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PREDI CTI NG BALLI STIC TI ME- OF- FLI GHT AND RANGE OF AN UNGUI DED WEAPON Field
of the Invention The present invention relates to unguided ballistic
weapons, and in particular s relates tota nethod and system for predicting
the ballistic time-of-flight and range of an aerially delivered unguided
weapon. Background of the Invention When a pilot is preparing to rel ease an
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disclosed.in US Patent No. 2 March 2007 ) ]
mterpolation techniques to predict the range and time-of-flight of the bomb based on the

20  true speed, dive angle and altitude of the aircraft (and hence the unreleased bomb) at any
point in time. Once the range of the bomb equals the range of the selected target, the pilot
is provided with an indication that the bomb is ready for release. Alternatively, the
WDNS may be configured to automatically release the bomb at the appropriate time once
the target and weapon have been selected. This approach in calculating the range and.

25 time-of-flight is both rapid and direct, however it requires a tremendous amount of
memory storage to store the ballistic tables for the bomb, rendering the method unsuitable
where minimum memory storage and aircraft weight are desired.

An alternate approach uses numerical integration methods to numerically
integrate a set of equations of motion that describe the kinematic behaviour of the bomb

30 to iteratively plot the trajectory of the bomb, and accordingly detérmine the range and
time-of-flight. Whilst this method is dynamically atfractive, it is potentially slow and
difficult to implement. This method also requires a compromise between accuracy and

speed. An example of such a numerical integration method is disclosed in US Patent No.




3748440. This patent discloses a real-tine system for cal cauhgdrbingodgne
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,and true air speed, air density and weapon tine-of-flight; calculating
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weapon rel ease altitude, clinb angle and true air speed; determn ning
altitude, ®1inb angle and true air speed of said aircraft prior to
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20 provide empirical equations approximating 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 corrélating 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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weapon, said enpirical equations 35 being derived by nodifying theoretical
equati ons appro%?lﬁﬁmgrﬁdalghé t heoretical range and 2 March 2007 4 -

time-of-flight ggmégég%gﬂé‘ﬁhgﬁ%}‘fﬁggm“ on in a vertical plane of a
er a

poi nt - mass novi ng bi ng earth as a function of weapon

rel ease alti tuddetenhwﬂgth@ginge aﬁ§h1d h&g&ﬁ@hfsa&pﬁﬁﬂai@nd weapon ness, said
enpirical equati,ons .bein m said _theoretical ;g&uatl ons

ri
utili€fng a pluf gtFWn@fa%étB&?’é mosetepd g ais speed.dispidi alicrit:a f uncti on
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aircraft climb angle, true air speed and altitude and said optimal correction constant

values to said empirical equations; and

releasing said weapon when said predlcted range of said weapon is substantially
25 equal to said range of said target. ‘
In a third aspect, the present invention provides a system for predicting range and
time-of-flight of an aerially delivered unguided weapon comprising:
| 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 bging derived by modif}dng theoretical eqﬁat_ions approximating the theoretical range and
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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
ajrcraft; |




lrl+ l.zr)2+4bgzo tj- 2ng b io0 where: tf= weapon ti rre-of-@ll\mhﬁgoowi
weapon mass, -zo = weapon rel ease altitude, b = unknown. drag factor

constant, is i = unknown constant, Z=nWV;,,;,b+n2g b2 g = acceleration
due to earth's gravity, and V,;,,;,= ver®ical conponent of weapon rel ease
true air speed Typically, said theoretical range equation is: b nV.. If
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equat i ons Wa&ﬁdfﬁ%n Bng'ii&E%i*&fi . f§f; the vertical conmponent of weapon
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Preferably, ;sai irical .equatipns, step i nclude a nodi

dr ag fgct%lfbsﬁ ﬁ%@"@%‘?ﬁlg"cﬁ“gﬁ“%ef%f%‘% ed on weapon rel ease true air
speed and air density. Preferably, said enpirical equations include a

modi fication of the tine-of-flight calculated with said theoretical
tinme-of-flight e Yﬂé‘ﬁﬂkih sgidithrpretival imeobflight eqeptiondsised on s weapon rel ease
altitude, the vertical conponent of the weapon release true air speed and
air density. Preferably, [said s 2equations includes a nodification
of the horizontal conpo %&Jm rel ease true air speed using
correction factors basejd= on MZeapon? rellease altitude, clinb angle and true
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b

