4 Septenber 2002 *166166* | PASSI VE VELCCI TY DATA SYiTEM'This igvgption
relates to a prOJectlle that is fired froma gun or € e

particul ar mMmm{ant i on provides a passive system by which the 5 '
vel ocity ol“ ile is accurately determined upon exit fromthe gun
nmuzzle or laung velocity data.fs then utilized for internal

conputations wt |n the projectile for, but not Ilimted to, tine of
flight, burst point prediction 10 and sensor initiation. Semi-smart

nuni ti ons have the capaipASSIVEPYEEOCHY DATA SYSTEMN ' egarding an

i ntended function. The oglcal ecision i1s usually based on information
provided to the nunition at |aunch, as 15 opposed to a smart projectile

that makes a lOgiC%#ﬂgﬁ%%@%HbQOga§3?aegs ?B n?}'ggceggﬁlgﬁgtlgsfl|ght

The sem -smart muni € an n suc projectile,
bomb or rocketfiredhifinom raegsxpeorf acApuaﬁhieg deMerepparticudariyoef 20

grgiggé::?ﬁg ﬁgﬁggﬁkﬁgigﬁhgﬁﬁbﬁﬂﬁﬁ hh hshivbaupahaﬂ b&rwﬁlahgﬁnebaLre| by
S i.n t

barrel, ®he MOt af stpﬁtBﬁﬁéﬁcgg éﬁnﬁgggrégﬁi §8§ pin nltlgngugnd

rel at ed deVlC%@onZ%ﬁﬂtiﬁfbmfthhdgﬂh sagizlenort lpunpheri| eThea naj or source

of error in det n%ﬁkhaégu?gkgahtgggakﬁgQPﬁg&nEggnQ?OJecti!e.or

munition is tH@ ile's initial
vel ocity. Evemompukath@nhewdthnnpéhbaproé9§té&ﬁtGor, but not

limited to, time of flight, burst point prediction

10 and sensor initiation.

Semi-smart munitions have the capability to
make a logical decision regarding an intended
function. The logical decision is usually based on
information provided to the munition at launch, as

15 opposed to a smart projectile that makes a logical
decision based on information received in flight.

The semi-smart munition may be any type of

- munition such as a projectile, bomb or rocket.
While the specification is described in terms of

20 projectiles, a subclass of munition that is launched
from a gun barrel by a propelling force that acts
only while the projectile is within the gun barrel,
the invention is intended to'eﬁcompass all types of
munitions and related devices.

25 In the field of semi-smart projectiles, a major
source of error in determining the terminal position
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

R
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30 launch a projectile, unacceptable variations in |aunch velocity occur
due to environnental conditions or the slightest var 2002
propel Lant .grain size. Wth the growing need for *G0002* 4 Septenber 2002
-2 smart fuzing, to be able to function at a given range or set of
conditions, accurate initial velocity_gqla must be communicated to the
fuze wthin the noving projectile or nunition. The 5 initial velocity data
can then be used to relate tinme of flight to the distance travel ed. Many
systens have been disclosed to deternmine projectile velocity, but few of

t hese systens have the capacity to transmt the velocity data to the 10
fuze. U S. Patgidrioguziy,’ to/ bd ablld o Furitiordiatclaogdven ont and rear

i nduction coils _ci rcunsc,‘_:ié%régﬁl% barrel of a Weaﬁ'gtl{ A fired projectile
first passes t¥AURYHPY i 19084, A9CWFars | se. Subsequently,
t he 15 proj ectveloqikss adatiah musih bieh @chnmmnii cadidd dendhet ifoage a second pul se.
Know ng t he di Ll I me tween the two
pul ses, it is é%%{s.%l?b‘fqgé %ﬂ&%?&oﬁ\gﬁg%?gf%ﬁ ti:g'ovrnle'l og'lpl?y. It is also

known to rfeasuknitinl welegity data cap phenede usedokongeddde from a weapon

by tracking themd'dl aalidit B tadIaiavdndel erEvailea.t he frequency shift
due to the Doppler effect’. This_technique is .disclosed in U,S. Patent No.
4,283,989 to Toul i Jtany systemsshave ngPeﬁtisﬂ&.°s$,d62:9, g@&%iBEhm dt

di scl oses i nf yrerjdatil I Glelotityl, ubatt fewnofdthesec ayattansahade
the capacity to transmit the velocity data to the

10 fuze. U.S. Patent No. 4,677,376 to Ettel et al.
discloses front and rear induction coils
circumscribing the barrel of a weapon. A fired
projectile first passes through the rear coil
generating a first pulse. Subsequently, the

15 projectile passes through the front coil generating
a second pulse. Knowing the distance between the
two coils and the time between the two pulses, it is
possible to determine the projectile velocity.

