; e3e<6Tut A METHOD AND SYSTEM FOR PREDI CTI NG BALLI STI C Tl Me- OF-FLI GHT AND
RANGE OF AN UNGUI DED WEAPON Fi el d of the Invention The mm tion
rel ates to unguided ballistic weapons, and in particul a MMHIM@MWF

nmet hod and system for predicting the balftistic time-of fligh n range of
an aerially delivered ungui ded weapon. Background of the Inven ion Wen a
pilot is preparing to release an unguided weapon, such as a bonb, from an

airoraft, it o\ METAODAND'SYSTEMFOR PREDICTINE/BALLISTIE ™ ¥

data to enable ~ assess aS tO0 maxim se
the chance of TIMEQFBLIGHTANR RANGEOF AN UNCUIDER WEARONNed t he
aircraft with the target, he requires infornmation to enable himto

determ ne when he shoul d rel ease re that the range of the
bonb fromthe point of rel ease mfpélae#gﬂpehgﬁﬁﬁéﬁhe target is hit. One
currently avai | afflhe preiehodwbnmrpre&wtbs:td ngguitied baltigc madpdn'snandaﬁn fphit@tar~ s
utilises Io up tabl manuf act.urers r i.ne abl es of

ot & pr ovi GTAES the Teiibatbay i grediphig e taltstif Guter S ighoing fange af an
conbi nat i oragngfy RORBrelruaguided welgad, dive angle and altitude at tine of

rel ease. Wen utilising this nethod, the weapon delivery and navigation

system (VDNS) of the aircraft utlllse the | ook up data tables and

i nterpol ation techniques to pBaskground qféhgé“\!ﬁ'@lt'?'i‘ne of flight of the
bonb based on thaygg 4 piis @Be%qnn b/ RIABINS uRBHdA dkdpsdesih atsfaeocﬁﬁwcff

(and hence the unrel eased bonD any point in time. Once t range o the
bormb equal sntaiwsrafaiyls ipperdtive 4 té@tmmmdgémth #supste and tlmebr daﬁade@n@bltzh an
i ndi catl on I

b cont? guri 1p S5t AR« SoipR s bBln'sH 513 eyl RELANEL e iilfeniig e ™
once the t atlgeted atatget/veaqmm thavmldjelm aigned tthel a1r€tmﬂswmpptheanai‘get nhe:adaqmnieatl ng

the range a stl dght.is bothrald an

requires a ’irl]t(r(j’ en&h’ﬁ JHET 0 St LS, Q?Ib alémi“g 63? ghéth Fpgqre that
tables for tﬁ&ﬁn@@abnherbeﬂ@effdmmetﬁmrméleﬁeunﬂuhm@ﬂﬁt i @5rBetiTh Rithum nmenory
storage and aircraft weight are de5| reg An al ternaje approach usefr
nuneri cal i nt egr &1€ofUs o@ilablenmsthod for| predigting the danges apd Jimesgfrflightns

of nmotign %ﬂﬁ&eﬂ%@ﬁ ru'ph@bl%;heB‘éhflﬁﬁﬁﬁﬁfﬁctﬁﬁp@}ﬂuﬁﬁély%ro%h@ tatUPéEbofs@até growdlng
iteratively plot the trajectory of bonb, and "accordingly d rmne the
range and tthergange gndi gme-of\flghtsfor tani @(tmsmo@traySOﬂymhm@mmw%b@mhdmwelr it
S pot ent | 3l ShRUI skl Oof FBEICOhen HiliSnFBLORRARS B wlbh s 2
integrati omlehettry add mav@atmﬁ st (WDINES) Bﬁﬂmmlrchﬂ uffilige-the ldBkLujp data tables and
13000, Soc. TRUH M in bt A RS AR B PRSP o7 B R
nt egr ot or Eﬁﬁpﬁfﬁﬁgﬁ%ﬁéﬂ“ ““g??f*é“‘gﬁ“gf‘?&“%f ﬁgﬁﬁ""‘?ﬁé‘s‘f}?’?‘m'ﬁﬂss
t han about PAHMAR HEeo{Onge theyiangs ofghe Fﬁ‘ﬂi“ o) lsteddprges @ealﬂ
entirely un%ma@bwhdﬁi fdidafiof ah&Uhattonth {NRalRTEE rléide.t | ARerRhtively, Hihb
data for a hi speed aircraft, where the aircraft will have flown several
tens of feeWDg‘{Sr may; be kenfagnred to-autesmatisally sdlease thechamtng the apprepriate sipegice
present i mzhETER PR B Hau bebl S WENTNAboblookf i BaRDRBEL ¥ el apd |
of the abovanabbHiphans dyds rapd aatl diemsthdwever @tvrqdlelras laseeﬁmbmblus emmamt \D(f
= et hod_of MR RS orE A SR BTG} oD R e RSBl Vl'sﬁes
ungui ded weaRPOMEGIAYM ﬁieﬁﬁ'r)t hﬁragéeﬁai&lfraftwesgmm\dednmg t heor et| cal

ti i pat i t t ti
bal 11510 1 o] ot RGO RPPIAG Vit | AT SHn BegRtish Jor el HBYisAY over

a flat non-inRbalkd A9etFeqlatashs D msifohi (AM dl:fscfib%atﬁ@ mrreﬁiaﬁa%eha'suléurtdfdm béthbnD
angle and trué air speed and weapon mass; nodifying said theoreti cal

equat i ofts Upiiterativiely Blopthe tipipetpryopt therhosel. j2ne W&Q:ffi@tgb’ fefernping the, rapge and
enpi ri cal ﬂH@Bf gfggnta%f?éi'tﬁﬁtxhé‘mo& hed Rd}ﬂi‘éa.l t'i% of 1s‘;1;5dt§{lfallgfsl&9'aﬂd
weapon, each sal orrection factor conpri SI unctl 0 orrectlon
const ant antiffeupan amplwnenﬂ;e [Thst meithpd @iﬂotmeulgaswgpmprommﬂmwm ag@ymcy and
altitude, cli ndtrealrs

i ght:  cal BEfG ARG SnBEREToR RybeBRr Aiserdidn B3 L uRIs TR ERTpabRS!
constants for said is weapon using a corrput ational paraneter optimzation
process correl ating solutions of said enpirical equations m mmnmm“mm
ballistic results of range and tine-of flight for said Weap m“\ ray
of conbi natlR&HLIBIKeHIEHCr el ease altitude, clinb angle and truegghg. speed;
determining altitude, clinb angle and true air speed of said aircraft prior




30 release of said weapon; and cal cul ating predicted range and ti ne-of
flight of said weapon by applying said aircraft clinb angle, true air speed
and altitude and said optimal correction constant values to said enpirical
equations. [R ~L,1BLL]13489.doc; TCWGIG 2 3 In a second aspect, the present
invention provides a nethod of aerially delivering an ungui ded weapon from

an aircraf 37690 i STHg bientStdeRioses I Q¥AIin® dykear obi Cc%'lcu%}ﬁ?t RN Dallistic
approxi mati ng theg%heoretl cal range and tine-of flight of ballistic

traj ect ory hsroiotignhand raage olawegnoarfeons p kaoys pHitudeaabovera araet usingrweightedt s
hon-rot at i RehRauidds & Aeitdl Mebiadrofh mgag%o BB ge@ératbisy Forviq%geg?es%ﬂ%e
anq jtrye air speed an weapon rra;s; .m) | ng Ssail jtheore |ca quat'| Or]S
utilising despltbambbay 49f mees peaetidrtithectdodslay ofpbwuisde ewsiver, dalaneoptiagly ons

appr oxi nat i t a n Le-of {11 aht of .said. n ach,said
correction “ﬁg%ctegﬁb%o@r% gril gcafcg[s?lﬁ by 5?1‘9% a%lc{ é‘g}%r%cq\@gﬁgg%n’g’f a?nplgz’nﬁpeﬁd
par anet er -airora$igvetete thef aioraft heillghiave plloin weapainefiebdse dirinpttiealcalatioh
angle and trye aitx speed, air densjty a apon time-of flight;

cal cul at i né’e‘é%seféﬁ"t‘ﬁ?%q%ls3?C%?qyrfﬁjl]dsel}‘é¥rﬁQgﬂ'ﬁf\,&@ﬂ?-d correction constants for
sai d weapon using a conputational paraneter optim zation process
correlating solutions of said enpbjelctdf tiRélWkdritisn W t h known bal listic
results of range _and tipe-of flight for said ~ s weapon over_an array of
conbi nati ons of WeldFBipbiest ehibe pigSentinuntiop |ty A¥CTeonye or shstantiolly amelierpiee;
sel ecti g AedsPERass th@hbEiRidAdPRitshedl draf Rht WpldVidAl fhebfafiSihatiflet er m ni ng.
the range of said target fromsaid aircraft; ao determning altitude, clinb

angle and true air speed of said aircraft; calcul ating predicted range and
time-of flight of said weapon Bumamaryiafghednventienraft clinb angle, true

air speed and altitude i P i aid
enpirical equations; ar%lgg(rjfg easgleﬁ’g&lse;q? %seggg%%&w\ﬁgﬁg@gfgqrgérﬂéaéféfgﬁd}rcgﬁge of
sai d weapomange swbihedof-flight\of 28 aedgaldy delivesal dnguaduglewedpoaaiothpirizingethe stapsa
third aspectf., the present invention provides a systemfor predicting range
and time-of’flight of an aerially delivered ungui ded weapon conprising:
data st@rage neapsoddiagith@reticabedtatipng dppreximbtiittel thédretidad sdtlgk and inieddg e
and tine of flid)gJLt faor said weapon .over an conbi nati ons of apon

. a{mr’lay of
rel ease al el agisﬁlﬁﬁra%eﬁtoéﬁﬁ? Aog 4y a_tvché’a};lP %BE@@P‘"&TW"@? YW 8d Hat a
acqui si ti ooBaAGng QArtiled £FiNcbNEf al:épohuel@asecdlmbe,@ﬁﬁibemg&dmidrwe At speeaeed
of said aircraft prior to release of said weapon; and a first processor
nodul e operaafiwegremmessdi fi ed enpirical equations approxi mating the range
and tine-of flig . Al ' N ' . hei
derived by nodi f?lltlondg?fytl%g%a?%pfe?%?i@%lqu %‘?%ﬁ?%g’%%?%ﬁg?? e&?‘ﬁgg?égfgﬁségl
range amd [pRovid¢ BipiricaBagatidos apf@vym@iiae the range and time-of-flight of said weapon,

each said correction factor comprising a function of a correction constant and a parameter

selected from the group of weapon release altitude, climb angle and true air speed, air
density and weapon time-of-flight;
calculating substantially optimal values of said correction constants for said
25 weapon using a computational parameter optimization process correlating solutions of
said empirical equations with known ballistic results of range and time-of-flight for said
weapon over an array of combinations of weapon release altitude, climb angle and true air
speed;
determining altitude, climb angle and true air speed of said aircraft prior to
30 release of said weapon; and
calculating predicted range and time-of-flight of said weapon by applying said
aircraft climb angle, true air speed and altitude and said optimal correction constant

values to said empirical equations.
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4 time-of flight of ballistic trajectory notion in a vertical plane of a
poi nt-mass noving over a flat non-rotating earth as a function of weapon
rel ease altitude, clinb angle and true air speed and weapon mass, said
enpirical equations being derived from sdid theoretical equations utilising
a plurality of correction factors each conprising a function s of a
correction const &mnh sedotid aspeat, anepresens dlvesti@tiprovides & hetigdufRedhlly\8apRFng