10 where:
_ty= weapon time-of-flight,
m = Weapon mass,
zp = weapon release altitude,

- b = unknown drag factor constant,

15 1 = unknown constant,
l=m.’7zinﬁ b+m2g
bZ

g = acceleration due to earth’s gravity, and
Vzimi= vertical component of weapon release true air speed

Typically, said theoretical range equation is:

. L
20 r =____m12,,-,,,-, (1-e w'l )

where:
¥ = weapon range,
m = weapon mass,
b = unknown drag factor constant,
25 #r= weapon time-of-flight,
Vaimi= 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.




10 Preferably, said enpirical equations include a nodificabigicRbodhe

" weapon range using correction factors based on weapon rel ease al titude,
clinb angle and true air speed, air density and weapon tine-of-flight.
Brief Description of the Drawings A preférred form of the present invention
wi Il now be described by way of 15 exanple with reference to the
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the verti cedlcudategavithngaidthebteticalairhe-offlight efesion acingn@refidn BcReBasell oRi our e
2. Figure 5is a flowﬁ@gr@m of glrrret hod of predicting tine-of-flight and
range of ACHERSY 1 18 VERCR! Gomnogpnt e ¢ %E’e%f@%ﬁﬁoﬂl@m@wr@d
Figure 1 dgpdeisgyan aircraft 1 carrying an ungui ded weapon in the formof a

bomb 2 and flyi glgqeat an altitude z above ground level (AG). The bonb 2 is
carried under nedefrale ¢ empiticaheauptions findedes gemodifiatiera pb the hbtizontal The

wel | Ko et e TR fyh U P8P AhE ol iR Bors YBef i cieseBpce
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as by a | aser 2. l\/aré;h 2007 7@é§{£%fe~t desi gnator and range finder (LTDR) 7

wsual |y usdigdqnsityand yranam timg- or laser guided weapons. Once the pil ot
has selected the target 5, he needs to align the aircraft 1 with the

target 5 such that the targgfiePDbScliBtibA®IIREDMNiLLSal Pl ane as the plane
of notion of the 5 aircraft 1. Th?sBFs achﬁeveréﬁ{'hb%he usual nanner with

cont rol i nput s f  oWidAedl s PEeRRORFERBH I BUAR debilsgpmyognt r o

conputer (FCC) 8 to the various fliight control surfaces rcraft.

To decjsde sph@nldWith RIFSREE thitg: KRR i £1Qt s to know how far the
bomb 2 5vvi | tr@ave_l (it's range) If pﬁy@%&;@fﬂgﬁgﬁ&g@. any point in time, and
i deal |y rel easdigye lpigribschempignsite eleatidn viewge dnsaimmaftbartying e ungunided of

t he target SERD range of the bonb, the ballistic notion of
an aeri al Ibfﬁl&)e%’:avfé?%% un%w gtd weapon can first be greatly sinplified by

consi deri ng t he Rigap@ns asclenfatix espresentatibn ofthé fireemdngoy hbgmbver a fl at
non-rotating earFIiglire §UI(S:Q. s@h&n?zih%tréﬁ'%sse%te{ﬁ%n 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 resporise to a command from the pilot relayed tﬁrough the WDNS
computer 6 of the aircraft. A target 5 is located a range » from the aircraft. The range »

can be readily determined by the aircraft’s data acquisition systems, such as by a laser