It is also known to measure the velocity of a

20 projectile moving away from a weapon by tracking the
projectile by radar and determining the frequency
shift due to the Doppler effect. This technique is
disclosed in U.S. Patent No. 4,283,989 to Toulios et
al.

25 U.S. Patent No. 4,649,796 to Schmidt discloses
information such as a fuze timing 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



to a projectile by a transmtter coil nounted on the end of a gun barrel
and oscillating at a controlled frequency. The projeﬁﬁkﬂESEQEEgﬂlﬁhternal
coil that 30 detects the frequency of oscillation and utilizes this
information to set a specific time delay. The primary purpose of a tine
delay fuze is to have the projectile fugaction at a given distance 4
Septenber 2002 -3 fromthe gun. using tine of flight to gage range can be
an accurate nethod only if the initial velocity is accurately known. The
velocity of a projectile fired froma gun is highly variable and 5 can
create large errors for sem-smart projectiles needing accurate range

ver sus F: me offlrfdﬂ Oite @.}m. Uddmyy ftdateo ot if)filghtndt® agevamainge | ity of
projectile velaqcity includi S| i ght vari.ajfi N . _Qropel | ant,
changes in terﬁ%} _ raé'f oq‘é]cﬁ{f%g‘(ﬂ tng/e,cgil’é’ﬁin%f&yba{‘%?e % é‘&%@%&&re and the size
and wei ght varveltaaity dfs tdesyragjedyt kinown.seThe velosik¥o®f ®hat systens

exi st that negsyfediifie XU tordR 22 RIPIISCHigh1YY véliiabliengna pair of
spaced i nductioncolls that detect the€ passage "of 15 th rqiectile and
transnit $hacE&PhAreate darge, grroks @%oﬁﬁﬂSé'PmGﬁ Rgﬁégﬁg @System The

bal | i stic conpidedimplaodiriate range #eteus timecbEciflighrddhtansnits a

Co | 20 ad ust HATY HARrars aptidene,she Yol RBIoaRY 36, Brodsetdds | e
prior art systvelodihye idrcdwidings slight variatdopsi dn &he systens only
measure the | 3ynef) 14500 idnhndes! 15 Relberhtufe?ds HAmiIAtLFOTHUA' Cate
10 barrel temperature and the size and weight variation
of the projectile itself.
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



25 this information to the fuze. The systens that do ddres% C ni cation
of corrected velocity data to the fuze are physicall%j§¥ﬂ%£L§§g££ﬂ% with
nultiple coils nounted on the barrel requiring external power to drive
the system These systens are required to 30 performthe neasuring,
conputing and transmtting functions ig-a limted time interval defined by
the distance fromthe first coil to the gun barrel exit and the
projectile velocity. The limted time 4 Septenber 2002 -4 interval places
restrictions on the maxi mumvelocity of a projectile the system can handl e
and the amount of signal processing perforned in the ballistic conputer
These syst ens imtenved gdaces testFigtdonst phethe maydmumcysdogi&yti on range

by the time .E&eaF%ﬁQﬁﬁkﬁgjﬁpkﬂgi%&sﬂ@bacgﬁ hafdYe 8ha Eﬁansﬁgaﬂhon to the
fuze. Accordingly, “rt-1s an object-o he 1 nvention to provide a system
that deterni no€ Eignadl gaocessing) pexfervpdcin) thanhadldgtdct uze with a

proper del ay. computet.f cainest alystlfs A¥entibBleskhat thReone embodinent,
passi ve signal sQurces ar,e accurat el l,ac g along the g b rkel and a
receptor Phat PrRIeGtade ysqdey ﬁ&é?&gécﬁg Pﬁergﬁgﬁagysgﬁché Ps 15
pl aced on-boaktel koritetited viedoctyt daka isowkadgt fons of signal source and
ond (2) metal FFEneBipbIRRRE the BEBET TC, [oceptor. 20 The project e
fuzi ng system t henAccordimgilyy: it(ip svnpbiecttag thecinvenpisdt veen
passage of thgy provide a system that determines the velocity of
10 a projectile and arms a fuze with a proper delay.
It is a feature of the invention, that in one
embodiment, passive signal sources are accurately
placed along the gun barrel and a receptor that
accurately detects passage of the signal sources is
15 placed on-board the projectile. Suitable
combinations of signal source and receptor include:
(1) magnetic sources.and an induction coil receptor;
and (2) metallic sources and a magnetometer
receptor.
20 | The projectile fuzing system then, internally:
(1) computes the time delay between passage of the
signal sources by the projectile; (2) via an on-
board microprocessor computes the projectile’s
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



signal. sources by the projectile; (2) via an on- board m croprocessor
conputes the projectile's launch velocity; and (3) del ay
25 solution to the fuze. Advantageously, the systemof the invention