rel ease altitude, clinb afn(?rIBe and true air sgeed, jr density and weapon
time-of fl iaaﬁlp,gmgetgggw 70 AR QU ERRIL COMPIISING § 9%?1?%?- on a paraneter

optim zation coderdvidiaghitdérdtict] &iiaBdR Uppddivatit {hEBheotStida PanRt afd@tithe-of-
correction constants for said weapon by correlating solutions of said

enpi ri cal dbglataf dalisif trajestory mosigr iy g viertisrbplaag pf 8 ppint-mass moying over arflatan
aircraf 1 hi k [ 00 (L1 C

equat i o%snﬁgﬂggﬁg{ﬁg{% %iag |§§6e}<{1|0frq§n é)ﬁé%g&{e?at#gp g?’gp Flﬁ)gé%lgleo stgl}edg %Nsepéeﬁgn by
appl yi ng sanhdwsaparmfss;cl i nb angle, true air speed and altitude and said

optimal correctiagn nst ant ,val ues to said enpirical .equations. In a
fourth aspect, tﬁlé()dgg'&gesr?tl fl}?%eﬁféowu tﬁ i‘ﬁ‘z@)ﬂ& %@é‘faéﬁ( f’gf:o%‘??lpﬁljfﬁjorsqo

del i veri ng pasviddgmpiidl vaarions fgproxiantiag tiey Ahpe bad dnkeadfeflighdof &idSleapon,
conpri si ng: a}rjoa\(’:\issor Jreans for cal culﬁ;tglt'ri]fgu?fr edi ct ed range and ti ne- of
flight of SATHAbEYETPLion LacionsompEising 2 aghah of-famEreHen eonfant aef & RpFRMCISA|
equat i oS PIRERY IfFEM D gfoRP AT A&iphoh irdBaselalfituli&Ndlintd as@k dn¥8ARC Y sﬁe%!d,dair
enpirical equations being derived by Zo nodi fying theoretical equations
appr oxi nat idgesitrandiwesppefime0f-flighlge” and tine-of flight of ballistic
trajectory notion,i i I f (o) W3] j at
nonrotating eart %agglagngﬁsﬁgét%glﬁngf%%o%@egl%ggael a I?rie?ga elag%ﬁq%ﬁ% fgrn%f}‘g and
true air speafomndingenpomputatenal paiaheterpdptingiziticngpratéss neriskiting sobutione dff r om

said theoretical .equations ut.ildisin .plurality. of correcti .f.actors .each
compri s ng A ol fih bt kg RAsSC sRubs o Aacald fiseetdieR o8riar o
fromthe grmapodbveranperay ofambimatidisi df wikaporctdldile alfigide, elitb hrgle and truspred,
air density and weapon tine-of flight, sald processor neans including

subst anti aISP?dé)pti mal val ues of said correction constants for said weapon
derived using a @g@ptmgag{ap%@l parameter optim zation process correl ating
solutions of said enpirical equations with known ballistic results of range
and tine-of fliglilignisg saidiaircrablapidhsad 4edn 30 array of conbinations of
veapon 1 el ease aldeichiififing {He b HIhif (AP0 b Sailllroapeed; Tl ght cont rol
means for aligning said aircraft wth Said target; first data acquisition
means for det er mdetenginihgaltitudgeclionb srglelandirggeair speedof sdid aia¢rafir af t ;

[R 1LI BLL] 13489. T iat 3. i St :
determning alti tcg%gd,aagg\i’pﬁ%%%gﬁ%f%ggn 89 ?ﬁ%ggﬁ}gﬁggggﬁho‘ﬁf&?gﬁ‘?g% P Ic”r?%% £ alfi or
use by sai ciferafic eBmbrangbansue air cpberihad iattudeaand paiddoptined cverption rcangmtand
time-of fl iV%B}; and, neans Qor r.el .e?%i ng said weapon when said predicted
range of sarteiidipidepprealogyations; fad |y equal to said range of said target.
Typically, said trbiesigt h@hehpdewhén édid gha‘dicﬁaﬂﬁh%@tif baid weapddl is substadtially + 4
~ g zotf - 2mg b ~ o where; tf= weapon tinme-of tlight, m= weapon nass, zo
= weapoH r dBalde saidirangsdy said targglaknown drag factor constant, t s rl =
unknown const ant iy by hifY &4kt fhelbiedt ivéifiod proRESS §5Rh RR pdRtihg rEfldas
gravity, and VZrnrr= vertical conponent of "weapon release true air speed
Typi cal | y, tya¢-df-flight pban aeaially slalyecredjunguidad weapon pompisigg: - m-xnW/1 8 "r f
| b where:

data storage means storing a look-up table of ballistic results of range and time-
of-flight for said weapon over an array of combinations of weapon release altitude, climb
30  angle and true air speed;

aircraft mounted data acquisition means for determining altitude, climb angle
and true air speed of said aircraft prior to release of said weapon; and

a first processor module operating on codified empirical equations
approximating the range and time-of-flight of said weapon, said empirical equations

35 being derived by modifying theoretical equations approximating the theoretical range and

[RALIBLL]13489.doc. TCW-GJIG



r .= weapon range, m = weapon mass, b = unknown drag factor constant, 2s tf=
weapon tine-of flight, ~xrnrt= horizontal conponent of weapon rel ease true
air speed Preferably, said enpirical equations include a nodification of
the vertical conponent of weapon rel ease4true air speed using correction
factors based on weapon release altitude, clinb angle and true air speed
and air denjhd-yf-flight of bhbisti¢ 1AABRF AotiBAVIhGI Certicll Flasd 6f aPoint-Baisdmoving
enpirical equations step.include a nodjfication of said drag factor using
correcti on A8 dlas npadelgting cahava freqtionf weapen aeleasepddiyderclinb englemart v.
Pref er abl y,i.sal: i L L QNS 4N i f 0 t t | rg- of
flight cal é{J a%lgcf% \g\ﬂ ﬁhgg‘%’%&? EZ%?%% i%%lgl %Pﬁg?]gf ‘E%Qﬁ'ogﬁfb% y&ug%r?\%r(\i grgllnném
correct i on themetinag equasions wilisingve ahwality of eersectiah tfadtond @ach bemprasing e dtnction
conponent of on...I t i ir . density. Preferably,
sai d errgi r iOCfaaf Qgrcr]%%%go%sn Sﬁhﬁ?ﬁdgsﬁag%nngta{ £ ?lgé;t?c?gﬁo r?Igftﬁlet l%o%o?{; %’“ﬁ?% release
conponent cititnéa phimbrasgkamd ttucwdr speed, ajrelensitysindgveapon dielqdFliggt or s based
on weapon rel ease alcté)iﬂéude clinb.angle and true air s&egﬁ.aﬂd.air ensity.
[

~0 Preferably, sd&i Qb FPLEIFOTMOdiconRETatHE ORc? DARRKE AL} cofe to
weapon r angglcufid) JsubStah@dlyl Optich@Glalics dTaaRrdcaecyiBRROAstAR e@sw@ﬁe@aﬁ%&ggy
|

clinmb angle and true air speed, air density and weapon time-of flight.

Bri ef Descraiopelagng splutipes of said pepirisabe@ptpnsewith spigh lopk-ip datjhe balligtic rasulésit i on
wi Il nowy be described by way of ~ s exanple with reference to the
acconpanyi ng draw ngs, wherein: Figure 1 is a schematic side el evation view
of an aircraft canrapicradt mounted)thindeuodsssoy nzovdlef dperatipgaincaisl empicicgequatiingur e
2 is a schemmtjc,re tatio . the .01 C acting on a bonb. Figure.3 is
2 sohomat 1 OrelsPAERIRTRr Abp® A s ARRERE wff Wit B ARl i BESg
acting on tdienbangbe, ofue hirgpeer] aid diitgde anddsaidoptimal verrattion doapmaseicatto emdof
the vertical canponent of the vertical forces acting on the bonb of Figure
2. Fi gure SMRNEECAWRYORP agram of a method of predicting tinme-of flight and

range of; a bonb. [Zs BeiRbigRe:, BRSSEdCRE in9Bntin froEdRY @Eﬁ&é&%r@éﬁ@% EBMefing

Figure 1 depicts an aircraft 1 car rfélgng an ungui ded weapon in e formof a
bomb 2 and @ yngHigled weapomifremandarcrafiztp g\selegied idract copwrisinga ) . The bonb 2 is

carried underneat i j )N+ n -The
rﬁé‘?%egforafn%&{saffér 188a étﬁét@?ﬁrgﬂ%éoﬁgWQBf H 0188'5[11 o

f
weapon pylon 3 i ‘udes neans 4 for rege si ng _ , typicalTy in"
wel | known weapamofaid pretesseratmeans3inclistingncodifiad ssmapiticalj epintens wpprokiniainge

e oo el R phe: PHLBD 9t 635, ol Wil AR uidy Gpaerss 1o
ai rcrafio. Anddifygeg tHeoiesichlogahibshsapprixiratingf the theokatical rangadd timbeffhglgefr
ARG ST IR AT E TR W IR I W
rotating earth as a function of weapon release altitude, climb angle and true air speed and
weapon mass, said empirical equations being derived from said theoretical equations
utilising a plurality of correction factors each comprising a function of a correction
25 constant and a parameter selected from the group of weapon release altitude, climb angle
and true air speed, air density and weapon time-of-flight, said processor means including
substantially optimal values of said correction constants for said weapon derived using a
computational parameter optimization process correlating solutions of said empirical
equations with known ballistic results of range and time-of-flight for said weapon over an
30  array of combinations of weapon release altitude, climb angle and true air speed;
flight control means for aligning said aircraft with said target;
first data acquisition means for determining the range of said target from said

aircraft;
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7 target designator and range finder (LTDR) 7 usually used to designate
targets for |aser guided weapons. Once the pilot has selected the target 5,
he needs to align the aircraft 1 with the target 5 such that the target 5
is in the sane vertical plane as the pl afe of notion of the s aircraft 1.
This is achieved in the usual manner with control inputs fromthe pil ot

bei ng processed tsecandgdutd hepidiighheasfor détemoiniigt AtitudERDmBatigle Al tridairous
flight control,surfaces 9 O{Q the. aircraft. To decide V\/rler] to release the
bor 2, t hePETd 81 SARGALTES R i MW FA PR GRERDS ( FICHIRURRAIE) Bredictednge)
if it is rehepshdaite aa0YinRMlight)ahd ™8, and ideally rel ease the bonb 2 when
the bonb range is equal to the range of the target 5. i o To assess the
range of the bonineansdonkleasing; Bidhiyesron wherppid dredigtpd range afesaish weapn tsed
veapon can dubkghtidl e%@l%'ind%ﬂEé'dffshiﬁ%rgé!t.CO”S! dering the weapon as a fixed
wei ght poi nt-nmass froving over a flat non-rotating earth. Such a point-nmass
is represented in Figure 2. The forces acting on the point-mass are a

conbi nati on of gr@?ﬂi%%lt‘/?%gd@lﬁ%ﬁéﬂﬁ@%@ﬁ@% and the general system of

equations of noti cane %n’rsépr esented as follows: m

d~ =-D-ngsiny (1) nV ~~ =-ngcos 2) dz_= Ysiny (3) at ~ = Ycosy (4) dt Zo
where: V= true airspeed, = banb g_pg?s, 2D:drag, y = flight path clinb
angle, is z = altitude ab r Buh b ével, x = horizontal distance, g =
accel eration due to ear# —ty—eand t = time. [R-U, 1 BLL] 13489. doc: TC