represented in Figure 2. The forces acting on the point-nmss a3t 2607

conbi nation of gravity and aerodynam c drag, and the general system of
‘equations of notion acting on the mass 15 can be represent ed as follows: M
dt =-D-ngsiny (1) nV d =-ngcosy (2) = W¥siny (3) dt Vcosy (4) dt 20 ‘
where: V= true airspeed, m= bonb mass, D = drag, = flight path clinb
angle, 25 felt al |sta ce

accel erati 1(,?% (gﬁle;glg %ﬁg‘g?‘?p%g“é?%\%&?g‘ﬁm#b usuaﬁlyt 81t élg%méﬁ e I}O%Iaﬁ%e
aircraft tgwdehveaneeed, flight path clinb angle and altitude are available

b+ ot et LTk e
and proces&tg‘e‘sSmuoh:dﬁaﬂ;ltlmgta@tals wmm&r@mdahg nbd@ﬂﬁ elwgﬁgouél
(0] I'S | nClude Int

f I dj d f th
ot 1 om, 1 r Ak EaGdr ThR R o P e Wil RgARiRpHE SO Secpiled bgleaer al
sol ution i oc&gb&ﬁ gctofigh @h&ﬂ%gﬂ@%ﬁtrépu&ﬁpﬁt%gmé%%a{d ﬁIea%?Ju%sﬁ%étr antf%)

ai rborne f ht - cont r ol uter. To sihpli ese equati on
assumed t oS ces 9 ahtheiadgradk Prd?éldalwhens‘peddase dhe/borgb 2j theDilot haeds 5 knovker e:

Os) oK R i %d 8561 RRSLANIC, ARRLY B KIA M ol SO AR iguy ST

(5) to Egn (1 consi
depi ct ed imlm@hﬁbomb Anehayethe brzmblrmgb’hs equaFtothelfang6 pf theearged 14t i on to this

o bt 2 b RS B B S0 SR B o o i
unguided weapon can first be greatly simplified by con31der1ng the weapon as a fixed
weight point-mass moving over a flat non-rotating earth. Such a point-mass is
represented in Figure 2. The forces acting on the point-mass are a combination of gravity
and aerodynamic drag, and the general system of equations of motion acting on the mass

15 can be represented as follows:

dav

m—dT=—D~mgsimr _ 1
Vig—-: —mgeosy )
% = Fsiny 3)
% = Vcosy ‘ 4)

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.




x=all-e-k’) (7) where: 20 a, k =unknown constants. dx=akesh,cV¥d78) dt
dzxakze -k dt (9) Z = Substituting Egns (9) and (8) into (6), we get:
mak2e- kt =- bake-kt 25 --- k= b (10) m FromEgn (9), at t = 0, we get: 2
March 2007 9 Vzm, =ak (11) =a b - m 8i a=nWx;,ru b Substituting Eqns
(10) and (11) into Egqn (7), we get the horizontal distance travelled by

t he bonb (known Hs i r ] | ' ' - S, X=nb
s bomo, (knoun T ineet eusanir mgh a4 e B od QAT OBl Sy o
the verti chf Picgafes Hhight datgi raquisition sistemse 10, inchidiyey, fod'ezampiet Zitottaticy

boi ht 1 th s Hlol® rebinid eyl (PSS, SFsoBR I Petewir pREFvER delpon:
z=c( 1- e r)ouiput ffonf theye datheowcesc, d, f = unknown constants. er ce +dV~
(15) d522 b2 - When a fairly accurate aerodynamic drag model of the bomb is included in the
motion, it renders the above equations extremely nonlinear, and no general solution in
closed form has been found that is satisfactory for an airborne flight-control computer.
To simplify these equations, drag (D) is assumed to be a function of true air

speed, giving:

16 D=bV (5)
where:
b = unknown drag factor constant.
Applying the assumed drag function of Eqn (5) to Eqn (1) above, and

considering motion in the horizontal plane, as depicted in Figure 3, we get:

