1 In-flight Progranmng OF Trigger Time O A
Projectile Field of Invention [0001] The present
invention relates to systens and net hods for
programmng trigger tine of a projectile after the
projectile is |aunched froma Barrel. Background
[0002] Projectiles fired frombarrels follow
trajectories that are well-defined or predictable. In
use, a filn-MggleoPiog@hm@hirRaOf FiigSerCPIRE Of AMR et fRes
the barrel's angle of inclination a for a specific
projectile type when given a desired inpact point,
barrel conditions, wind velocity, etc. However, due
to variations in the anodigldefIneptiosi ve charge
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variations in humdity, and so on, the nuzzle

velocity of each projectile after exiting fromthe
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deviate fromthe desired target position. In addition,
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[0003] For large projectiles, there may be sufficient space and payload to employ
active tracking of the target position. Target tracking may use global position system,
laser, etc., and supplementary booster and/or steering fins and brakes. However, for
small and inexpensive projectiles, target tracking is not employed; for example, US
Patent No. 7,021,187, assigned to the US army, describes an ammunition launcher in
which trigger time of a typical ammunition is permanently programmed into a fuse
contained therein. Deviations in muzzle velocity and variations in environmental

factors cannot be accounted for in setting the trigger time of the ammunition.

[0004] A known method for updating the trigger time of a small projectile is to track
the speed of each projectile, for example, by Doppler or laser tachometer and re-

programming the trigger time according to the remaining flight time to the target



t he speed of each projectile, for exanple, by Doppler

or laser tachoneter and re- progranm ng the trigger

time according to the remaining flight tine to the

target 2 position; for exanple, US Patent No.

6,216,595, assigned to G at Industries, describes

such a nmethod. Thus, there is a need for other nethods
ofpokitiankfor @xamplde USI Patdtit b, 681 6, 3Be 8dfoned 1 Rt lindustries, describes
rojectiles so that the trigger time of each
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summary i s not an extensive overview of the invention,

and is not intended to identify key features of the
invention. Rather, it is togq{n%%@t some of the

i nventive concepts of this inventron in a generalised
formas a prelude to the detailed description that is
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target position. I's approach, variatrions 1
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i nVe 4 d5sBPHigR hal ISt of programing a  trigger

time of a projectile, the nethod conpri ses:

determ ning a nuzzle velocity of a projectile after
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during the remaining flight tine as the projectile is
reaching its target, thereby optinizing the

efoba7)t v emeanbodimett the[ProjedC nvkBtion HHA0RAEs 4 el dFYrogramming a

enbodi nent, . the projectile emts periodic signal at
r Blggen Hine of a projectile, the method comprises: determining a muzzle velocity of a

projectile after it exits from an associated gun barrel; determining an flight speed of the
projectile a predetermined time after it has been fired; and accounting for the deviation
of the projectile’s muzzle velocity and flight speed from those determined by an
associated ballistic computer and programming the trigger time during the remaining
flight time as the projectile is reaching its target, thereby optimizing the effectiveness

of the projectile.

[0008] In another embodiment, the projectile emits periodic signal at relevant
predetermined time after the projectile is fired and the signal strength received by an
antenna connected to the ballistic computer is determined, and the projectile’s muzzle
velocity and flight speed are then determined from signal strength-distance data stored

in the ballistic computer.



predetermned tine after the projectile is fired and

the signal strength received by an antenna connected

to the ballistic conputer is determ ned, and the

projectile's nmuzzle velocity and fli ght speed are

t hen determ ned from signal stBength-distance data

stored in the ballistic conmputer. 3 [0009] In
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way o ts of the present

i nvention, wth refer ence to t he acconpanyi ng

drawi ngs, in which: [0012] FIG 1 illustrates a gun
systemin accordance with an enbodi mrent of the present

computer for use vi P REHEHCLYEHER R i n Fla 1
[0014] FIG 3 illustrates a control circuit of a
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f RFFSEh HEN L AVt rr:@g@ce t¢ the ag¢ormprsyngojrawingh,en which:
accordi ng to anot her enbodi nent of the present
i nvention.

[0012] FIG. 1 illustrates a gun system in accordance with an embodiment of the present

invention;

[0013] FIG. 2 illustrates a ballistic computer for use with the gun system shown in FIG.
I

[0014] FIG. 3 illustrates a control circuit of a projectile, which forms part of the

ammunition shown in FIG. 1; and

[0015] FIG. 4 illustrates an algorithm for updating a trigger time of the projectile

according to another embodiment of the present invention.