el imnates the need for elaborate sensing coils and transmitting. coils on
t he weapon. Another advantage is the elimnation of the need for a power
source on 30 the weapon, a sizable advantage for portable systens where
weight is inportant. Still another advantage is that since the signal
processing is perforned on- board the projectile, the processi ng does not
have 4 Septenber 2002 5 to take. place imgdiately at the nuzzle exit. The
m croprocessor has a relatively large tinme period, 10 to 1000 tines that
of the prior art systens, to determine the |launch velocity, conpute a
corrected ti I Y i gat ] A as lalveREGGAK d@igE €
with the i nvgﬁtt?%haxﬁeﬁg‘?ne IS prgg\%?drgléizg@esggt Z}r‘ﬁ3 ?gﬁrbﬁggﬁiﬁn%ni ng, t he. 5/5{&@

vel ocity of dime ppeat,illeto EMi¥ptines thpt of the mpsier aitgsystemsoir deteaninpshe dapnsh
said gun barrel:.a second sianal.. r i rrel and
wth & non- si Gk BREEs GrElBl uReHER] o CRREb AL the 3Bl (PR IR LC O e
second signal soungegcoafanceasth theérvestien tisre dnpioeied asystempioojdetetminmgt that
detects passage of said. at_ |east pne 10 signal source; and a m croprocessor
on- board sai d'® 5}’8@%?‘[%“?‘]’?'%9%%&& communi cation with said receptor,
sai d m cropr ocessqrfrhawnatkoRRe SugpoRed By EEd ghitbaRrpUt € the vel ocity of said
projectile and having a timng circuit and a logic circuit. |n another
aspect, there is proovandesigral squcessypportadybyosich gu bargel gpdwithra pep-gigual spwrce 15
expel | ed 1 OrgiolliheRleh fhe EAMAPIEISGE tbsoodhd BFAPRIR Nal Tecel ves a
plurality of srgnals trom signal sources supported on said un barrel and
transnits said pl atlehst bye etemorgmetiosrd saidprojectiletras detseopassaggiad said at least one

m cr opr oc (isorgRL]lavi n%ea timng circuit and a logic circuit progranmed with
t he di stahte S _ $EtS said plurality of signal sources, and effective to
cal cul ate the a microprocessor on-board said projectile in electrical communication with said

receptor, said micrbprocessor having been programmed to compute the velocity of said
projectile and having a timing circuit and a logic circuit.
~In another aspect, there is provided a sub-assembly on-board a projectile that is
15 expelled from a gun barrel, 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;
said microprocessor having a timing circuit and a logic circuit programmed with
the distance "X" between said plﬁrality of signal sources, and effective to calculate the
20 expulsion velocity of said projectile from a time delay between said plurality of signals and
said programmed distance "X".
" In another aspect, there is providéd a method for on-board computation of the

velocity of a projectile, characterised by the steps of:

_ a) expelling said explosive projectile from a gun barmrel at an unknown
25 velocity; . .
B b) 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
pulse and a second voltage pulse as said projectile passes respective first and second signal

sources; and



there is provided a nethod for on-board conputation of the velocity of a
projectile, characterised by the steps of: a) expelling said explosive
projectile froma gun barrel at an unknown 25 velocity; . b) determ ning
the time, for said projectile to pass at |east two signal sources,
supported by said barrel and spaced a known di stance "X' apart by receiving
a first voltage pulse and a second voltage pul se as said projectil e passes
respective first and second signal sourggg; and 4 Septenber 2002 -5A c)

cal cul ating said unknown velocity on-board said projectile fromsaid tine
and known di stance "X', the tinme for calculating said unknown velocity
being from10 to 1000 tines greater than the tine, for sai ojectile to
pass said at |east twodfYpne %‘lf‘u\“@é’é".”n'l’“l’??c%W'é’oértdaiﬂlé%prwglggéo,rﬁ FAd{P%s

and advant agegdWhbim BREAEENOUR RO &r&iculalifEsai® uhiiR whRRMclty Gaihy Fonanel td he
drawings that follow Figure 1 illustrates in cross-sectional

represent at i 08 tipeb erghteythersthe fimen fariseifl projgasileimraps saided Iastive SiRPRLFOBrCes 1 st
enbodi ment of the '['h@\éﬁcwe's&%g] J;_'i&ysf eaflir Wsadbﬁlt%eﬁa'ﬁl 5&G e ML a;gparent from

representation a fuse asse I'n"accordance W an enpodi nent” of the
i nvent i on.5 1Q@hd$pgcifieatidniand thesicdvengs thet fdllasgr am of t he programm ng of an

- board ' . Fl C 4 i Ly il [
of the. i nf or mat of oy HEHCTE I crixproirae peaiie] &' FRoSDl (ERBRART