W.GIG 8 The aircraft tfue aif¥eed, light path clinb angle and altitude
are available fromthe aifcraft'8 flighf data acquisition systens 10,

i ncluding, for exanple pitot-static probes, global positioning system
(GPS), gyroscopes and processors processing data output fromthese data
sources;; S Wien ayfiaaérl y accurate aerodynam c drag nodel of the bonb is
included in the notion, it renders the above equations extrenely nonlinear,
and no general sdratcapen timeobElightf or m has been found that is satisfactory
for an airborne f)iLght.- | conputer. To sinplify these equations, drag
(D) is assuned to’hbgmfpﬁgﬁ{gtggon of true air speed, giving: io D=bV where:
(5) b = unknown dnagrdapon eleasonbittadet . Appl yi ng t he assumed drag function of
Egn (5) to Egn (1)_ ve, and.considering notion in the horizontal plane,
as depicted in Fij%ﬂre R ra%é’%&}f"%‘s M%t 2 --b dt (6) The solution to this
Egn (6)s for the W eunknavi canserint,of the bonb at any point in tinme, can be
approximated with the follopng trial solution: x=a(l-e-kr ~ where: Zo a, k
= unknown const ant=s—§" e-kr = Vx (8) at d 2x--akae_w (9) dtz
Substituting Eqns (9) and (8) into (6), we get: -mak 2 e-kr --bake-k' is ~

k='b (10) m From Egqacderatici dde t& efhth’WRra88Y, ardR ~L1 BLL] 13489. doc: TCW GIG

Vzimi= vertical component of weapon release true air speed

Typically, said theoretical range equation is:

20 r=—m—%ﬂ(1—e~%'j )
where:
¥ = weapon range,
m = Weapon mass,
b = unknown drag factor constant,
25 ty= weapon time-of-flight,
Vm= horizontal component of weapon release true air speed
Preferably, said empirical equations include a modification of the vertical
component of weapon release true air speed using correction factors based on weapon

release altitude, climb angle and true air speed and air density.

[RALIBLL]13489 doc'TCW GIG



9 vxu,rr -ak b (11) =a ma= m ~xrnn b Substituting Eqns ( 10) and ( 11 )
into Eqn (7), we get the horizontal distance travelled by the bonb (known
as the forward-throw) at any point intine as: _|'" r s xinvwxrrrrr (1-a rrr
) (12) b If we now consider Egqn (1) for fhe conmponent of notion in the
vertical plane, as depicted in Figure 4, we get: ndzz_-bdz-m 13 dtZ dtdt g
( ) The sol uti on Prefetablys skignerfipitisal) equ‘adbnst btep dhéludles demodlificigorb ofBaidt dragy
point in ti e, i San g%g r‘rgted Wt h }he followng (&lal sol ution:

h 2=c( 1- daotorysing GOryeciian a0lgrabascd pn vigapqn el iR fiF RS pigh Bl density.
_dz-bce- hr+d - Yz prdeadabit séﬂi@%?nbé’al eliiatlons %o?ud%‘d’%oﬁﬁic‘éﬁor( éf’)hestiﬂ%@-'é)f tﬂk’éﬁt ng
Eqns (16) and (1 into i fgﬂ{t . hr -

a "' +d)+ngaiulated) with éﬁ*ﬂEb‘?PT?th?l tige-qf-fight, ecmef* @wsmwmﬁwwncfact@nsw

(18) mm [

Lo vlg?/e &%bblgg&%a}gﬁgﬁu&@?h 1@1 ?%%?a&nt O?mer(ge@oﬁ réi%sg Elﬁn&ﬁﬁ%eﬁ%}lg
0, z = zo, andepsiBgn ( 14), we get: ,~z0 (22) Substituting Egns (19), (21)

and (22) into Eq .get:. b -r Z-7Q + ~~Zf M.t b )~1-8 N~.~ ~ t
or --r mVZ~-n,r mri)rr %lf%rdé)ogl ’ \gglzciogrg?1r|§ate@aﬁo§s( T—cg}aﬁs )a-&lgaliﬁcftﬂg Oééfﬁ: E%’%%ontal
represents cbh@ohmtgiftwe:ﬁpoh helelxentbueabio speddmesiny cornettiah fhctoBCiRes oafweipoht | s

rel eased fromth alrc af t erI to o | nepr|C|t solutlonfor t he
ti me- of fllrﬁlﬁ?set t?i}mcbr?é‘g?(ﬂ’r‘gt fodrsees 3“2]1 et“ﬂ’éyground (i.e. z=0) using

Eqn (23) is near |PfeﬂefHBQ§ $hill eédhpirical equations include a modification of the weapon range

using correction factors based on weapon release altitude, climb angle and true air speed,

air density and weapon time-of-flight.

Brief Description of the Drawings
A preferred form of the present invention will now be described by way of

15 example with reference to the accompanying drawings, wherein:
Figure 1 is a schematic side elevation view of an aircraft carrying an unguided
bomb and flying above a target.
Figure 2 is a schematic representation of the forces acting on a bomb.
Figure 3 is a schematic representation of the horizontal component of the forces
20  acting on the bomb of Figure 2.
Figure 4 is a schematic representation of the vertical component of the vertical
forces acting on the bomb of Figure 2.
Figure 5 is a flow diagram of a method of predicting time-of-flight and range of

a bomb.

25 Detailed Description of the Preferred Embodiments
Figure 1 depicts an aircraft 1 carrying an unguided weapon in the form of a
bomb 2 and flying at an altitude z above ground level (AGL). The bomb 2 is carried
underneath the aircraft wing or fuselage on a weapon pylon 3. The weapon pylon 3
includes means 4 for releasing the bomb, typically in the well known form of a releasable
30  detent means and ejectors which force the bomb away from the pylon on release of the
detent means in response to a command from the pilot relayed through the WDNS
computer 6 of the aircraft. A target 5 is located a range r from the aircraft. The range

can be readily determined by the aircraft’s data acquisition systems, such as by a laser
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Accordingly, it is necessary to derive an approxi mate solution for the

ballistic ~ s tine-of flight (tf). Firstly, let: |-nV ,~~~~ b+nZg (24) b2
From Egn (23), we get: bzzo+|-|e" r- ~t (25) zo At t =tf, z = 0. Egn
(25) gives: __h 0=zo +l -le "'rf - ~t f7 (26) or [R~~L.I1BLL]13489

doc: TCW &G 11 n _, t, +le """ -zo-1=0 (27) Egn (27), can be sinplified

by maki ng tdrgetf ddslgmaion gna pargexfindet (OTDR) 7t usublB nsasher desighatel tarzetsRorduser
const ant. Subd% |tut|ng Egn (28) into Egn (22), we obtain: t f -Irl t f -zo
=0 (29) Eqi4 §)VPBMesents a readily sol vabl e quadratic equation in t f

Sol ving this equaiiceihe PotdRS seldetbd thit tdrped 3 AR & {\ﬁgn %@Qn@ra(ﬂ?’p)wﬁ?l fRgn |
(30) thus provides the tgredl cted ballistic tine-of fl (tf

Accor di ngl yargeighsuqhithyt the dargdod isdndhe h@méwlé@llpl@mmﬁlgméana mastioneef thg t he
theor et .calkanoe AN d e o if WcalaClhalil Wit Lot SRS B HOLRNNLAGR

vertical pl'ane o en it 1s consiaere
over a fl atprmnsedoﬁmdghgtheaﬂlght Cbnts)lA@nmme;e(F@ﬂ)aB|tonﬁleavamouhdhgh!t cardtal and

do not accaqu f r i Si ng
t hese appr 3?3%%???%3 n%aﬁa © S‘flg%lwﬁns doler?g? H%r gﬁbd%qgﬁ#’f ﬁf l{%k@%‘?’acy
t Odb](? r SI [ erdlwtpﬂmeibmm 2004l crevelme@mfge?mlyls rélgased @t dr%)p(ﬁﬂldn(tﬂﬁé afd Gdeglly
nmodi fied utilisi vayi.oys correction facto n an a provi de
enpirical JEleREt E%QO% %%ﬁ%g%%g@e? ‘SrFé]tuELtolz Wﬁg%eﬁ}a rgg lts. Zo At
any poipgt in tinmerggdses the rﬁt?éeeﬁsﬁleon{mQhé)ﬁﬁ‘IHst?c Hoﬁ@ht&%aéérﬁll fdeliberelln®
aircraft true air speed (VI), altltue(z—) and clinb angle (y) are known

from t he f|unghided sveapen caw tt@rgreqrtb@mwhﬁeét@r%nﬁ@armg G)hﬂ WhepoRags @ dixed
flight dat %&gﬂugﬁf@ 20 TSFE P viP Pfrat nf'%%ﬁa%gf barttV t SudiN& ?8{5? nlgsg
Ir t e and

fixed to th prior t ease, e trueé alr spee titu
clinb angl eepseanteel 1b€mgurwﬁl ITthfetacsl a}ctieqwalthct beitit-whss dre agpmbiration of gravitg

tc(r)‘rjrg LA SRgadelaaldmi c{}ﬁ?{%ﬂ{i E}efg 00k 574 B8 R EBhs 8P HBA ARY & the mass

15 can be represented as follows:

miiK=—D—mgsiny (1)
dt
dy
V — = —mgcos 2
my’ = - = —mgeosy 2)
dz .
— = Vsin 3
7 Y A3)
dx
— =Vcos 4
" Y C))
20  where:
V = true airspeed,
m = bomb mass,
D = drag,
v = flight path climb angle,
25 z = altitude above ground level,

x = horizontal distance,
g = acceleration due to earth’s gravity, and

t = time.
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12 yxrnu = yr cosy - horizontal conponent (31 ) VZ'", =V,. siny - vertical
conponent (32) The air density (p) at a given altitude (in netres) can be
approximated by the following: h p = poe- ioooo (33) where: po = air
density at sea level. In nodifying the aﬁproxi mate theoretical results of
Egns (12) and (30), correction factors are applied based on paraneters

whi ch are expect dthetaircerftf tewt aitdpeed, flght ipathr @imic adgle asdihltitudthes evaiabresar s
are expect to ingl altitude,..clinb ang]e .(or .dive angle, being equal
fo°- Cebt o tngitest®y Mt agadiincn; el heheine Tol SRamble g rtotsBe  ne
range cal cLﬁr@ﬁe!s,o@)obaAsziﬁ@ﬁin?r@s@npt(}psvy,r scpes &el BfoseRbR aﬂﬁédsﬁ% Hgxat he
vertical velocity conponent vz~rat) aStollows: Is Y = vZ~~~rr 1+ ~I cosy
+ ~ + (33 2utputfiontheee datmsowyssre (31, (3z, (33 and (34 are the first

t hrough .fourth c it9R Y ' ' . . a
Givision of the tYng arpnyseaRaRlieioqubific Fap fiddl SPLERRLIAR ihaBIA AR, [
order of nuagotidndierenflers He vbdwscéquatienspextsgietynnomlirean ghd ndi grnesal sSlutiohanl! vy,

the altitude correctiqn censtant .ha di Vi Si on. 1500 . m A second
oroup of  cPER iy Bh e dReb Rl R {OBBeRery o af RirPimd MOy Tho k) PHEET (b) as
follows: a8 b=50-H35mpliBE fhesd equaion? Sdiag (BY)is Wésanrd (t8She 4§ Ionctiodofathee aizg
are the fifth through eighth correction constants. From Egn (28) we have an
unknown corf8tEMEMIEE: which we rel abel as the ninth is correction constant
((39). To sinplify expression of Eqn (30), we then let: P~ _ ~91 (36)