15 Mm——=—b— (6)

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™) D
where:
20 a, k = unknown constants.
dx
——=gke™® =V
—=ake™ =7, ®
d*x _ "
?=—akze ke &)
Substituting Eqns (9) and (8) into (6), we get:
~mak’e™ =—bake™
25 | | —I-— k—-E 10
o | - (10)

From Eqn (9), at t =0, we get:




~s 4jt2= nRce "' (16) Substituting Eqns (16) and (15) into Nzh0dd) we
get: 2 6 b m b2ce )+b( !'+d)+ng=0 (17) in mFromEgn (17) at t = 0, we
get: . b2 b2 -c+-c+bd+ng=0 (18) in in 2 March 2007 10 --- d= b (19) From
Egqn (9), at t =0, we get: nc+( b) .(20) 9-- e=b Vi;nu+ b) (21) s Also, at
t =0, z =2zo, fromEgn (14), we get: f=zo (22) Substituting Egns (19),
(21), and (22) into EgW,(24), we get: b Z=Z0+ V, +-)(1l-e )(1l-enmt bor 2 b
nnn ) 10 z=zo+(m + g)(l-eb"'t)- bt (23 Egn (23) represenglsl t he hei ght of

t he bonb above the groumd-at t seconds after it is relea ea fromthe
aircraft. Clearly, to obtin an explicit solution for the tine-of-flight
taken by the bo bef or em¥},,hits the ground (i.e. z=0) using Eqn (23) is.
nearly inpossible. Accordipgly, it is necessary to derive an approxi mate
solution for the ballistic 1s tinme-of-flight (tf). Firstly, let: InV: n;;

b+M2g 2 (24) b rom Eqn (23)., .we get: b z=zb+Z-le (25 20 At t = tf, z =
0. Egn ((2 5) ) gi v e‘glbsigtugg& églns |)(é0)oang glzilé)mto Eqn (7), we (get ghe horizontal distance
travelled by the bomb (known as the forward-throw) at any point in time as:

, my_, . -2
5 x:———ff-( I—e ™) (12)

If we now consider Eqn (1) for the compohent of motion in the vertical plane, as

depicted in Figure 4, we get:

Mm—s=—b——mg (13)

The solution to this Eqn (13), for the altitude of the bomb at any point in time,

10 can be approximated with the following trial solution:

b
z=c(l-¢ ™ j+dt+ f | (14)

where:
¢, d, f= unknown constants.

]
-Z—jzf;fe wd =V, (15)
d’z p L
15 F‘= mzce " (16)

Substituting Eqns (16) and (15) into Eqn (13), we get:

2 b

b, -2y
(2 ce ™ (2o 1 prmg=0 a7
m m

From Eqn (17) at =0, we get:

2 -b?. :
e —C+bd +mg =0 ' - (18)
m m .




~or 2-March 2007 11 b b tf+le '-zo-1=0 (27) Eqn (27), canobgyushbtdi fied by
maki ng the follow ng approximation: b e (28) where: s it = unknown
constant. Substituting Egn (28) into Egn (22), we obtain: tf -hi t f -z0 =0
(29) Eqn (29) represents a readily solvdBl e quadratic equation int f .
Solving this equation, we get: IT, + 12 2+4ngz0 2 11 10 tf 2mg b (30) b
Egn (30) thus proviggs thegpredicted ballistic time-of-flight (tf).