; 20 expul sion velocity of said projectile froma tir_rexgeéaé bﬁtmgaid
I plurality of signals and said programed di stance "X= e spect,

the inventi oRystérh GliRofdandelvidti 4 RlsEembdtligent s tindatento@l representation a
velocity determnation_ 15 systemin accordance with_an alt inati ve

enbodi nent of t he Fig#RcAsheVs 1ny crosyrpectignyl rpreeentation:; 4y fise assemppy, I pogppdancs,
Cross-sect i oRal an'eito8siit dthOmventRRr ti on of a weapon 10 incorporating a
velocity determnation systemin accordance with a first enbodi nent of the
i nventi ontO Figure 3 "is a schematic diagram of the programming of an on-board
IMICTOPrOCESSOL. |
Figure 4 graphically illustrates one embodiment of the information provided to an
explosive projectile in accordance with the invention.
~Figure 5 illustrates in cross-sectional representation a velocity determination

15 system in accordance with an alternative embodiment of the invention.



5 The illustrated portion 10 represents the final se&t!oa ofI tr&vﬂ of any
size gun barrel 12 or |auncher tube. "Gun barrel" as | so

i ncor porates | auncher tubes and rel ated devices. The gun barrel 12 includes
a centrally disposed 10 bore 14 of a dianeter effective to guide a
projectile 18 using a rotating band 19 . obturator to provide guidance
and a pressure seal. The gun barrel 12 is fornmed fromany nmaterial capable
of providing support and guidance for the 15 projectile 18 and to contain
the propelling gases that drive the projectile. Materials for the barrel

12 range from high strength alloy steels, such as Al SI/SAE 4340, for high
pressure gun syst ems!.gure |3 glimmtmmosdnmmmm graphite filled

20 epoxy for &hﬁ? (Arerican Iron and
Steel Insti tu ocl ety oc*r?%]utorm% | ve ng| neer‘%“ %ﬁo is a medium carbon,
| ow al | oy st edhaerparating el vaystem 1 0. 38% 0. 43%

Cﬁr bon, 25 0. Wég}&@r?w%%%}&oeéﬂg@b&@éﬂdldﬁ%e 81:7%%??:90%

chrom um ni,c ) um.an al ance iron.

Affixed t thi‘& ,-13-{1‘ rﬁ°r[ Thd &k rﬁvﬁ?ettﬁrq fbé? is at |east
one signal souac&:io%ﬂd!re:frawl vof tamyr esizzea qurf ibaxtrel gmalo:source 20 and a

second si gnal &agﬁl‘c%%%u&oth ReY q%q:q.d[n. %Ep% |!&[p4 50 material 22.

4 Septenber 2 one ‘enbo e S|gna source§ 1 are

per nenent nmagABcerpexaties @@mnﬂhgma¢u§a§wapdnnﬁlaﬁeﬂ devices. non- magnet i ¢

material, such as qhe gun barrel 12 includes a centrally disposed

10 bore 14 of a diameter effective to guide a
projectile 18 using a rotating band 19 or obturator
to provide guidance and a pressure seal.

The gun barrel 12 is formed from any material
capable of providing support and guidance for the

15 projectile 18 and to contain the propelling gases
that drive the projectiie. Materials for the barrel
12 range from high strength alloy steels, such as
AISI/SAE 4340, for high pressure gun systems to
lightweight composites such as a graphite filled

20 epoxy for low pressure launcher systems.

AISI/SAE (American Iron and Steel
Institute/Society of Automotive Engineers) 4340 is a
medium carbon, low-alloy steel having the nominal
composition, by weight, of 0.38%-0.43% carbon,

25 0.60%-0.80% manganese, 0.20%00.35% silicon, 0.70%-
0.90% chromium, 1,65%-2.0% nickel, 0.20%-0.30%
molybdenum and the balance iron.

Affixed to the bore 14 adjacent to the exit end
of the barrel is at least one signal source.

30 Preferably, there are a first signal source 20 and a
second signal source 21, both embedded in a non-
signal source material 22.