4 Detailed Description [0016] One or nore specific
and alternative enbodi nents of the present invention
will now be described with reference to the attached
drawi ngs. It shall be apparent to one skilled in the
art, however, that this invent#on may be practised

W t hout such specific details. Sonme of the details
nmay not be described at bepmddDeRripgo0Ot to obscure
the invention. For ease of reference, conmon
reference nunmeral s or series of nunerals will be used

or ferr
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As shown in FIG 1, the gun
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axlsS X..ln . a ti.on, the barrel 20 may be

B e histiehSiiohe, FEfies vspdeiehipedaghe senept similas frasires common
t @ the figafel cal axis z. [0018] FIG 2 shows a schematic

of the ballistic conmputer 30. As shown in FIG 2, the

bal listic conputer 30 has a radio-frequency (RF)
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central processo al so |nc udes a user

cYeaterb pXiSThe user i nput 45 may include a pIuraIity of
I nputs, such as a distance or coordinates of a target
position P with respect to the gun barrel 20, w nd

V0 1By i FI5. 2 shedk Bachaead dﬂtﬁé‘ﬁalhﬁ&%&%@é} 30, AsROWHEE FIG. 2, the
enmbodi nent of the central processor centra
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antenna 32 and the central processor 40. The connections between the analog front end
34 and the central processor 40 include channels for received signal strength indication
(RSSI) input 41, Doppler frequency shift input 42, data receipt input 43, and data
transmit output 44. In addition, the central processor 40 also includes a user input 45
channel. The user input 45 may include a plurality of inputs, such as a distance or
coordinates of a target position P with respect to the gun barrel 20, wind velocity,
weather conditions, and so on. In another embodiment of the central processor 40, the

central processor includes an additional channel 46 for connection with a laser range
finder,

[0019] The gun system 10 is used for firing an ammunition 50. As shown in FIG. 1,

each ammunition 50 includes a projectile 60 and a cartridge 52. Each projectile 60



finder. [0019] The gun system 10 is used for firing an
ammuni tion 50. As shown in FIG 1, each amunition 50
includes a projectile 60 and a cartridge 52. Each
projectile 60 5 carries a control circuit 70 and an
expl osi ve charge 62. As shown Pn FIG 3, the contro
circuit 70 includes a m croprocessor 72, a
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Tfhe dbfaer 2R ircuit 73 includes an
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m croprocessor 72 includes the encoder/decoder h74. I n

enbodi ment ..of the control circuit 70, the o
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unit 96, which stores ballistic parameters used by the ballistic computer 30.

[0021} FIG. 4 illustrates a process flow 400 during in-flight programming of the
projectile 60. Process box 410 represents loading of an ammunition round 50 into a
firing chamber of the barrel 20 and firing of the associated cartridge 52. After the
cartridge 52 is fired, the projectile 60 is projected through the gun barrel 20 at high
speed and acceleration. A predetermined time To after firing of the cartridge 52, the
projectile 60 exits from the barrel 20. The speed of the projectile 60 at the exit of the

barrel 20 with known direction of the barrel defines the muzzle velocity Vo of the

projectile,



[0021] FIG 4 illustrates a process flow 400 during

in-flight progranm ng of the projectile 60. Process
box 410 represents | oading of an amrunition round 50
into a firing chanber of the barrel 20 and firing of
the associated cartridge 52. After the cartridge 52
is fired, the projectile 60 is projected through the
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t kepeesEitedltyebor 420, RBe YheciNeT Ha _fphﬁéfiﬂ@ 601 RGE YLV predetermined
circuit, 70 gives out an additional signal Si.

Stife|pgripgs argdetgamingdot her predet ermined time T2,

anot her signal S2 is sent out. The sendi ng out of

signals at predeternmined tinme after firing of the
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Bt oA 30 b BuTAL QEOCarer A St ibe sisnaistrength at
3% i ej . . fe via, .
e R AL PSR P IR SRR el o Yo i e
bdllistict ¢ommuterpdd, ethe 3PeedThE thae projattile 60 of SAOH piéetdiined time is

deternmines the signal's strength at  the respectjve
tclnag%ﬁag'%cp ﬁla gne gw%pglgp(qnﬁgth% ﬁalg&giﬁ&acgl@} Hegd 9f gfesmrgjqr@@le 60 at each
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enbodi ment, the_actual speeds of the projectile 60
speed of the projectile 60 at each predetermined time is converted in the ballistic
computer 30 as firing time, which is then transmitted to the projectile 60 whilst the

projectile is within range of the antenna transmission.