[R ~LI HgL] | 3489 duespitW-GIG 13 pz = ~ piz + ~io 4 b h (3¢9 Were (310is
the tenth correction constant. Egn (30) can thus be rewitten as: z pi + pz
(38) 2ng/ MEEgit her correction factors are then added to provi de an

enpirical equati g gRB{RH J@é?&g}rtcgﬂstﬁﬂt.”e' of flight of the bonb as follows:
z Piapi + pzhh () =2ng +-a 1500+~~zC1500~ +~~4P+~~sVZ~+~~6 YZ 39 \Were

(31 1, (312, (3l4pplyisgathe~agsumedndragl Bmetien tofieEen evpriohEanr digboyiextasdnt h
correction c%BBﬁér%E Motion in the horizontal plane, as depicted in Figure 3, we get:

s m? Fo p9% ©)

The solution to this Eqn (6), for the forward travel of the bomb at any point in

time, can be approximated with the following trial solution:

x=a(l-e™) )
where:
20 a, k = unknown constants.
dx ~kt
——=ak =V 8
Zeake =7, ®
é—z—x—=—ak2e"" 9
dt?
Substituting Eqns (9) and (8) into (6), we get:
—mak?e™ =—bake™
25 — =—ll 10)
m

From Eqn (9), at £ = 0, we get:
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| .0 Afurther group of correction factors is applied to the horizontal

vel ocity conponent (Vx;nit) ~X =vx,n" 1 +a sing +~+ (31950 +azol
00 (40) Where (31 ~, (3l g, (319 and ~i 20 are the seventh through twentieth
correction constants. | s To sinplify Eqﬁ ( 12), and to add a further
correction constant, we let: __ n ps -1-a n~lf +~2I 41 Were ~21 is a
twenty-first correcti oV decdhor. Substituti ng this into Eqn ( 12), and
adding further correction factors, we arrive at an enpiricg@ll)equation
approxi mately the range ™ _forward-throw of the bonb as follows:

r=j moXp3+~22~xtf +h' 23t f 2+~24vx~+~zs 5 ~' ~' ~zel 00+ 20 ~zz h

+~z25~+N29I vxP)z+N30vxth?.;m e ~CcosY~a+~33yx~ (42) 1500

(R ~L, I HLL] 13489. doc: TCW GG 14 \Where ~22, ~23~ ~24> ~25~ ~26~ ~27~ ~28~
~29~ ~30~ ~31~ ~32~ p33 ~e the twenty-second through thirty-third
correction const . af r N its,
however it wll ?gﬁoﬁgtﬁg‘é tE(ng(S:t(gn ewrﬁ%q%ngggﬁ)ﬁy{g%&ﬁ%& n#agtd(r? t@r%?ti sh
units of festvelied buthe bomnbi(keown hothe ferwindtirbwy atyany lpoed ictimeast i on const ant s
(3, to (333 now need to be determned to provide the best fit of results
utilising the above Eqns f¢ fit the tabulating results provided by the
manuf actsurer for a giverr Hole These correction constant §l2dan be sel ected
by solving the follow ng paraneter optim zation problemutilising any
standard optim zation technique: to _z z J - W ~ tcnprrrcaf trabfe + w2
~ renprrrcaf fabllgwe4d)v &fhsided BYD(MHfer the cdmpomait bOMBHOS ¢n thederidabplage, as
mnimsed wth tne Qptim zation process, W, w2 = wei ghtage factors to be
sel ected d\gﬁé f FiglER 4t We Ftel at i ve i nportance of range accuracy versus
time-of flight accuracy, 15 tenptrrcal - ttable = tine-of flight error

bet ween enpirical fit vakz'ﬁe§_l§dzi | i sing the above Egns and kl t abul at ed

val ues, ~enprrrcal ' rtBpE = fﬁﬁ'@% error between enpirical ¥it val ues
utilising the above Eqns and tabul ated val ues, n = nunber of data points
conpared. zo The result fromsolving this optim zation problem which has
the time-of fli ghfheasodutionntgdhierbqor(d3)demthkiadiguddrgf the boetoatdmy apudntlibaine,
netres respectbi vel (i%rn,recti on constants (31 to p33.

Ny h f i.nal
These oBti nel 83??%’2:‘%‘%‘%%5 ‘(’:Vgtr}@?éatr‘?ﬁgwgrggngfgsr%u specific.
z=c(1—e—%l)+dt+f (14)

where:

¢, d, f=unknown constants.

[
& _be ;v =, (15)
di m

15 ——=——ce " (16)

Substituting Eqns (16) and (15) into Eqn (13), we get:
2 i
m(—2ce ™ )4 2o +d)+mg=0 17)
m m
From Eqn (17) at £ = 0, we get:
2 2

——-c+b—c+bd+mg=0 (18)
m m
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As accuracy of the range calculation is nmuch nore critical than the
accuracy of Zs the tine-of flight calculation, the second wei ghtage factor
(w2) should typically be selected to be nuch greater than the first

wei ght age factor (w). These wei ghtage fHtctors can be changed through tri al
and error if desired in a further attenpt to mnimse the range and ti nme-of
flight errors in calgul atifi§ the optimal correction consta?ﬁﬁ. Wth the
enpirical equations (39) amd (42) approximating the tinme-o i ght and 30
range of an ungui ded weapon 2 havi ng been derived manual ly, these enpirical

equations are ne il nted.to predict tinme-of flight and range by first
codi fying the en%%@?ggpﬁggﬂng8hgegﬁfo a first process nodule 11 as
depicted in the flow diagramof Figure 5. The person skilled in the art
will be well versed in ﬁtaﬂﬁquﬁﬁg;hods to code such an eqﬁggion
[ R U. I BLL] 13489. doc: TCWAGr 15pi'nto the first processor ule 11. A

| ook-up table of ballistic results of range and tinme of flight data for the
weapon of interest is StOﬁ?d i nm@ data storage nmeans 12. Again, the person
skilled in the art 'Ilaﬁglﬁerijérsed in standard data st®ldge devices. A
second processor nodul e 13 operates on a standard paraneter optim zation
code utilizing s standard optim zation nmethods such as a | east square
regressison net hodilsahf 5 2 =Fetiise Egr (H)TegBYF series reduction nethod.
Agai n the person skilligzin the art will be well versed ingshch nunerical
optim zati on net hods. he parameter optim zation code is uge to calcul ate
substantially optinmal values of the correction constants (3 ~ to i 33 using
t he paraneter optSubstrtatingBai 9),43)), and @2)inéo Eqn 6l4).amelggtecond processor
nodul es 11, 13 can be a single processor nodule, with these operations to
be being carried out in a prpcessqp, such asg,gn a PC, on the ground,
provi di ng substanti al | yz=ogatH={@l,,. Sof k Icorrection constants for

| oading into the aircraft. When th8 aircraft®1 is loaded with a gi ven

ungui ded wagpon 2, the optinmal correction constants for that weapon will be
| oaded into an aircraft nnunt@ﬂ third is_Eroggssor nmodul e, whi ch woul d

t ypi cal oy consi st of1ﬂu&ﬂM¥£ﬂﬂ@mﬁﬁ§%{LﬁamALﬁé%nativer, t (@3)opt i mal
correction constants for varidus ufgui ded weabpons to be used with a given
aircraft type mght already be prel oaded into the WDNS conputer 6. Loading
of a particular \éﬁr;@%) Wipldsedtd e 1R53H! VRHR HoRit ARVE thfrotMat REQRE @ter it

correction const for “that weapon. The WDNS conputer 6 al so operates on
t he enpi ri dalkelgased dipm theradrcrast. c@leadly o bie an explérit whyionaled the tme-wf-ightght

of the wea i I N LA Al

al i tude. g s PEBpHERRRER A Ablnder 0B IALE £oh (49, EhiatSAREESTRE,
and the optinmal cheaostinglgnitdomseeasary yaldarse fwapprozimasea golutivn forhtheemblisticc al
equation.1¥Vpg_h?%'%§rrection constants having already cal cul ated, the

cal cul at’i on™0f ?aﬁﬁé § and tine-of flight is al nost instantaneously

cal cul at ed directRitlirietn t he enpirical equations, enabling instant feedback
to the pilot. Once the pilot has selected a target 5, aligned the aircraft
1 with the target 5 and w&n%gJy%.unguided weapon 2, the WDNS conputer 6
will continually updatdgﬂgﬂﬁgffﬁfted range and tine-of fli{2MHt of the
weapon and conpare the sanme With the 30 continually updated range of the
target provided by the | aser target designator and range finder (LTDR).
When t he predi ct gdo 20§, idgetiveapon equates with that of the selected
target, a signal will be provided to the pilot to indicate that the weapon
2 should be released so as to maxi nze the chance of hitting the target.
The VWDNS conputer 6 coub<lzhe¢—ronti ed such that the predi{z¥)ed tinme prior
to release is continually cal culatéd based 3 s on the difference between
the target range and the predicted weapon range, and the [R ~L, | HLL]

13489. dge: TCW ~GIf3 ¢ = 46, 00r Egap lgie@nponent of the aircraft true air speed
( YX) so as that the pilot effectively gets a count down to when the weapon
shoul d be released. This will mninmse reaction delay tines of the pilot.
In anot her alternative ggﬂﬁﬂgy{é&Lﬂﬁ; the WDNS conputer 6 yad)l be
configured to automatically rel easeb the weapon 2 at the appropriate tine
when the 5 edi ct ed weapon range and target range coincide once the weapon
2 has been armed by the pilot. Wilst the calculation of the optinmal val ues
of the correction constants will typically be carried out in separate
processors on the ground, it is envisaged that the optimal correction
constants cal cul ations m ght be carried out within the WDNS to 15
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conputer, prior to the commencenent of any rel evant bonbi ng m ssions.
Exanpl e The enpirical equations (39) and (42) derived above were applied to
a MK 82 bonb having a wei ght of 500 pounds (mass of 227.27 kg). Table 1
provi des a | ook-uptabl e data of known baflistic range and tine-of flight
for an array of conbinations of altitude, dive angle and true air speed
(all expressed in Britimh, units) as,supplied by the origin equi pnent
manuf act urer. Sol ution ?344 (uﬁ%oﬁﬁz tion problem of Eqn %&3), utilising
wei ght age factors_ of w = 8000 and wZ = 2| 3000, provided the follow ng

tabl e of correct iFsH @ohstmbe smplified Byymaking thefallewing erproximpfiorps ~1-33 =
100*[ 0. 00291082347602 -0.00638158812863 -1.97903705273431 0.00436642397023
0.00719707351935 0. 00349836751 -0.00202951535514 0. 00202603830698

0. 00208232078074 0. 27630898987104 - 0. 005213860158S3 0. 000664830452991
-0.00138340193913 1.67519490029754 0. 14592396993844 -0.00090418306503

0. 002562773804S5 -0.034477S9688978 0. 1473S863202910 0. 00231809175132
-0.0030371 ¥34 0.00135259750495 0.00062295741717 0. 00107244877289