al um num al l oy 7075 (alum num alloy 7075 has the 5 nom nal caonposition, by
wei ght, of 1.2% 2. 0% copper, 2.1% 2. 9% magnesi um 0. 48gptember 2002,
5.1%6.1% zinc and the balance alum num. Alternatively, the non-signal
source - material may constitute a portion of the gun barrel 12. A 10
primary requirenment of the non-signal sqQurce material is that it provide a
cl ear separation between the first sigrial source 20 and the second signal
source 21. The non-signal source material * insures that when the projectile
18 passes the two 15 signal sources 20,21 a receptor 23 on-board the
projectile 18 receives two distinct signals. In accordance with an

al ternative enbodi tlﬁﬂé ehanl Betricesm@ioe @qtail bel ow,
the signal- sourceg§§8”§% are netgﬁ? as AISI/SXE 20 1040 stee

that has the R4 rngrm@mpttsmqmtaownﬂe% nogr-sdg8ad, GORXGEC ar bon,

gZGPSOaggOOA)nrrari?adl&qgl Q?_d 1@% l}ﬁi,ﬂmddtq@ materian,segehl agource nmaterial
met_a c_materia ch C osite. 25 In

al | enbodlnenﬁgqmiqﬂﬂa éﬁ# a8§¥893§9§0h§0e% may

cotnst ! t:,lt & t havguriinms)r y:an:tasﬂiﬁlon,omyt Iwe:lghrt baxfr dl. 2%22u0fkh copperen- si gnal

materia e {i d | r omgt hg._gu barre

12. 30 The en? Q%r Pﬁge%gﬁgﬁﬁa dréiéggaphggﬁs%ﬁoﬁkihh msalg?lgeaglgnal

sources 20, 21 zingpand: 4&hehpad aneevalumipsd)di st ance, "X', to provide a

ggbgue; 'hm ng S'hg'i"’lltetr?latdl%&?gl e ln%nl%ﬂ;%lt BeubbePpateetiad Sept enber
|
aVIn%;;'%J%;%J%ﬂge a poéﬁﬁ&gﬁﬁs%i ngu grrgi 9 a

10 primary requirement of the non-signal source
material is that it provide a clear separation
between the first signal source 20 and the second
signal source 21. The non~signal source material
insures that when the projectile 18 passes the two

15 signal sources 20,21 a receptor 23 on-board the
projectile 18 receives two distinct signals.

In accordance with an alternative embodiment of
the invention, described in more detail below, the
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



gun barrel 12 exit velocity. The projectile 18 contains a recepior 23 that
I denti fies passage of the. projectile 18 past both t temb the 5
second 21 signal sources. In one enbodinent, the signal sources are
magnetic and the receptor is an induction coil or simlar device that
reacts to passage through a magnetic field. In an alternative enbodinent,
the signal sources are netallic and the 10 receptor 23 is a magnetoneter.
When the signal source is a permanent nagnet, suitable materials for the
per manent magnet include ferrous materials and rare earth based magnets.
Typically, these permanent magnets wll have a 15 strength of between 500

ggugland 500? lgiwbﬁ'ag ﬂi@fﬁ@:fnédhkntélefae ﬁoﬁxﬂtéﬂﬁ%oﬁpﬁtfiﬁ{kﬁ'owrﬁfurce? «
, separate y. a precisely, kno di stance, Ile e value of "X
is arbitrary, g%obqvg‘?%a]r?f t‘f‘r’e\T‘tﬁ*‘g’é’ of™ cﬁﬁ%{jfﬁﬁvﬁyhfﬂrﬁﬂ (2 20 inches)
tT g about ?OBMdmimmsﬁecéﬁ&mrmiﬂiam iidentief issTipasahgé iof critical .

e time for tjhe roiectile to,raver X d 1) i,Lh velocity
cal cul ati ons. ‘g}‘ﬁc&‘?% c'f)ﬁb? e]gqsiqaesﬁémt\@biﬁ%aq I%}S:r%é idazaﬁr'u%zz € exit vel oci ty
of betweerb 15X%econd &% signadls seumes .( 500 fons guhodimentd) thed 1524 neters
per second ( CToTely detf Plafid ¢ | Eﬁg&s fd X shoul d be
at | east O. 25n’m§ EJ) %i‘éﬂnﬁ.ﬁsé prg%a r abl fgg?%%’mﬁlof%oe i ncH}§ gg‘d nost
preferably .OcasietipmEeih@y sizllar deviee fhat neastsut® 2, the

projectile 18(?@3@& RéhddiRyH &f aiRigiietdd Fdedad eiTimen \Wlterhadivear ound the
projectile bo X 30, .and algcwo rocessor. _ bhased el e trq_ic o ulg 26 housed
t, the 1 the

within the odimen ¢ an

10 receptor 23 is a magnetometer.