[0024) In the second process, represented by box 424, acceleration of the projectile 60
obtained from the micro-electromechanical (MEM) accelerometer 94 is integrated with

time of flight, and the actual flight speed is then determined at the respective
predetermined time To,T1,T2, etc.

[0025] In the third process, represented by box 426, the actual flight speeds of the

projectile 60 at the respective predetermined time To,T1,T2, etc. are obtained from the
flow sensor 92.



corresponding to each tinme period To, T1, T2, etc. are
coded into a signal, which is sent to the projectile
60, via the RSSI input 72b. In another enbodi nent, the
cal cul ated speed of the projectile 60 at each
predetermined tinme is converted in the ballistic
conputer 30 as firing tinme, which is then transmtted
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Kh}’FP&rK#iman@dtueﬁggallggaﬂnmm i s enpl oyed to operate on

the out puts of processes 422,424,426 at each

predeterm ned tinme period To, T1, T2, etc. In addition,

t toe211hEhe btttﬁ?&!stuhéﬂddf&hé @ctﬁﬂrs}b@&i Bf thelysiBféchlé d0NAR a predetermined
balll tic copputer be inputted, Trom box %
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n I t
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rel. abi.l E::%Eor wei ghting factors may be applied to
t FRE VB S MiRitocesses 422, 424, 426 before the
respective output is operated by the Kalman filtering
al gorithm 430. [0027] The better estinmate of the
d@@Zﬁd{l As plaovh of Fithet, primndhe ptogedhile 60 isstill sidsdras, i dethion is then
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processes 422,424, 426 f transmission between the antennae 32 and 75 is no longer

effective, the Kalman filtering process 430 may recursively estimate the actual speed of
the projectile 60 based on the results of processes 424 and 426. Once the trigger time is
reached, the microprocessor 72 or timer 76 activates the detonation circuit 80 and the

explosive charge 52 is fired.

[0029] In the above embodiment of the present invention, the computations of the
actual velocity of the projectile 60 at each predetermined time and Kalman filtering are
carried out by the microprocessor 72. In another embodiment, such computation may
be done at the ballistic computer 30 and results of computations may be coded in radio
signal transmissions between antennae 32 and 75. In another embodiment, these radio
signals may be encrypted by encoder/decoder 74 in the respective analog end 34,73 of

the antennae 32,75, central processor 40 or microprocessor 72.



remaining flight tinme is then used to set the trigger

time for the detonation circuit 80 to activate its

FI RE output. [0028) As shown in FIG 4, when the

projectile 60 is still airborne, a decision is then

made in process box 445. In dedi sion box 445, if the

trigger time has not el apsed, the process reverts to

box 420 and the actual speed of the projectile is

determ ned again in processes 422,424,426. |f
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athe projectdsisanatiziyg speed and dh-4liyhtdipsédRetidn. FRhEE tiUrojectile may
system 10, t%(fa m croprocessor 72 sets the detonation
c%F%‘E?P{at%é‘ pi-destrugt detppatdon moBanismnsq dhat pensixploded ammunition

ewbed gan eeehdess | apnd; id Lwstrated, it is
under st oogé%tﬁlg%/ mnyﬂlgﬂaﬁ%(resa?ﬁfgr%d%]ﬁ c#gf ‘!iil'or%, Bno%er example, the
viardreprpenssorafimeyp rsoreakditamally leterine the phejediBe’sReRal $eed from

e PREBEF gl APk i el e GERodpsm: ihamsesa) mvention
gﬁ?abé BdedFoL Atihd Rlar %%ﬁ%ﬁﬁ%ﬁﬁﬁﬂ%ﬁﬁg | aunch vehicle

the central™ processor 4 e ballistic conputer
30 may include an



addi ti on channel 47 for connection w th another

antenna that is spaced apart fromthe antenna 32.