Accordi ngly, Egns (12)“andy(30) are theoretical equati ons ( roxi mating the
theoretical range and tine-of-flight of ballistic trajectory notion in-a
vertical plane Ol% %_ngg égnb when it is considered to be a point-nmass noving
over a flat non-tOMEhg )< £ WeBeks t hese equations are theoretical, and
do not account for a conplex aerodynanm c drag nodel, the results utilising
t hese approxi mate theo etizgg (1@ tions do not provide su.&éi ci ent accuracy
to be relied upon in préttipce. Actordingly, Eqns (12) and )_30) are

nodi fied utilising various correction factors in an attenpt to provide

enpi rical solutions whigh m)rg,gcl osely match known actual results. 20 At
any point in tine B_gw: Vigeteade of the bonb 2 fromthe(@ircraft 1, the
aircraft true air speed”(VT), altitude (z=h) and clinb angle (y) are known
fromthe flight control conputer (FCC) 8, determ ned fromthe various
f1ight sdata acquibsotator Osystznort Eqof(14)hee gai:rcraft. Wth the bonb bei ng
fixed to the aircraft prior to release, the true air speeij al titude and
clinb angle of the bodb™i |l clearly equal that of the ai ?LQr)aft. 25 The
true air speed (VT) can be resolved into vertical and horizontal conponents
as follows: 2 I\/B‘?ﬂ.tbbtiﬂﬁﬁgEqﬂs?(l‘g),,(ZI);andz%zwm@ﬂt{n(lm,%ég&m al conponent (31)
V~;";, = VT siny - vertical conponent (32) The air density (p) at a given
altitude (in nmetres) can be appron>1<i mated, by the follow ng:

m. g mg
4 ZO b 2init b )( e ) b
or l

Vi . M -
10 z=z, +(———m g""‘ +——-—n;2g J(1—e w )—lnbﬁt ‘ (23)

Eqn (23) represents the height of the bomb above the ground at ¢ seconds after it
is released from the aircraft. Clearly, to obtain an explicit solution for the time-of-flight
taken by the bomb before it hits the ground (i.e. z=0) using Eqn (23) is nearly impossible.

Accordingly, it is necessary to derive an approximate solution for the ballistic

15 time-of-flight (#).

Firstly, let:
my,, b+m’g :

e 24)

From Eqn (23), we get:
5, mg
z=zy+i-le ™ -——b—t (25)
20 Att=1t,z=0. Eqn (25) gives:
. : 'Ti’ ; mg
0.=z:0 +l-le -»~5—t y (26)

ar




h 5 P = Poe 10000 (33) where: po = air density at sea | egalarchoaodi fyi ng
the approximate theoretical results of Egns (12) and (30), correction
factors are applied based on paranmeters which are expected to effect the
io theoretical result. These paranmetersi&re expected to include altitude,
clinb angle (or dive angle, being equal.to - clinb angle), true air speed,
air density and time- Ofygfli ht, (for the range calculation). A first group
of correction factors fhngie@yﬂﬁothe vertical vel ocity2Bonmponent
(Vzinil) as follows: 15 V.=V~ ,,;, 1+f cosy + R2 +P32 O+Pal 00) (34) \Were
Pl, P2, P3 and (Bgh @7 cahbe binmpdifiet! oy onaking the féllovdng spmbkigintioanst ants. The
vel ocity correction factor has a division of the true air speed (VT) by 250
ms- in an attenpt to ngguce t he order of magnitude of the velocity
~expression to single degitd=, B mlarly, the altitude corgayti on constant
has a division by 1500 m 20 second group of correction factors are
applied to calculate the drag factor (b) as follows: ea b=50+P5P+P6P
2s0+P7(3_)Wk®&) \Were Ps, P6, P7 and Ps are the fifth through eighth
correction. consta (28) we have an unknown constant rl, which
we reldbel as tﬁL %%%Fﬁﬁiggkgggrection constant (P9). To sinplify
expression of Egn (30), we then let: P, = P9l (36) 2 March 2007 13 | 2
4ngh P2 = Pl + Rubstituli®y Eqn (@8isto®n (23), teebtaémt h correction constant. Eqn
(30) can thus be rewitten as: 2 tJ = P1+P2 (38) 2ng b s Further
correction factors aremghen 3dded to provide an enpirical equation

approxi mating the HlﬂFgﬁfTM'@ht%ﬁﬁ t he bonb as foll ows:

Eqn (29} represents a readily solvable quadratic equation in \/a . Solving this

. 2 '
M +le'r|2+4’?ng0

10 _ t,= g 30

b

equation, we get:

Eqn (30) thus provides the predicted ballistic time-of-flight (¢).