When the signal source is a permanent magnet,
suitable materials for the permanent magnet include
ferrous materials and rare earth based magnets.
Typically, 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 from about S5lmm (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 +0.25mm (+0.01 inch),
preferably 10.13mm (10.005 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

ignal sources are meta



4 Septenber 2002 -9 projectile body 30. Preferably, the m craqprocessor 26,
and optionally also the receptor 23, is housed wthi rtion
of the projectile 18 as a portion of the fuze assenbly 24. 5 One exenplary
projectile 18 is of the explosive type and contains a safe and arm device
28 and an explosive payload 32. For thg _embodi ment wherein the signal
sources 20,21 are permanent nmagnets and ™ the receptor an induction coil,
the receptor 23 is 10 housed within a non-ferrous portion of the
projectile body 30, or alternatively, is wound about the outside of the
projectile housing. The induction coil 23 is conprised of multiple
:13\r/rglelrjt 1)]9”5 of f?j@é@fié'ﬁ%ﬂ W%.On;bﬁfqtt?M1{,e-th'§[1mic?£opmd®MF and the
revo] uttons are, dependent o e stren t S sour ces
.20,21 and sen&®t i%'i“iy‘f%*rl?'?é' r}tﬂﬂ ﬁ"i‘%%ﬂ B ﬁﬁ%%rqanduct i on
coil has _BS_ copteinin i £ renpmami pdirtidhmositdretmrojettidaudsd) as ree
circunscribin ' | hal | e projectile 18. The
m croprocesso?pé%h@%%‘%té#rwé,é aﬂ% rﬁafﬁgrﬁ})ng ainti mng circuit used to nmeasure

the time dfferentiGne examplaryprrsunctoile {8 g qft dhepaplagiyesi gnal
Sources 20 21 S SPUGIEISY A it Ty g LT 0
23 by a nagné¥R198iYe ARG fF of ?(ﬁﬁ”{ %liﬂ%%jﬂ%’% °r£3?‘zlf %ﬁg gg:‘ e
and arm devi cetH$ dghdle stircs QU) 2 tare) Perymentnhaynaticande and,
typically | ncéﬁjed ersegep eotro r}aant Cirnd%sét[i%rnt ccgila,n £ r]re%e%ﬁ:torf 5%' is
10 housed within a non-ferrous portion of the
projectile body 30, or alternatively, is wound about
the outside of the projectile housing.
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 étops 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



circuit. Anetallic wire is mechanically snapped int I%ce | f '

accel eration and spin of the 4 Septenber 2002 -10 ex§$§§¥$§ﬂ§¥é¥gggile i s

within specified ranges. The netal wire conpletes an electric circuit

armng the explosive projectile. A signal fromthe mcroprocessor 26

provides the electric current 5 necessajy~to activate the detonator causing

the explosive projectile 18 to burst. Figure 3 illustrates in block

di agram an exenplary series of progranm ng steps provided to the

m croprocessor, as well as the integration of 10 those programm ng steps

wi th external events. The first external events are, in either order, the

:cfaun;:h 34 of té)@]wsij\fy:tpﬂcﬁelﬂ:iam ishevifehdey ispgcifiedf rahgebuze 36. The
irst events e Cco e | t.abl RIS a | aunchin

of 15 the pr ojalré"c% ﬁe%%ye E%’“&E‘r%g%g t“?‘or?@&nt.o%af’@%ﬁ%e%ﬁ??, as °

typified by athe lexplosise projiectilexot Ac sionad £¥om &ber ocket propul sion

may al so be m% Hxoron d’r%@‘:l' T ans is that a
vel ocity effective to‘ﬂﬁ éo?ﬁ% projgktiIQEQSQSEE?iFﬁ&ﬁg?eHSI sour ces and
Y cAysans; K

IV
fromthe fuzzmecsssary tRe ate, tives dekonpRr, € uze 36 may be

acconpl i shed @zgl@dl&id Projeetiqe dst ko pugistctile, by an inductive power
transfer couple

The primary requirgﬁgﬁﬁ%nguﬁh§%§%%g%%8gng¥%§¥5239§a¥ﬁﬁigﬁLesﬁ;L?gLsoggggz;
and the receptetemplaryuseries of programaipgosteps| propidedstohe signa
sources. 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



After launch 34 and powering of the fuze 36, 30 the fuze wth the

m cropfocessor begins to nonitor 38 the receptor on-%é%ﬂﬂ—ﬁﬂﬁﬁéggﬁ%ctile.
Upon passing the first signal source 40, the microprocessor receives a
first signal 42 fromthe 4 Septenber 2002 -11 receptor. Wien the receptor
is an induction coil and the signal sgurces magnets, the first signal is
a voltage spi ke 42. Upon sensing the receptor signal, the m croprocessor
starts a tiner 44 and 5 then returns to nonitoring 46 the receptor for a
second signal. Upon passing the second signal source 48, the

m croprocessor receives a second signal 50 fromthe receptor and stops 52
the tiner. B thiept¥i ur'mi%tn Hhevridtepros g aheindaetdoal godll source 48 or

t t | at th t | ts.54,th | f th
Neapon: The midtih iise ESBIaL fAataos MeaDetene Ehp FAECE PIond 8t ng |
progranmed wi td1vdll‘uag$ @prdlkes @2r.c e Uppac isegs ihy" theonpaeptoBB the 15