0. 00028695252947 D=QaRAAADEREBALS - 0. 02368766941289 - 1. 08872607704417
-2.41869503298S74 0. 00002857107493 -0.00007086918037 0. 03964192332155
0.02113397094226]_ 30 Util |si these correction factors provi ded an average
error for the boﬁ%‘?%ﬂﬂ%ggﬂn PﬁSiﬂﬁﬁg)zﬂﬁf %) a root mean square (RVB)
error of S31.82 mm (1.7448 ft) and a maxi mumerror of 1893.5 mm (6.2124
ft). The average error #g; t i of flight was 0.0362 s , Wth an RVB
error of 0.0465 secs ang &'#agﬁaﬁﬁggrror of 0.1571 secs. [gﬁéLIBLL]13489
doc~TCW GG 17 5 It can thus be seen that the enpirical cal cul ations

provi de an extre redi.ati A0 ne- fdl ver
the full spect ruﬁn?@? ggﬁ%&’?‘é%n%g‘%@{ %‘03‘?1%’?{)9‘5331%ﬁ%@g?&d{55 fahg%ﬁ%%ﬁ?r ue
air speed agy toet:n Table 1. The nethods described have al so been
applied to the tabulated ballistic data of four other bonbs, with results
as follows: Tinme-of fligh 2

Errors) AvgRvBMaxnk82hd10. %gggrzgélge_@g_lg 3nmk830. 06540. 08400. 4017mk8310. 05590
. 07440. 4375nk840. 09740. 12 W24 Rgné@a Error

AvgRVBMEX500. 79nrB73. 27aiR967. T 17643 ft)(2.2089ft)(9.73ﬁ¥9t)703.81nn8950
. 37mi419. 6nm( 2. 3091ft) (3] 1180f 14. SOQ ft)563. 64mi730. 06mMR2916. 2m( 1. 8492
ft)(2.3952ft)(9.5676ft)1006. 1m1016. Smmd402. St 3. 3009ft) (4. 3349ft) (14. 4440
ft) [R~~L.1BLL] 13489.doc: TCWGA G 18 CLAIMS: 1. A nethod of predicting
range and ti me- of i J . if; UG weapon
conprising the stEe IJs@g?%P g@fﬁ?ﬁgﬂﬁéh%}%@e&te??g]lhggéqft:ngte i%?%gélgg@f oxi mating the

t heoretical rangeAeaodlinglye Egfis §12)| anglh¢30pfard dhdoraticak equatipes apprpxinptingnthen a
vertical pl.ape of i.0% <:MBSSe ADV] ro.a.f -r.otati arth.as a
function oftﬁ?/\eo@rg%%rll?arr% eagé élgg c?ﬁtﬁﬁggg&gocaﬁ}’sﬁ% t% e§+02§ g{é?]i%p rnlgj)e vgft{rlgls eléme%o ﬁ‘&
weapon nasssontodhéryitigesaiddredhie de atpbimsimassmavingrserd flat mnAgtatingleartial i ty of

correction factors t rovi de enpiri,cal .equations approximating the range
and tint-of flig ?o'ge aiea“%wgﬁg%?_ thegretigal, ang 310088{)&9??% 4 cfofompiex
conpri si ng @rddyRahiddragimedet ahé e&shito btiRANS tivsd g%}ﬂdxiﬁlatb’iﬂﬁﬁﬁii@aﬂ sofltRat ad
fromthe group of weapon release altitude, cli angle and true air_ speed,

d
ai r densi t ylAmpvidapincientascuRcy [q bielied upennairagiiges disserdinglsaltiaps &]{ﬁ)iﬁ%ﬁl
val ues of (S)gbﬁa&%wi%a %ﬁliﬁﬂg%ﬁﬂﬁ§c§r%cti§ﬁ'f&t%@:ﬁ"aﬂ aH%@BQt@p&QﬁB%iﬁ@eﬂa'

par anmet er t1mzation process correlating solutions
solutions which more closely match known actual results.

20 At any point in time prior to release of the bomb 2 from the aircraft 1, the aircraft
true air speed (V7), altitude (z=h) and climb angle (y) are known from the flight control
computer (FCC) 8, determined from the various flight data acquisition systems 10 of the
aircraft. With the bomb being fixed to the aircraft prior to release, the true air speed,
altitude and climb angle of the bomb will clearly equal that of the aircraft.

25 The true air speed (V1) can be resolved into vertical and horizontal components

as follows:
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~.s said enpirical equations with known ballistic results of range and
time-of flight for said weapon over an array of conbinations of weapon

rel ease altitude, clinb angle and true a;} r speed; determ ning altitude,
clinb angle and true air speed of said al¥craft prior to rel ease of said
weapon; and zo cal cul ating predicted range and tinme-of flight of said
weapon by appl yi fg,saivd cadyr cr ahorizdntalisompghent true air spe@d)and al titude
and said optimal gorrection constant val ues to said enpiri equations. 2.
The nethod of cl di=m T WY ei n'§8€“82‘t°r?88%°8?’fca| ti me- of fliéﬂ‘b equation is:
zIlr)+ |~rl~+4~gzo zs tf= 2ng b where: tf= weapon tine-of flight, m=
weapon nass, 30 Zhewineapay (peheagevenl dififude ¢in Iﬁetﬁszfékﬂ%%pﬁf@ﬂnﬁﬁﬁwrthe
const ant, [Fi;~L,I BLL] 13489 doc: TCW &G 19 rl = unknown constant, |
mwZ'rrr b+iP VB2 g = acceleration due to earth's gravity, and VZr", t=
vertical conponent of weapon release true air speed s 3. The net hod of
either of clains 1 and 2 Wne;%i@n said theoretical range equationis: nr
r-nvxrnd ~1_e-ni f ) b Ridhé: r = weapon range, ~ 0 m= we&n mass, b =
unknown drag factor constant, tf= weapon tinme-of flight, ~xtntt horizontal
conponent qfpMeapon rel ease true air speed 4. The nethod of any one of
clains 1 to l}", wherein said nodifying step i s includes nodifying the
vertical conponert =ofir denaigpnat seellembe true air speed using correction

factors based on  wea release altitud cli angl e tr air, speed
and air density. Ig.nﬁﬁgwﬁgt Sd *BYOF] #ee‘rath%?ret&ﬁ%gir ‘gJ? 8ﬁg§i SWE@I')EFJP“Id 5@5}1
modi fyi ng shoapctioic factas a®dppliédgasedi ¢h Pamgheteds twihichl atengxsdtadest effectf et or s
based on we on.rf,\l ease Lrue Zo air speed and ai deps%y. .6, The nethod of
any one'%f ¢ ‘Foé?t%&a fesply & Gﬁ?é?aé"’}“l‘Ft%"éiaEFp‘?ﬁPﬂ?tF ihirelde gltituds, glimb anglei(Pydivg « he
tinme-of fligble 6&hsehades Wiikth Spld), ditear Spdedadir Béf¥Ry @hd tikicOdtLNigAUES! @B

using correction factors based on weapon rel ease altitude, the vertical
conponent dfngerfalopationh rel ease true air speed and air density.

A first group of correction factors are applied to the vertical velocity component

(Vamu) as follows:

B, Z h
V.=V_.|1+pB,cosy+ + + 34
15 z zlnu( Bl Y \/E l33 250 B4 1500 ( )
Where B, B2, B3 and P4 are the first through fourth correction constants.
The velocity correction factor has a division of the true air speed (¥7) by 250 m/s
in an attempt to reduce the order of magnitude of the velocity expression to single digits.

Similarly, the altitude correction constant has a division by 1500 m.

20 A second group of correction factors are applied to calculate the drag factor (b)
as follows:
b=50+B,p +Bop o+ p (—VT—)BE G3)
sP PP 50" M7 250

Where [3s, B¢, B7 and Pg are the fifth through eighth correction constants.
From Eqn (28) we have an unknown constant 1, which we relabel as the ninth
25 correction constant ([3).

To simplify expression of Eqn (30), we then let:

P =Byl (36)
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is 7. The nethod of any one of clains 1 to 6 wherein said nodifying step
i ncl udes nodi fying the horizontal conponent of weapon release true air
speed using correction factors based on weapon rel ease altitude, clinb
angle and true air speed and air density!38. The nethod of any one of
claims 1 to 7 wherein said ifying step 30 includes nodifying the weapon
range using correction factjors, hadseghon weapon rel ease aItii de, clinb
angl e and true air speef ™ gifl B sty and weapon ti me- of f('éht 9. A

nmet hod of aerially delivering an ungui ded weapon froman aircraft
conprising the stegs of : &R:U | BLL] 13489. doc: TCW GJG 20 providing
theoretical equatVhers Bapis thsdemiicorgctioneonsiaelr et i cal range and ti ne- of
flight of balli Stﬂ&éb?&ﬁ%&r% ﬂ%@frﬁt‘éﬁag'n a vertical plane of a point-nass
movi ng over a flat ' non-rotating earth as a function of weapon rel ease
altitude, clinb angle and frue ajr speed and weapon nmass; nodifying said
theoretical equations utilfisin plurality of correction factors to
provi de enpirical equatj s&éng xi mati ng the range and ti@ﬂgof flight of
sai d weapon, each said orlr 28810

factor conprising a function of a
correction constant and a par er selected fromthe group of weapon

rel ease sal titude FuplhRoABEdR BiRfbrd ke tRi a8BRLEHh pRéviddARSEhYirRAd YERRAN
time-of flight; | o calculating substantially optinmal values of said
corr ect i on aPprRimaking the timeseidlightefdhe bembgs Blloviput at i onal par anet er
optim zation process correlating solutions of said enpirical equations with
known ballistic resufts ofyrange and tine-of flight for said weapon over an

array of conbi natj onspof pyeapgn el egs RARAT , cli ngl e, and ue air
speed; ~ s selectéﬁ" gmggf e B“qgmgﬁ ﬂglﬁﬁi $ild?5pvggJ?H%gafg téég%t;
determ ning the ran ol/psaid target fromsaid aircraft; determning
altitude, clinb angle and true air speed of said aircraft; calculating
predi cted range and tinme-of flight of said weapon by applying said 20
aircraft clinb anghere i, 3., Bid, pp 8Rchnd Bl aklthd eldeendthréudhckitpértiBbrrection
correction constant values to said enpirical equations; and rel easing said
weapon wherfO8slA®Spr edi ct ed range of said weapon i s substantially equal to
said rapge of saiA ﬁl&h&eﬁro@ﬁof TogebRInNediddb 8! Rped WAL ehdtiRflall velocity
theoretical time-of flight equation 2s IS: 2 Ir~+ [ZrJz+4~gzo tJ 2ng b
where: tf= cpauoaent(Vemdof flight, 30 m = weapon mass, zo = weapon rel ease
altitude, b = unknown drag factor constant, [R\LIHLLJ13489. doc: TCW G1G

Bls VT h
+ + 40
\/—‘; B19 250 B201500 ( )

V,=V

xmit ]+Bl7 Siny +
Where {17, Pis, Pio and Py are the seventh through twentieth correction
constants.