Accordingly, Eqns (12) and (30) are theoretical equations approximating the
theoretical range and time-of-flight of ballistic trajectory motion in a vertical plane of the
bomb when it is considered to be a point-mass moving over a flat non-rotating earth.

15 As these equations are theoretical, and do not account for a complex
aerodynamic drag model, the results utilising these approximate theoretical solutions do
not provide sufficient accuracy to be relied upon in practice. Accordingly, Eqns (12) and
(30) are modified utilising various correction factors in an attempt to provide empirical
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 (¥7), altitude (z=F%) 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,
a.ltitudé and climb angle of the bomb will clearly equal that of the aircraft. ‘

25 The true air speed (¥7) can be resolved into vertical énd horizontal components

as follows:




QL3 P1 +Pz h h (39) tJ 2m +0u 1500+012(1500) +014P+RuVxVP4@16M, 2epMher e
011, 012, 013, 014, 01s and 016 are the el eventh through sixteenth
correction constants. 10 A further group of correction factors is applied
to the horizontal velocity conponent. (&V;,,,1 : Vx=Vxn,;, 1l | +0nsiny+ +019
0+0201 00 (40) Where 017, 1318, 019 and 020 are the seventh through
twentieth correcyl0&17Q@§§tanu§nm&§ﬂﬁgn§bﬁahify Egqn (12), d to add a
further correctigh constant, we |e 1-e +021 (41) re 021 is a
twenty-first cor K Filarimact crvert&ab@qmmm@nﬁqg this into Eqf3312), and addi ng
further correction factors, we arrive at an enpirical equation

approxi mately t h e. b s foll ows; 21.3
bx + 22Vxtj + O N%ﬁwﬁ aﬁ%ﬁ%‘ %ﬁ%géﬁl g’t??e%ocaﬁ 3ppo ‘Q}atfdhys eV t 2
+ V "“cos |fpllewirigy | 1327 1500) 1326'V r' 1329\ xP~ x J 1331 T\ y/ 1333 xJ
(42) 2 March 2007 R .14 ~~yy R ~y Were P22, P23, P24, P25, 026, P27, Res,
P29, P30, P31, P32, R33 are_the twenty-second through thirty-third
corrects on constants. @Hpgef'™he above equations are expregsged in Sl units,
however it will be usual to convert the range result of Eqn 42 into
British units of feet for use by the pilot. s The thirty-three correction
const ant s ¥¢'o (333 now need to be determined to provide the best fit of
results utilisingthedanpyatfednsvelo fit the tabulating results provided by
t he manufacturer for a given weapon. These correction constants can be

sel ected by so|Im mgdifiiags die eppoyingie athmfetﬂcabpltesmi’tszaflﬁmsp(lﬂ)l amd (80),i si ng

any standay e Wte a

(renpiri ca - r| agﬂ[&&gsaﬁl@ afhﬁtj%gb‘ﬁ%l%éa%m(&&? J‘”va tf {5’ f’rﬁ?ﬁb!etﬁPndex
't-0 be mi nithewetitahrdshitt ﬂ“hemgia:rmata‘s iagrexpecied ssincivtle a!/tﬂude wﬁmb hhglgof @ok Or S
Vor us. t1 LG DR SAEA 4t s R, Anbiey Ui et B Gty e Sinel aDhCGor thr,
error bet yegR @pldicapl fit values utili SI ng the above Egns and the

t abul at ed val ues,
A first group of correction factors are applied to the vertical velocity component

(Vinie) as follows:

| B,
15 V, =Vl I+ B, cosy + =2+ 34
r( B, cosy r—- 53 250 B41500 (34)

Where B1, 52, 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+pB;p+P 4 +8, Ef—ﬂg (35
P PP 56" P 250

Where Bs, Bs, B7 and Pg are the fifth through eighth correction constants.
From Eqn (28) we have an unknown constant v, which we relabel as the ninth
25 correction constant (o).