' til | AT that th
projecti] e velaghin, Tl idih oy BaateshoRthepehicha hal | the

m Cr opr ocesso receptor ods can be
utilized for ttien me@mapmod@sy@mi&orpnacéésthnergpgnﬁpr far Aet hod 20
illustrated i pdddid &igralc! udes trlggerlng the timer start 44 and tlrrer
stop 52 as functions of exceeding a speC| l,ed threshold volgﬁ e | evel

Thi s approach yi el @PoR Pagsing; the, secen "Figﬂé wBeHrCE: 4Py st op. 25
Al ternativel y migiroprotiesorl receivegnal seepnlicsignal 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 differéntial, "gW, computes the actual exit
velocity of the projectile from the gun barrel.

Typically, "X" is from 5lmm (2 inches) to 508mm
(20 inches) and the projectile velocity on the order



to determ ne the signal peaks, 66, 68 and taking the _t] diff I al

bet ween these points. The m croprocessor 26, having &&ﬁéﬂiﬂﬁ%ﬁﬁﬁﬁﬂﬁ wth
the distance, "X', and with the addition of the 30 tine differential, "t",
conputes the actual exit velocity of the projectile fromthe gun barrel
Typically, "X* is from51lnm (2 inches)_§9_508nm (20 inches) and the
projectile velocity on the order 4 Septenber 2002 -12 of 152.4 neters per
second (500 feet per second) to 1524 neters per second (5000 feet per
second). Passage of the signal sources occurs in a few mlliseconds
(typically 1-10 mlliseconds). Since 5 the timng information is obtained

and stored on oHOE5Z, 4 heetrd quir |sacdiie (B00r deedc geaosecand)n tohe  or der
of 10 to 100Ociétgs%?t(‘%eré)\a}’zs”a%eﬁé‘;nﬁhéﬁ°°0rf%%q"s e@%etc' g;ra data and to

conpute the a m cropro essor can utlllze the exit
10 vel ocity tchss;tgetoibrthmtﬂtg‘latll repwicds iofeurgatin a §ewto performto a

hi gher degree nPleffé‘éE Gly Q1% nﬁhﬂ.ﬂ%re@o?@s')' e idgidel | NG
know edge of .the actua re exit velocity, such as fuze timng

del ay. 15 i guhe 5##4’!95@%&%“3&#% & phtained pad #EAredoP™ he i nventi on.
In Figure 5, tﬁ&ﬁilrtli@rﬁﬁjebln% fuiaTard droprocedsbot! hae nt ¢heal such as

8l el Sour co. odem et d B ORI R, el EaReR RS §3 0 1 10
non-netal li ¢ rprdess@hd drimed datamands tic zompute: theahctuall exign
epoxy/ gr aphi t © QY ! €-on i BibpYodeEdiotan Tt hne EHe? k1RO OppoSite
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 qun 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 muzile 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 magnetometer that is triggered by
the presence, or absence, or a metallic material

alongside the projectile.



Gircunscribed by a netallic ring 82, such as 25 Al SI/ ég 1348 Stﬁg|ﬂ t hat
is the second signal source. The non-netallic nuzzl si gha
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

t he presence, or absence, or a netalli terial alongside the projectile.
4 Septenber 2002 -13 Wiile 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. Wiile the velocity 5
profile is useful, it is not necessary to the basic objective of the

invention, that isyriad enXijhvern®iosi has baen’ deseirib¥li hs t he signal
sources have bee escribed a ri.ng shape,  th be of .. esired
shape such as € n§h§ﬁ€u‘ﬁ&&ﬁ&t%°@WE§8d8§tﬁéngﬁ§°m§PP 8$Q¥ﬁg'gun barre
or annul ar ri rgRlittionagh silgnal sbarmes eonldebepadded. toi kbkadn, anhile the
projectile fu cl:hed havi als) tor, multiple
receptors ar e%%%%ﬁﬁﬁﬁggggg%ew%?ﬁt ﬁgﬁl ﬁve%?'(])%. allg letgll{)ggggparent t hat
there has Soeeprnofdliedds usefydqod¥adec nat: necepsaryytat tha BagisSsi ve

velocity neagyyjedt ivesbeMthalintidnitiondt ithhieist Razabeeekst features and
advant ages set forth herei nabove, Wiile the invention has been described in

20 conbinatiOHQHQH%tXpE@PFPEQEﬁﬂﬁdinths thereof, it is evident that many
al ternatives, nodi Whddei ¢he signalasoaricesshavel beenadesceibedoashose
skil{ed In th%ing shape, they may be of any desired shape such as
10 box éhaped maghets 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
meaéuring 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.