Wth this additional antenna, the central processor 40
receives another signal strength input and/ or PCT/SG2009/000054

velocity feedback; this additional signal
input at a known di stance fromthe balli stlléccﬁ%' b‘tgf’cemberzow

30 allows nore accurate determi nations of the

. projectile s nmuzzle speed and in-flight .
sd@tgﬁﬂgcatlon Further, the projectile may

i ncorporate a self- destruct det onati on nmechani sm so

t hat unexpl oded anmunition would self-destruct after
t Hey aremgthae of programpiningd trigger timotofie progmtihphemeﬂlmacompnsmg

m croply e

proj ect ?‘? n@ﬁ?ﬁ‘é@??‘%ﬁ#]%tﬂg%éﬁe ,ﬁexpg&ﬁsgﬂ%éed gun
- siharrel; | nput 42 In yet anot her errbodi ment, the present ‘
Y ORI
2 been fiwd;Gindl VB: . A met hod of progranm ng a trl_gger
tine o hod conprisjng: . '
det o Pl ’fﬁtﬁtﬁ (B e T Moo SRyl o anlFightspeca
efionsthbseodetamied $9 an atsedatgw BallitR dofilputef] &ideﬁrﬂgxﬂhﬂﬁmgﬁﬁe trigger

f%h&wgetgd of , thefﬂF ct| Iotgg@gg%ﬁq?et erm ne?lﬁtegarget, thereby

depmizmgrtheaéﬁdcﬁmmam@w@ne mizzl e vel ocity and
fli ghtwg‘ eed, fromthose determ ned by an associ at ed

bal i sPPEeRSistRiBmehPrRicsie Azl velosity prdyight speadraemprises
d Hmim 4 Kignd) GO thé ﬂ@jeﬁﬂxlh Qf‘fcléyhﬁ%r@%teﬁﬁﬁe@ﬁﬁé ﬁ?etr 'tﬂeeprbﬁctlle is

: Its . tar thereby - optimzing t
eﬁfeé %vé‘ﬂ@?%mas %élg%ﬁ! éfrseﬁﬂl |receivg dye ph mremrmnnw to the
t bligtic QjoRfpirict, ind cHAZR t4e bfb?échtéx%@ecfs'ﬁ&hhg&? ?tFQagﬁ{-d;stance

c&}%rlses emtting a signal "fromthe. proj
e pthe dallighcromedet i me after the projectile is
fired and determ ning the signal strength received by

an ant enna connected to the
. A method according to claim 1, further comprising determining the pro;ecnle s

;D

muzzie veioclty and flight speed by a flow sensor at relevant predetermined time after -
thc projectile is fired.

3. A method according to claim 2, further comprising determining the proj'ecti'le’s '
muzzle velocity and flight speed by integrating the projectile’s acceleration with time of
flight by. a MEMs accelerometer.

4. A method according to claim 2 or 3, wherein results’ of determining the

projectile’s muzzle velocity and ﬁl_ght speed afe transmitted back to the ba]hstzc
computer.

5. A method according to any one of the preceding claims, wherein the projectile’s. .
- muzzle velocity and flight speed determined by independent processes are cembined
with reliability weighting factors.



bal I'istic conputer, and calculating the projectile's
speeds from signal strength-distance data stored in-
the ballistic-computer. 2. A nethod -according to claim

1, further conprising determ ning the projectil epg1/5G2009/000054

nuzzl e velocity and flight speed by a flow SeRsREd #4 December 2009
rel evant predeternmined.tinme after the projectile is

flred 3. A nethod according 1 claim2, further -
ris ectile's . nmuzgle . . =
veltbe o RS BLINAL Wbl o8 BF B BFSchdiy Pginf Bferin the projetie’s
prvjady vdlecity aﬁdhghrsaeadodetamﬁhg tbyrmdepgndeﬁﬂ prg&btssleb)are itcurswely
Nﬁ%@ met ccording to claim?2
ﬁe\%ﬁbgregfpg&ﬁ uﬁﬂs a%fAm fl‘"ﬁg the projectile's

, nuzzle velocity and flight speed ale transnitted back
to the ballistic conputer. 5. A nethod according to

" any one of the preceding clainms, wherein the

projectile's, nuzzle velocity and flight speed

determ ned by .independent processes are conbined wth -
reliability weighting factors, PCT/ SG009/ 000054

Recei ved 14 Decenber 2009 10 6., A nmethod according

to any one of the preceding clains, wherein the
projectile's nuzzle velocity and flight speed

determ ned by independent processes are recursively

- obtai ned by enploying a Kalman filtering algorithm