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

Dy =Byl ' (36)




renp(rical - rtab(e = range error between enpirical fit vabuggcybhds Si ng
the above Egns and tabul ated val ues, n = nunber of data points conpared.
20 The result fromsolving this optimzation problem which has the ‘
time-of -flight and range errors normnaliiged by 20 seconds and 1500 netre
respectively, is the set of optimal correction constants 01 to P33. These
optimal correction constanfs,are Ppph specific. As accuracy of the range
cal culation is nuch nowe=gf#it tdad—than the accuracy of 2%3The

time-of -flight calculation, the seCond wei ghtage factor (W) should
typically be selected to be nuch greater than the first wei ghtage factor
(Wl). These wei ghtegedhachotesth @archer edmnged through trial and error if
desired in a fur']téher ?tte t.to mnimse the range and time-of-flight
errors in cal cul 588 (9} e#ethySbs mymtes@sect i on constants. Wth the enpirical
equations (39) and (42) approximating the tinme-of-flight and 30 range of
an ungui ded weapon 2 havi ig beely derived manual ly, these enpirical
equations are next inplgnEnfEﬂ to predict tinme-of-flight @d range by
first codifying the engir Qﬁzllg/ quations into a first proé s nodul e 11 as
depicted in the flow di agtam/éf/Figure 5. The person skilled in the art
will be well verse ei n statndard net ho&s- to ﬁodie such an equatjon 2 Narch
2007 15 into t HetFIoF SPTSHiaRe facts (3G dher pededate gurvids, apogppirisal sawationt | c
resul ts ofappesdmatingtheitime-offtight bf3hé beéabas Fellowshe weapon of interest is
stored in a data storage neans 12. Again, the person skilled in the art

will be well versed,in standard data storage devices. A second processor
nodul e 13 operates Epl_agst andar ¢, par a eptim zation_code utilizing 5
i1l b

tzenp
standard opti m zgt¥ oty fs z%e}s& Ropafel ¢ordsson ngghod,
Newton's nethod or| ™% yljor s r on nmethod. Again the person
skilled in the art wel | versed in such nunerical optimzation

met hods. The paraneter optim zation code is used to calcul ate
substantially opgspala va uas af Lhe rectjon constants 01 tg 033 using

t he paraneter op |Em%zﬂéf’ieﬂd7ri%l‘:gqﬁ”( ﬁ%‘)@a%ﬁ ﬁrﬁéh? %]Fge(nﬂ}iﬁaogi@ge{gengl} BUERCHgR
‘nodul es 1llcondtdnisan be a single processor nodule, wth these operations to
be being carried out . in a progessor, sych as in a PC, on the ground,

provi di’ng subst a?.tﬁlﬁth?%/ gB’b’Ei coFettipBs iagtors He apBhed e the hosiaentahvslorty

| oadi ng i Ndogpohb@ (#LLeraft. Wen the aircraft 1 is loaded with a given
ungui ded weapon 2, the optimal correction constants for that weapon w ||
be 1 oaded into an ai rC(aft m)unﬁthi rd is procgssor nodul e, which woul d

typically consi Of th Mﬁ obwut gr J6. térnatively, e opti mal
o ﬁl‘v'érl g& pngﬁ'igdsolﬁgd‘épmms to be ug@g with a given

correction constants™flor
aircraft type mght already be prel oaded into thé WDNS conputer 6. Loading
of a particular weapon will then activate retrieval of the prel oaded

correction conswWhetesPirofit e andafon areTitee WONSth dmougle rtwentidts ocoreetion es on

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

b

-
pi=1-e mf"‘le 41)

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

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

v,

mV, h
¥ {Tpa +PBpVt, + [323‘}2 + ﬁqu\/E"‘ 52515];)0 + B

20 .