art in'light of the foregoing description. Accordingly i.s intended to
enbrace all such 25 alternatives, nodifications and v&é%ﬂ—&&%‘;e&m%l I
within the spirit and broad scope of the appended clains. 4 Septenber 2002
-14 WHAT IS CLAIMED IS: 1. A systemfor determining the velocity of a
projectile, conprising: a first signal source supported by said gun
barrel; a second signal source supported by said gun barrel and wth a
non-si gnal source 5 disposed 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 S|gnal source; and a m croprocessor
on-board said projectile in electrical comunication with said receptor,
said mcropro _ @? i this_en programmed to conpute the velocity of said
10 projectile ' %‘82 mng circuit and a logic circuit. 2. The
system of claim-l characterised in that the distance "X' between the first
si gnal source and Ithe degeteth for detaimisimgtioevelcitly obapwipetite, &iprising: about
508nm 3. The syst.emof c]Jaim?2 char terlsed in that said first 'signal
source and said sé"‘ctmﬁ&‘%‘f“{ﬁ?&f"%m Y &2 S b3¥Enet s and said receptor is
an induction coil .3 sh&ud sighRfscursd ﬁ!ﬁb@tftecﬁw s&@%u&i)aﬁél%hdﬁvu% Dhomsignal source

characterised in that said &l;n barrel formed froma signal source

material, & rdishosed Gedysendhe finshsignah smired @ﬁeﬂlﬁ %Wah%)ﬂ&el al is affixed.to
an exit end of R I ”lgp %?f@%ﬂecﬁfegﬁﬁld F&?ﬁ%@%h%&rﬁh& one

supported by said nuzzle in“space to sal e system
of claim4 chegratiosrdesad in that said gun barrel and said second 20 source

mat eri al’ areformadfro reaLI

System of "ol ai m 5 echisrunarePE ofrooR wid bRt i o dp o olRicalte e i
sour ce nat er irétept, esabbhiibrsﬁreedssormavmgeb@y qir@fmﬁfneat k@kcompute Inlaer aeibaty efshid n
that said receptor is ,a nagnetoneter, A sub-agssenbly on-board a
projectil & tHgJeqtge@gd@mnggmﬁpgctggﬁpd@épg@cucmt% characterised by: a

receptor that receives a plurality of signals from signal sources supported
on said 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 S08mm:.

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. Thé system of any one of claims 2 or 3 characterised in that said gun barrel _
is formed from a sighal 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.

s A sub-assembly on-board a projectile that is expelled from a gun barrel,
25 charactensed by:
a receptor that receives a plurality of s1gnals from signal sources supported on saxd

gun barrel and transmits said plurality: of si ignals to a microprocessor;



gun barrel and transmts said plurality of signals to_a m.crqprocessor; 4
Sept enber 2002 -15 said mcroprocessor having a tim né—%ﬂ—t&m | ogi c
circuit programmed with the distance "X' between said plurality of signal
sources-and effective to calculate the expulsion velocity of said
projectile froma tinme delay between said plurality of signals and said
programed di stance "X'. 5 9. The sub-assenbly of claim8 characterised in
that said receptor is selected fromthe group consisting of induction
coils and magnetoneters. 10. The sub-assenbly of claim9 further including
an on-board power supply effective to opébate said sub-assenbly. 11. A
met hod for on-board conputation of the velocity of a projectile, 10
characterised by the steps of d) expelling said explosive projectile froma
gun barrel "at an g4k aQidfdprocysbOkaving a Emigte tieduil anidng ldghecitduiteprogrammediveith
projectile to pass at least two signal saources, supporteffgefb sai -lfarrel
and spaced a tRnh&wines SX'aRetweencsaid plyrplityyof signal §qusers£nfl t‘%lfoFot gilatg ghe
pul se and ‘a i I ' ' ' ; RESkhMeakd r st
B second s e Y S e B e e R e e
on-board sai daig pojgeameddiftanes'Sdi d time and known distance "X', the tine
for calculating -said unknown velocity being from10 to 1000 tines greater
than the t4y me, fog sai ' j kdriadd ; t i

sources. 20 12. The m?%%%%gﬁlg?r%?%lfﬂgﬁzhggk %‘rj?%sdelhqlﬁ% Sta \gtece}g?ggkelem d :
det er m ni ng d$eypthe gonp comsising efisidngtion cbils std megnatometersat eri al and a second
nmetallic material as said projectile passes respective first and second

That Tol | owi ng sat  oRCIaE L BE sEh, ChAR Hnflne % GEBEREpENYS Ronly

projectil e i sffextive &cépethate said sub-assembly.

11. A method for on-board computation of the velocity of a 'p,rojcctile,

10 characterised by the steps of:

d) expelling said explosive projectiie 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 |

| ) calcuiating 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 determining 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

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



