rifle or canon. More
exotic means such as rocket propulsion may also be
employed. The only requirement on the launch means
is that a velocity effective to drive the projectile

20 past the signal sources and from the muzzle of the
weapon is achieved.

Powering of the fuze 36 may be accomplished by
a battery on-board the projectile, by an inductive
power transfer coupled with capacitive storage or by

25 any other suitable means. The primary requirement
of the power up step 36 is that the microprocessor
and the receptor are functioning when the projectile
passes the signal sources.

After launch 34 and powering of the fuze 36,

30 the fuze with the microprocessor begins to monitor
38 the receptor on-board the projectile. Upon
passing the first signal source 40, the
microprocessor receives a first signal 42 from the
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and the 51gna sources‘g gnets, the first signal is
a voltage spike 42. Upon sensing the receptor
signal, the microprocessor starts a timer 44 and

5 then returns to monitoring 46 the receptor for a
second signal.

Upon passing the second signal source 48, the
microprocessor receives a second signal 50 from the
receptor and stops 52 the timer. Either concurrent

10 with passing the second signal source 48 or at some
time interval later, the projectile exits 54 the
muzzle of the weapon. The microprocessor then
utilizes the timing data, and being programmed with
the signal source spacing, "X", computes 58 the

15 projectile velocity.

Figure 4 shows a typical signal pattern that
the microprocessor receives for the receptor. A
variety of methods can be utilized for the
microprocessor to process the signal. The method

20 illustrated in Figure 4 includes triggering the
timer start 44 and timer stop 52 as functions of
exceeding a specified threshold voltage level 64.
This approach yields a time difference, "t" between
start and stop.

25 Alternatively, processing of the signal may be
to determine the signal peaks, 66, 68 and taking the
time differential between these points.

The microprocessor 26, having been programmed
with the distance, "X", and with the addition of the

30 time differential, "t", computes the actual exit
velocity of the projectile from the gun barrel.

Typically, "X" is from Slmm (2 inches) to 508mm
(20 inches) and the projectile velocity on the order
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of 152.4 meters per second (500 feet per second) to
1524 meters per second (5000 feet per second).
Passage of the signal sources occurs in a few
milliseconds (typically 1-10 milliseconds). Since

5 the timing information is obtained and stored on

board the projectile, the microprocessor has on the
order of 10 to 1000 times the passage time to
process the time data and to compute the actual exit
velocity. The microprocessor can utilize the exit

10 velocity to predict or update time of flight data,
or to perform to a higher degree of accuracy any
function of the projectile requiring knowledge of
the actual gun barrel exit velocity, such as fuze
timing delay.

15 Figure 5 illustrates an alternative embodiment
of the invention. In Figure 5, the gun barrel 12 is
formed from a metallic material such as AISI/SAE
4340 steel. In this embodiment, the gun barrel is
the first signal source. Attached to the exit end

20 78 of the gun barrel 12 is a non-metallic muzzle 80
formed from a suitable material such as an
epoxy/graphite composite. The end of the non-
metallic muzzle 80 opposite the exit end 78 is
circumscribed by a metallic ring 82, such as

25  AISI/SAE 4340 steel, that is the second signal
source.

The non-metallic muzzle 80 1is the non-signal
material to provide clear separation between the
signal sources 78,82. The receptor on-board a

30 projectile is a magnetometer that is triggered by
the presence, or absence, or a metallic material
alongside the projectile.
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while the invention has been described as
containing two signal sources within the gun barrel,
additional signal sources could be added to obtain a
velocity profile with time. While the velocity

5 profile is useful, it is not necessary to the basic

objective of the invention, that is muzzle exit
velocity measurement.

While the signal sources have been described as
ring shape, they may be of any desired shape such as

10 box shaped magnets embedded in the wall of the gun
barrel or annular rings through which the projectile
passes. Likewise, while the projectile fuze has
been described as having a single receptor, multiple
receptors are within the scope of the invention.

15 It is apparent that there has been provided in
accordance with this invention a passive velocity
measuring system that fully satisfies the objects,
features and advantages set forth hereinabove.

While the invention has been described in

20 combination with specific embodiments thereof, it is
evident that many alternatives, modifications and
variations will be apparent to those skilled in the
art in light of the foregoing description.
Accordingly, it is intended to embrace all such

25 alternatives, modifications and variations as fall
within the spirit and broad scope of the appended
claims.
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WHAT IS CLAIMED IS:

1. A system for determining the velocity of a projectile, comprising:

a first signal source supported by said gun barrel;

a second signal source supported by said gun barrel and with a non-signal source

U

disposed between the first signal source and the second signal source;

at least one receptor on-board said projectile that detects passage of said at least one
signal source; and

a microprocessor on-board said projectile in electrical communication with said
receptor, said microprocessor having been programmed to compute the velocity of said

10 projectile and having a timing circuit and a logic circuit.

2. The system of claim 1 characterised in that the distance "X" between the

first signal source and the second signal source is from about 51mm to about 508mm.

3. The system of claim 2 characterised in that said first signal source and said

second signal source are both magnets and said receptor is an induction coil.

15 4. The system of any one of claims 2 or 3 characterised in that said gun barrel
is formed from a signal source material, a muzzle formed from a non-signal source
material is affixed to an exit end of said gun barrel and a second signal source material is

supported by said muzzle in spaced relation to said exit end.

5. The system of claim 4 characterised in that said gun barrel and said second

20  source material are formed from a metal and said muzzle is non-metallic.

6. The system of claim 5 characterised in that said gun barrel and said second

source material are both steel.
7. The system of claim 6 characterised in that said receptor is a magnetometer.

& A sub-assembly on-board a projectile that is expelled from a gun barrel,

25 characterised by:

a receptor that receives a plurality of signals from signal sources supported on said

gun barrel and transmits said plurality of signals to a microprocessor;
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said programmed distance "X".

5 9. The sub-assembly of claim 8 characterised in that said receptor is selected

from the group consisting of induction coils and magnetometers.

10. The sub-assembly of claim 9 further including an on-board power supply

effective to operate said sub-assembly.

11 A method for on-board computation of the velocity of a projectile,

10  characterised by the steps of:

d) expelling said explosive projectile from a gun barrel at an unknown
-velocity;
e) determining the time, for said projectile to pass at least two signal sources,

supported by said barrel and spaced a known distance "X" apart by receiving a first voltage

15 pulse and a second voltage pulse as said projectile passes respective first and second signal
sources; and

) calculating said unknown velocity on-board said projectile from said time

and known distance "X", the time for calculating said unknown velocity being from 10 to

1000 times greater than the time, for said projectile to pass said at least two signal sources.

20 12. The method of claim 11 characterised in that said deternmming step
comprises sensing a first metallic material and a second metallic material as said projectile

passes respective first and second signal sources.

13.  The method of either claim 11 or 12 characterised in that following said

calculating step, time of flight data of said projectile is corrected.