15 To simplify Eqn (12), and to add a further correction constant, we let:

b

)
p;=l-e mf"'le 41)

Where [, is a twenty-first correction factor.
Substituting this into Eqn (12), and adding further correction factors, we arrive at

an empirical equation approximately the range or forward-throw of the bomb as follows:

h
+
500

mV, Vih
"={ b p3+B22thf+B23tf2+B24Vx P"'stlSTOO"'stl

BN(TS%(SJ +Bag/p + By (Vp) + Bsont12 +BuVrleosy * +BuV,} (42
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21 r~ = unknown constant, | _nVvzr", rb+nRg bz g = acceleration due to earth's
gravity, and Vzrnrr= vertical conponent of weapon release true air speed s
11. The method of either of clainms 9 and 10 wherein said theoretical range
equation is: n - r r=nWrnm ~1_e ar ") bl4rhere: r = weapon range, 1 o m=
weapon mass, b = unknown drag factor constant, tf= weapon tine-of flight,

~xrnrf- hori zont aNh&@'EE‘Q'&%ﬁBz@stY\@ﬂsP@ﬁ B# @z@S@sol 3\1,%?'333 8RR twlehity-3di8nd
nmet hod of a]gqy one  of clqa/\ 11 wherein sai fying step 1 s

i ncl udes nédorgh Hyrty -ty chéaqlc%rﬁ%ent of vveapon reI ease true air speed

using correcti 0”AIFSFﬁe%b@@é@@aﬁﬂné"@x@&ﬂﬁreﬁ&ﬁ%‘%? uﬁit§ 'Ho'euéeer @k»mn‘%e%e §ond
true air speed and air densit t hod of of clains and

11 wher ei n cenyadt %d@ﬁgﬁlrﬁ@lltsqfe%lm%m@cﬁrsﬂmtﬁ?ff@t @ausb bbrthg pilatt or usi ng

correction factor tr a e

densi £y 14. " The e Rag5pet, RiRRAEn cBhafae "5 %Y fosirle aRlebiteyi ng
st ep i ncl ugesvidothiefbesmit d:fhesuﬂts melisihg fHei abht/e quhs:iulf&tthﬂabuthhn@msdltst Ibleofdedl cal
time-of fli a correctio actors .based on weapon re

1Tt ude, GG SRR EAeRTes o GrRiFR WFaroRe. THESG BT R Sow ey Enby SededBing
air densit >s01v41$g the follOWWingRafi@kt&@foptifiz42108 padbl&h AkilBing ahP sthAdaM) @pBnfza%idh d
nmodi fying step includes nodifying the horizontal conponent of weapon

rel ease trd‘éCh&H“espeed usi ng correction factors based on weapon rel ease
altitude, clinb angle and true air speed and air density. 16. The method of

any one of clains 9t {gmmagr-%pfal d qpdi f Vi ng,b;sl’ep 30 i ncludes nodifying

t he weapon range {isim m‘-r-gg Aot on |[weapon (48)ease al titude,
clinb angle and true al h spe€d, avr denls tyagsrrq pon time-of flight.

[ R 1LI BLL] 13489.doc: TCW: GG 22 17. A systemfor predicting range and
time-of flighte.of an aerially delivered unguided weapon conprising: data
storage neans storing a | ook-up table of ballistic results of range and
timeof flight for=pérdormaapnimdey terbeaminamised with thoeitimiastiargroedssweapon

ot 3 11 on moand 8 QB BCRo e oBtel SRERE bh Bl HRbRGarkE 2

of said ai rofrraide qocuracy vﬂsusaimae’éﬂightsmuthcwapon and a first processor

nodul e operating on codified e tions a | t he. range
and U nhof 11 1 gtitmes s 4rs wion-IER! g By Ren B o kel Bingghe
derived by dwadé Eyhdvndithe aibalatedalah@guat i ons appr oxi ITB.tI ng the theor etl cal
range and tine-of flight of ballistic traj ectorY tion jn a vertical plane
of a point-nass rewvime Geer A089 oforbstvsen eqpinicgl Bhyalpesilising the abayg Egns
weapon rel eagaialidtkd Yalges, cl i nb angl e and true al r speed and weapon nass,

sai d enpirical equations being derived fromsaid theoretical equations
utilising a plurat rtnynrbﬁr@ﬁat@pmn@r@omelteérs each corrprl sing a function of a
correctjon const f

rel easei alti tudeafl%el Ll%gr}gt %%EIS% ng‘l%raﬁgn é{:ogﬁ@ air ré(r?llg? e tgﬁg%??l ht

ti me-of fliapdtrange sﬂcxsntbrmabmdslssoﬁo sechnks anqbdﬁa@ magesme@egmebnﬂs ehe set of

optim zation_ code to calcul ubstant ial | t1,mal ues

correcti on PR S9FEYG} C%I};f?a&&/\ghg%?”oy 8?%8@21{1?1n‘§°H68€ 36“8 P%Imb
enpirical egpgéticons with sal d | ook-up table ballistic results zo and an
aircraft nmounted {hird processor nodul e operating on SaIE errp rical
equations to cal ?é‘icé‘r% t q@g}g?g guationyisyppeh Bers eritipat thap tae peeuaex odn by

appl yi ng saggd tﬁhé-%mﬁghtccidwﬂpamgltﬁe skéong wefghﬁlg@efdctamwgyl Elhdlﬂ@&yﬁ@ﬂlfﬁ ebed
optimal correction constant values tQ said enpirical equations. zs

system of cteliciaditp btiaveh greatar than ithesfirsh wgightage dagieroud siesargightage cf@ﬁ’i?ﬁsl se
a single processol, g@@vxg%}l%l 1 Brial WG e%yo%tlﬁlabgifed%aa Rrthbr %&M "y mlﬂug‘e' mﬁ,t

and second processo s conprise a single processor nbdul e.
met hod of amygome he-of-diight efrprstio caloulating thewp§maticartestior cdnstants: | rre30 of

flight equation 'ﬁ’lthzthcle Eexlnplrlca écfugﬁglgs289) and (42) approximating the time-of-flight and

30  range of an unguided weapon 2 having been derived manually, these empirical equations

are next implemented to predict time-of-flight and range by first codifying the empirical
equations into a first process module 11 as depicted in the flow diagram of Figure 5. The

person skilled in the art will be well versed in standard methods to code such an equation
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tf. 2ng b [R\LIBLL]13489. doc: TCW QG 23 where: tf= weapon tinme-of flight,
m = weapon mass, zo = weapon rel ease aItitude, s b = unknown drag factor
constant, r] = unknown constant b+meg bz g = acceleration due to
earth's gravity, and VZ""~= vertl cal coni)rbnent of weapon rel ease true air
speed | o 21. The system of any one of clains 17 to 20 wherein said

t heor et i calintoahg firse graaesson moglulent 1. rA took-wp/abler of-bhilistit @esults bf YARGE @nd tinte-
weapon rangei: SS,. b = unkn rag factor constant, tf=

wn
weapon ti me! étlghtmamorwﬁfx&ﬁ%p%&f ihigFRshs SSRDENR ARIAGHOTIREABERNS 10} chBEnL thae
air speed 22rsoR NRIIRUSH R Rt vAYbeOREI Pbrséd B Bndhdd BRa JtbrifedRidds SA Second
enpirical Zo equations include a nodification of the vertical conponent of
weapon r el @seeesioru@odile bEheawdratesi g « standandi paramgist ompsinization  esdewstilicing

rel ease .alt u i pggg I 1Y og.2 ,The
system of elkaﬁwig@ o&ﬁl[%flﬁgqéﬁhand i‘ g 2r fglasﬁ SBia pe%)%lrs{oga gqu’atN o s
i ncl ude a methéd omd |Tcamloofse1$a| reddatiting n‘lahd)cbrAgamrtge persore skilled if detat silbdsed

on zs weapq eI gase true ai r eed. and_ ai ensi t 24. The system of. any
one of cl aIVFFEl omfgc HPEE 5851181% @’Qﬂ Eh%¥?r3’ﬁ1§tef ﬂBtI"Bbzé 190 code is
modi fi cati Qme@to t;zhaalhtlerﬁabstﬁntfalllygiptmmakzemb@bedxevuohlacﬁ@i cbrishan BttbqRl ubinge- of

flight equgﬁlon using correctjon gctors based on weapon rel ease altitude,
the verti cdhe BYAHSFEAPBIZatiREgRESdn rel ease true air speed and air
density;, 30 25. TR H¥SdABe@inddRYccalty rﬂédutésqlma dah bOa %ﬁgtehﬁ&.estbr%@acﬁue
enpirical equations include a nodification of the horizontal onent of
weapon r el eide thesei@periatioryivelr being gatrindr @tin gnposesser sudasein érP

rel ease alt

[R ~L.1BL L]éfé%ggp?%&w&ﬁa@ggpt%ﬁ%? ek obth %ecg"g‘?g(’é‘ﬁdf;‘%tggﬁoﬁ"%f‘d‘“ﬁé“t% to
24 wherein thaanlcmfrpl\kfheratheemmeetﬁ b s loaded wdh aagwmdmﬁgumtllmpoﬁ 2t the opriapdn
range using correction tor,s based o ase altitude

hngle and orget cofBut Tt it SRERPy it SRR R o R fpuniéa iR
system fsor paegdssdrl ¥natkild, vwmcﬂg would ngrpichtig \weagan of r ¢id aWDNS Céahputéro @

sel ected tar et coi’rp flSI n processor neans_ for  cal cul ating predi ct ed range
and ti me- of AfrpRRielofthe %tevé)ﬁrsﬁtwrs%ﬁlﬁtaatsofeéw&usrteg@e@ esepeRsng Reodetli ed

enpi ri cal _ealaatal BRen aRRELAX tﬂﬁt m?nrafeqe%%dpfewa&e@tmtlme hyoags %ahﬁtut@ea@on
said enpirical equations being derived ~ 0 nodif f/ g@t heoreti cal
equat i ons dpisding efat ipAticule wasponr il dhgn aewg@ ramfva f prejoaged cerrection

bal listic tJoﬂbtaﬁtgtfaE %hét%& ' NTHe sc%l)mBh oaop%&it&t ofﬁﬁ? e[FEﬁ)\ﬂ &d
over a flat nonrotating as a function vvea on'release alt e,
clinb anmgl esqaambrtsrtuecabuutate;pmdctt@lnmng\eambnmwet!ﬁthgmfdhemapd)mhy aagbratg es

bei ng derived f ai d t eoretical uat. ur

cor r 2ot on TEEEMB IS AR L pZ SR AT bbb T o Bt et B, o
and a par aneyeisitoal sysiemd 11'0r and thleebpgmau pomécuwapmnam ahkas orathé mtedplen tocthie b
angle and true air speed, air density and weapon tine-of flight, said
processor rdapEcsl r?&P‘l%Eﬂnﬁg substantially optinmal values of said correction

constants for saiWitheRPesrédeibh ¢eshtaitd Rfyimy SledaRy calchlated] thedaRORYiBH of range
optim zation process_correlating, solutions of said enpirical equatigns with

known bal | jandi Emeeafdflight a5 almpgeinsiagtaneouslyorcaleplatpdt direstlys fjom iBapspigealr an
zo array of gpﬁ.,n I altitude, clinb angle and true
air speed; %ql?] t g%drl])%l? &%‘Sgﬁ% kt@t}ﬁg’?ﬁt said aircraft with said
target; first dat@n%l}clpdotthaerseh@etaﬁgtmaﬁ lemrd thie pigcnaficl withdle afget fiand

target fr oMy eddth‘féII ercgruﬁ{ed weapon 2, the WDNS computer 6 will continually update the

predicted range and time-of-flight of the weapon and compare the same with the
30 continually updated range of the target provided by the laser target designator and range
finder (LTDR). When the predicted range of the weapon equates with that of the selected
target, a signal will be provided to the pilot to indicate that the weapon 2 should be
released so as to maximize the chance of hitting the target. The WDNS computer 6 could
be configured such that the predicted time prior to release is continually calculated based

35 on the difference between the target range and the predicted weapon range, and the
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second data acquisition neans for determning altitude, clinb angle and
true air as speed of said aircraft for use by said processor neans in

cal cul ating said predicted weapon range and tinme-of flight; and nmeans for
rel easi ng said weapon when said predicteg, range of said weapon is
substantially equal to said range of said target. 27 The system of claim 26
wherein said theoretical tine-of flight equation 30 1S: 2 Irl + 1 Zr~ 2 +
4mg zo b 2rmgrigofta commnent of 3uBgiratelt ricwir Gpeed (V25sovdsdhat the pitotwedpiively gets- of

factor condi Supt ool fhof e HBAR AL RAGLBL TR diptyse WHEARK e a) 70

due to ear ttimes coﬁthmmlpt kndndtﬂerralternaﬂwe |comﬂigma1|rmpmlmwmlﬂsvm&qmmr69bvﬂabe
true air spee of .either o &ll ns 26 and 27 ere

Lo Theor Boiflared 48 cuamilE S el o WaeHarth: &' e Sprheprialy tie ihep dhe, -

weapon fanggedicted weaporRApe andsget ringe dd)ﬂk‘JithWic@ REIwe@SonOY h&s0heeh &fhed bl =
weapon ti rre of flight, VX""r= horizontal conponent of weapon release true

air speed 2 > Pifgfe system of any one of clains 26 to 28 wherein said
enpirical zo equaihpdsthé talcifigiod dTo@kid Ip%%a'l QARRE dMtfe B Eﬂ’e cGEReOeRf of
weapon rel ease true air speed using correction factors bas on weapon

rel ease al ttypically, belchirisdaowylin sgparater precessors spethd gravndaiit memsagyd tB@. th¥he
syst em of n r S A tep
i ncl ude a mgdlnﬁi & eg{ﬁ&{o;%gélz s &l&ﬁ ? Bﬁ%lélﬁég%glg@eckf?ﬁﬂﬁ ors aged
on zs waapa:ompatee,apr&)rttmthemnnna]penaehtaxﬁdnﬁreie\danbomlymg3ﬂ1ss1dffse system of any
one of clains 26 to 31 wherein said enpirical equations include a

nodi fication of the tine-of flight cal Iatled with said theoretical tine-of
flight equation using correction fact Mf€ed on weapon rel ease altitude,
t he verti cal Comﬁ%ﬁplﬁéaltdq&atmﬂwl) arel @2y detlivadeabaive v&p@&pbl&ﬁdo& MK 82

i 1§ bal R 5RaE # TSk S0 MONRS et Ohabt a1 Ko Eable ApFaY OehEBkaRY o

veapon rel qg9g Jafa“@f ﬁh6w§ I%@ﬂﬂtxé’%r{ég aﬁﬁrt'irﬁ@of PhgHt 86F Gh Sirfad ST RbiMRRIAS bf
rel ease altitude, clinb G% e and true air speed and air density

[R ~L, | BL L]aimecg dive amebyae) Gue airespeerl (athexpagssedein Britishynit @s @ﬂpphedmmhza to
33 wher e| n I

oo usi ng i SRR mdHRhiSENS SORELHAR o Tiligsh Bbih bf Bt ABR"
angl e and tutﬂus1ng|welglpemlfac1arsrofde1rf58@(§ﬂ mddwweaplﬁﬁ)Ot prowided thd fofflawing table of
[R-U, I BLL] 13Lrlrsgtl &% stC\r{ysi]n oy then colu rder):

CAY[E. A A, RIECtioq copsiants (infoy then golumn erden): o o A A A A AR A2. A Al]t D

20 Praz= 100*[0.00291082347602 0.00066850452991 -0.00138340193913
-0.00638158812863 1.67519490029754 0.14592396993844
-1.97903705273431 -0.00090418306503 0.00256277380455
0.00436642397023 -0.03447759688978 0.14735863202910
0.00719707351935 0.00231809175132 -0.00303710633834

25 0.00349536751854 0.00135259750495 0.00062295741717
-0.00202951535514 0.00107244877289 0.00028695252947
0.00202603830698 0.00144499816415 -0.02368766941289
0.00208232078074 -1.08872607704417 -2.41869503298574
0.27630999987104 0.00002857107493 -0.00007086918037

30 -0.00521386015853 0.03964192332155 0.02113397094226]

Utilising these correction factors provided an average error for the bomb range of
390.48 mm (1.2811 ft), a root mean square (RMS) error of 531.82 mm (1.7448 ft) and a
maximum error of 1893.5 mm (6.2124 ft). The average error for the time-of-flight was

0.0362 secs, with an RMS error of 0.0465 secs and a maximum error of 0.1571 secs.
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KF_ W u*LW xsni d_ZU] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]ca]cal]ca]ca]cal

ca] ca] ca] ca] c<a] ca] ca] ca] cal] ca] ca] caU] cal] ca] c<a! W@ bA a6

31\ 0@} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] cH] ca] ca] ca] ca] ca] ca] ca] cal ca] ca] ca]

ca] cal calca]calcalca]ca]calca]calca]calca!]7 I X" #$3

)" MO ot WElbden 4hdtGRd €@pirical calculations rov1de an extremely accurate

V] c"a\/] ca] ca]¢c”a] caV] ca]ca]ca]c f] cal]lc a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]

ca] ca]calc é;f@éth] (éfat]a@&q an ]qu,e;o, 1ﬂlg t over the full spectrum of typical combinations of
9-:-@C EK: IS, £ LUR a)J ca] ca] caV] ca] caV] ca]ca]c

aJ caV] ca U\?ﬁ:tgh dWe reandt{téa{lj EéH 3]Ma]l%:tgliil/]]rglg]:ga{/] c!a V}c’\a/]\/] c!a vicaleal

V] c”aV] ca] ca] caV]Td:la/nXﬂbQIhslM Se4n BpliklyHThe dEurRIFB b8 Bstid] dath gif] W V
ca] cal ca cajca] ca] calca]ca] ca]ca]ca]ca]calcalc

L) caf o] eaTRa e FAE PR SBLRBNLET] 22 20l GERAOA, AGIAAAAA

B"Bztoj d_Y{vqgl gb] WV] V] ca] caV] ca] ca] caV]ca] caV] ca

V] cMaV] ca] ca] ca] ca] caheaf-aighdlperagwa) ca] ca] ca] cringaleaV] cal caV] c

a] ca] caV] ca] ca" B$B¥B&B7BgB} BBBBBBBBBBBBBBCCCCCC&D D* D2D5Dxr rrhb[ UPoj d_Y] caV]

ca V] ctaV] ca] ca] caV}£%.Vj.crEWcal.cal®al.cauv] AU ca) Y .ca. Max T

W] ca] ca] caligalieaVlgamaV] cahsVl cad @@yl ca V] cS@vbs@  67327mm  2967.1mm

V] ¢ a5DDDDDDDDEESE) E. E2E9E<E@KEPEEEEEEEEFFFF F#F~xsngaZToj d_Y] caV] ca

V] c”aV] ca UV] ca] ca] caV] ca] caV] ca] caV] caV] ca] cH]6¢¥N) ca @R8] ca\B- ¢4t

V] c”aV] cal ¢ cajc ] ca ca] aV] ca#F dF FFF

GGG GLG= GHHHHF ‘gsnhlg% oj d W‘ﬁa V] c"a @ﬂ: a\/]g{;g ca al caV] ca

V] cMal ca UWV] caU caV]ca WV] caV] ca UV] caV] ca] caizéa)ida] cai3 llM]Oft)i\/] cﬂaﬂ 5001ft)

I/I> | R FrrrrrrpdttJd
%f?ﬂ]%ﬁ%?@} gagﬂ)c%%z:a] ca]hga\/] VX‘P”%} caV] ca#éc;aﬁfca] caWca cal 67‘3 2K caV]ca

UV] cal] ca] ca] ca] ca] caV] ca] ca] ca] caV] ca] caV] catisadaen] ca2.39521t) (9.5676ft)

JJJJJJIJIII/ KEKK5LLMVINF N3N< Ox OOO0O0OPP} nhc\\f d ZUca
V] ca] ca] cdé4] cav] t¥¢a] czQ]IE%?] caVft4f cav ca] &‘Qf&'a ca] @éﬁ%ca]“é%ﬂ“&‘a] calca
]ca V]c”haV]ca] caV] ca (3.3000f)  (4.3349ft)  (14.4440f%)

V] c*aV] caP' P3PRPPPPPPPQVRRRRRRRRSSSTTTTZUx UUUUUU} xsnhc”™Yca] V] ] ca] ca] caV] ca]
ca] ca] ca] caV] ca] ca] ca] caV] ca] ca] caV] ca] ca] ca] caV] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] caV] ca] ca

UUUU" VEVGVOVYVVWVVVVVW WANNNNANINAKX Xv XXXX{ vpkf a\ Wihc”Yca] V] ca] ca] ca] ca] ca] ¢
Na]l caV] ca WV]caV] ca] ca] ca] ca] ca] caV]ca]caV]ca
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a] ca] ca] ca] Cﬁ#’:ai)ca‘}nc%}ca] cal ca]ca]ca] ca]jcaV]ca! Y[fil quw~& 58em
0} xqgi cAYT| WPHHCAPELT 83} caV] cauV] cra UV] ca] ca] ca] ca] caV] ca] caV] ca
V] c*aV] ca] ca] ca] eaddifinadaidjeankics] @@htiéns utilising a plurality of correction factors to
V] cMaV] ca] ca] ¢ha] ca] caPDEgkr 47>B} xr rthc][_Vnhc’\] ) ) )
V] craV] cal d’&‘]"@gﬁ E@WE,C&? gaiaEians agregximating the range and time-of-flight of said weapon,
YJ( 3’2\ ﬁhflc? \6/‘11 l%g%lf %‘(arfi% g@%r&%bﬁ RGE CRlRRIHEA fBbES 68 &Rlecads 8l 2 &ﬁll‘éfh]efe@
V]v} ca] \C/J a] cafleelkd diamthe proap o | wedpenrelajss Aldtile. odlieel) ergle avgl dalecain/presiicairca]l c
aVlca V] c” ] caV]C 9 , 24TWb#* zt nga\ WRl gb] X] ca] ca] caV] ca
V] cMaV] caw%gg?@]a?@a%gﬂlg%ﬁ%tﬂaw cal] ca] ca] caV] cal] ca] ca] ca] ca] c*aV] ca
V] cMaV] ca] caV] ca]cerplatihg subBhntiatlyt oygahANRyajidds Xp e sdid adocrmMi@n constants for said
V] c”aV] cal].cal ca]l caV] cal caV] ca o . .
V] onaV] ca] CURaR LS op BN LA el jesametsr onrimizatiap Riogsss, corelaiog sa]utips of
D ~_ @®10Q%& shj)d enpititd dqhations hoitikkhagwry bAIASHEE fehultslOCBnge and i QFdighit-for Safid
WUST #y F% $100@& () - | #yFo6 $100@& () - | a$10%&! 1(9) -1 $109& ()| BI0%& () - | [ @L0%& (
)-+ < = > Weagpp ppr.angarepy of gombinations of weapon release altitude, climb angle and true air
10S#| =109 dhhed. ?10%&' () - ! 6yF% $10%& () -! yF% $10%& () - ! #yF% $10%& ()- @B
KFAEPE: ! # 10&10% & () - _10%&'§)-|, 10% & ()-yl0% & ()-& .
"10% & ()- L 10% &eteymming@htitudey climb angle and true air speed of said aircraft prior to
release of said weapon; and
20 calculating predicted range and time-of-flight of said weapon by applying said
aircraft climb angle, true air speed and altitude and said optimal correction constant

values to said empirical equations.

2. The method of claim 1 wherein said theoretical time-of-flight equation
is:
3 2
M +‘f12n’+—’;’g-z(,
25 L= omg
b
where:

ty= weapon time-of-flight,
m = weapon mass,
30 zo = weapon release altitude,

b = unknown drag factor constant,
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¥ = weapon range,

10 m = weapon mass,

b = unknown drag factor constant,

ty= weapon time-of-flight,

V= horizontal component of weapon release true air speed

4. The method of any one of claims 1 to 3 wherein said modifying step

15 includes modifying the vertical component of weapon release true air speed using
correction factors based on weapon release altitude, climb angle and true air speed and air
density.

5. The method of either of claims 2 and 3 wherein said modifying step
includes modifying said drag factor using correction factors based on weapon release true

20  air speed and air density.

6. The method of any one of claims 1 to 5 wherein said modifying step
includes modifying the time-of-flight calculated with said theoretical time-of-flight
equation using correction factors based on weapon release altitude, the vertical
component of the weapon release true air speed and air density.

25 7. The method of any one of claims 1 to 6 wherein said modifying step
includes modifying the horizontal component of weapon release true air speed using
correction factors based on weapon release altitude, climb angle and true air speed and air
density.

8. The method of any one of claims 1 to 7 wherein said modifying step

30 includes modifying the weapon range using correction factors based on weapon release
altitude, climb angle and true air speed, air density and weapon time-of-flight,

9. A method of aerially delivering an unguided weapon from an aircraft

comprising the steps of:
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'10% & ()-10% & ()- +/,Mo,,,a?nbCl#1 1  109%X& ()-sly 10% ()-s 10% & ()-
10% & ()- 10% & () - 10% & & ()-. . -9-V-"--A=nbCl #!

f-$109%&' ()-)! pD) 109%AN& () - ! ND) 10% v V& ( (10(V& ()-$10% & ()-$10% & () ---.
11T af [<I#LU10% & ()~ 10° 10° 10° >z1038 & ()-![ - $10%pp&: ()-! ~ $10% 1 & () -
K-$10% & ()-/S///XO00dEf [ <! # 10% & ()-L#10% & ()- "10% & ()- 910% & () -
10% & ()- 10% &'providing lﬂéba&ﬁﬁlfé watiéns approx1mat1ng the theoretical range and time-of-
10% & ()-,10% & () - IlocV& 10%.8' ()-110% & ().-

10% & () - ﬂlabmfé@l!g@ame@ qezy %OIWI&a(‘)emC#hel%iao § point-epss maving awvadlat) -
310% & % &
() - (floc(}&“(l“’? @%8(1 ew?ﬁ?iﬁglégﬁ%%‘é?%@&%ﬁ( i %Q?sﬁ@oé?}g]é %’@O@% %%W%B()ﬁ
$10%6 & () - mdmw(n)assgll 10% & () - y78888| 8899: —I #1 KLS10%8S&' () - | VLS10985&

lO‘V & 9s1
1 S1o0s 8 <<%<{::8@&?%$E‘°%gq)"%ﬁ qanations 1Bk ne 3 PLEliRy ok LT eoR fages o () -

&S10% &' () ﬁr&ﬁﬂ%ﬂap(r)eatem@&} apprpkimatihgGhe range and time-of-flight of said weapon,

10% & f'fOl%& 1f°0-10%a& ( 1f"0- 0%& 9 9
)= L s SR FREGS 1ar1eh P RIRGV B O S b oR stan ‘é‘@fﬁéwﬁe{ o'
[lgl 1300/&7(133%%c(e)110v -. ” %gﬁa o@{igg}eisb%t&dé)clnﬁﬁlﬁlél@%ld&q&) air speed, air
B" B7BaB-~\ Id&n@ty/%b)ﬁvaeyllml‘#ﬁl&hf() y)910% & ()-' 10% & () - FYd0% & ()-! "

"10% () 7Bg B} 8
10° 2y 10% & () ;| VRORT) -y Eanisyy ortinal valuss,of said, coregio soppags é%%%aé%q (o
VK@#!'jY #1\@@,&90(1 )usn@ a computatlonal parameter optimization process correlating solutions of

said empirical equations with known ballistic results of range and time-of-flight for said
weapon over an array of combinations of weapon release altitude, climb angle and true air
speed;
15 selecting a target;
aligning said aircraft with said target;
determining the range of said target from said aircraft;
determining altitude, climb angle and true air speed of said aircraft;
calculating predicted range and time-of-flight of said weapon by applying said
20  aircraft climb angle, true air speed and altitude and said optimal correction constant
values to said empirical equations; and
releasing said weapon when said predicted range of said weapon is substantially
equal to said range of said target.

10. The method of claim 9 wherein said theoretical time-of-flight equation

2
n +1/lznz+i%1—g-z0

- 2mg
b

25 is:

t

where:

ty= weapon time-of-flight,
30 m = weapon mass,

z¢ = weapon release altitude,

b = unknown drag factor constant,
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b = unknown drag factor constant,

t,= weapon time-of-flight,

V.= horizontal component of weapon release true air speed

12. The method of any one of claims 9 to 11 wherein said modifying step

15 includes modifying the vertical component of weapon release true air speed using
correction factors based on weapon release altitude, climb angle and true air speed and air
density.

13. The method of either of claims 10 and 11 wherein said modifying step
includes modifying said drag factor using correction factors based on weapon release true

20  air speed and air density.

14. The method of any one of claims 9 to 13 wherein said modifying step
includes modifying the time-of-flight calculated with said theoretical time-of-flight
equation using correction factors based on weapon release altitude, the vertical
component of the weapon release true air speed and air density.

25 15. The method of any one of claims 9 to 14 wherein said modifying step
includes modifying the horizontal component of weapon release true air speed using
correction factors based on weapon release altitude, climb angle and true air speed and air
density.

16. The method of any one of claims 9 to 15 wherein said modifying step

30 includes modifying the weapon range using correction factors based on weapon release

altitude, climb angle and true air speed, air density and weapon time-of-flight.
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10% & ()-$10% & (a) - firsl OYra¥edspr _module ! apedfithy ' on codified empirical equations

111110% & ()-.110% & ()-2/10% & ()-59-10% & ()-+ 10% & ()-& ! 10% & ()-abbrb
CCCCCdY(;\lC! (a?ppmfgnagittg {lzfora_agg_ & &gl%xﬁ-pg-ﬂig%ﬁgo% s%a%d_ weapor?, sag empirical Oequegtgons

6! 10% & () i Medived b HPAiKido) theseeddte @Xﬁ@iyﬁréﬁﬂrﬁ% tHe) theoretical range and
110% & () -#10% & ()-!#109%& ()-9!10% & ()-&10% & ()-f9hh, iiij a?YNC
|11 #$109% t &img-of-Heght gdsballisyic ‘trajectory motion in a vertical plane of a point-mass moving

0% & % ) ek %@%@Q@ %‘S%/S% gr}ﬁcf{ﬁo@qg%\g@dpbﬁ thIBA AN, climb angle and
K& ()-) !t &$uBYair &peyd laa$ 10eapps’ ipssnsaidnemmpitisph Syuations A%ng @yrived from said

MLO% & ()-5.209% & () -910% &. () - - ad0° 2v10% & () - dEbC .
109 & () - 2oensE oo o praikd ot Horeid el AP GG Shimntiop—, o
bCl " - 10% &f(9 <oikOMok' ¢onstait adcadpdrimetet bEIRGLE] (Hony fthé LOSwp&of Jwveapdrf release
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wwwwxb@ !9 " 1Q024edEnd) probdsSdf gaodhtet SIHMinE Oh-a Haranddler optimization code to
calculate substantially optimal values of said correction constants for said weapon by
correlating solutions of said empirical equations with said look-up table ballistic results;
20 and
an aircraft mounted third processor module operating on said empirical equations
to calculate predicted range and time-of-flight of said weapon by applying said aircraft
climb angle, true air speed and altitude and said optimal correction constant values to said
empirical equations.
25 18. The system of claim 17 wherein said first and third processor modules
comprise a single processor module.
19. The system of claim 17 wherein said first and second processor modules

comprise a single processor module.

20. The method of any one of claims 17 to 19 wherein said theoretical time-

2
n +1112n2+i’Z—gzo

by 2mg
b

30  of-flight equation is:
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zo = weapon release altitude,

5 b = unknown drag factor constant,
1 = unknown constant,
l_w

zinn
b2
g = acceleration due to earth’s gravity, and
V.mi= vertical component of weapon release true air speed
10 21. The system of any one of claims 17 to 20 wherein said theoretical range

equation is:

mV "i’ r
= xini 1_ e
5 ( )

where:
¥ = weapon range,
15 m = weapon mass,

b = unknown drag factor constant,

ty= weapon time-of-flight,

V.m~ horizontal component of weapon release true air speed

22. The system of any one of claims 17 to 21 wherein said empirical

20  equations include a modification of the vertical component of weapon release true air
speed using correction factors based on weapon release altitude, climb angle and true air
speed and air density.

23, The system of either of claims 20 and 21 wherein said empirical
equations include a modification of said drag factor using correction factors based on

25 weapon release true air speed and air density.

24, The system of any one of claims 17 to 23 wherein said empirical
equations include a modification of the time-of-flight calculated with said theoretical
time-of-flight equation using correction factors based on weapon release altitude, the
vertical component of the weapon release true air speed and air density.

30 25. The system of any one of claims 17 to 24 wherein said empirical
equations include a modification of the horizontal component of weapon release true air
speed using correction factors based on weapon release altitude, climb angle and true air

speed and air density.
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10 modifying theoretical equations approximating the theoretical range and time-of-flight of

ballistic trajectory motion in a vertical plane of a point-mass moving over a flat non-
rotating earth as a function of weapon release altitude, climb angle and true air speed and
weapon mass, said empirical equations being derived from said theoretical equations
utilising a plurality of correction factors each comprising a function of a correction
15 constant and a parameter selected from the group of weapon release altitude, climb angle
and true air speed, air density and weapon time-of-flight, said processor means including
substantially optimal values of said correction constants for said weapon derived using a
computational parameter optimization process correlating solutions of said empirical
equations with known ballistic results of range and time-of-flight for said weapon over an
20  array of combinations of weapon release altitude, climb angle and true air speed;
flight control means for aligning said aircraft with said target;
) first data acquisition means for determining the range of said target from said
aircraft;
second data acquisition means for determining altitude, climb angle and true air
25 speed of said aircraft for use by said processor means in calculating said predicted
weapon range and time-of-flight; and
means for releasing said weapon when said predicted range of said weapon is

substantially equal to said range of said target.

27 The system of claim 26 wherein said theoretical time-of-flight equation
30 is:
A 2
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where:

¥ = weapon range,
15 m = weapon mass,

b = unknown drag factor constant,

tr= weapon time-of-flight,

V= horizontal component of weapon release true air speed

29. The system of any one of claims 26 to 28 wherein said empirical

20 equations include a modification of the vertical component of weapon release true air
speed using correction factors based on weapon release altitude, climb angle and true air
speed and air density.

30. The system of either of claims 27 and 28 wherein said empirical
equations step include a modification of said drag factor using correction factors based on

25 weapon release true air speed and air density.

31. The system of any one of claims 26 to 31 wherein said empirical
equations include a modification of the time-of-flight calculated with said theoretical
time-of-flight equation using correction factors based on weapon release altitude, the
vertical component of the weapon release true air speed and air density.

30 32. The system of any one of claims 26 to 32 wherein said empirical
equations includes a modification of the horizontal component of weapon release true air
speed using correction factors based on weapon release altitude, climb angle and true air

speed and air density.
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