Bz?(l‘—J +Bas/p +Bauip) + BVt +PBsVlcosy )= + BV} (42)

+
1500

1500




20 equations to cal cul ate predicted range and tine-of-fli ghtvgats bbey weapon
by applying the aircraft clinb angle, true air speed and altitude,

avai lable fromthe aircraft flight data acquisition systens 10, and the
optimal correction constant values for ftidéie weapon to the enpirical
equations. Wth the correction constants having al ready cal cul ated, the

~-calculation of r i M- oh-Thi ght hS @l npst, i nst.ant aneousl

“cal cul ated di rec‘?ﬁ%‘éfﬁr2 %%2%1%4’ ?ﬁ%??ﬁ’ @QF bzségﬁaﬁobg?é’?&é’nﬁéﬁﬂentge %‘ﬁ?ﬁ&'ﬁ?"%d

f eedback tthrough thiity¢bird @rostipheomstdnts. has sel ected a target 5, aligned the
aircraft ‘1 with arget 5 and arnmed the .ungui ded weapon 2, .t he VADNS
conputer 6 will ‘%lgﬁfhﬁu%ﬂ/?/e WQP%aﬁerFé‘preﬁ?egdngé’&ﬁF’g}?d@V 4 vill e uspalitpj ght
of the weapaveratd rasuerasdt ¢ RyrseatoBiitisH difts 30 [P RiriudsB) thé piRdat ed range of

t he target provi(ﬂ}eﬁd b tthge | aser, target designator and range finder
(LTDR) * When th r@ﬂ%&c G Forfrréonreopsiantadh f8rbse daut Beednior be dptetmiskd tthe

el ectod rayigethe tseaiTabeutt bliliig Ml lohdto!ianPlabRlhOrdoil 53l fch ot

the weapon 2 should be released sO as to nexinize the C

t he t ar getby tihenappfastusemion regivan weariod. Bese oorféotjon ednsanth carhbd sélbgted by
predicted it [ o i tinual | |.cul ated based .35 an the
G 1 er encio ik e PokRe B debaiobh ok offuFE 4%, SpBRY Paizatana ' he
2 March 20&hnigh8: hori zontal conponent of the aircraft true air speed (Vi)
so as that the pilot effectively gets a count down to when the weapon

shoul d be released. Thiys wi |l mm sg, ’eactign deday tinmes of the pilot.
I n anagher alt ernaty, e gutia ipm?gg i ! ut er 64\9[?II be
configured to automafircal | 20 el egse wedpdof 2 at the a?)p opriate tine

when the 5 predicted weapon range and target range coi nci de once the weapon
2 has been . armed by the pilot. Wilst the calculation of the optinal
val ues of “flﬁée'correcti on constants will typically be carried out in

separate procesgal serRmhi® iH1GUDbe dﬁhiﬂu%e@%?%rﬁé{iﬁﬁoﬁp?ﬁes@p“ el

correction constants cal cul ati ons m ght '‘be ca n’the WDNS 10
conput er, pri or ¥iow: hisveightagsfadaisiie beselastyd deleadent upbo theirelgting ispartance

Exanpl e LLical |.00Sq: (42) derived above were applied
to a WK 8§?Faggggb{%%‘?rygﬁg&%egﬂtsﬂ%ﬁp%8@a%unds (mass of 227.27 kg). Table 1
provi des a | 00K grat-alake <dtitne-offflightomrorbadtweat empiriealgfit @alded utiBsiog thd i ght
for an arr combi.natigqns,of. 15 altitude, dive angle and true alir speed
(all exprg@slveegﬁqrﬁ a%?fd{eﬁg%ﬁﬁtﬁii?@fe‘fas. supplied by the original equipnent
manuf act urer. Sl i,0m0f = tdbge efbi bitwaéd Qﬁ%iﬁhﬂth&E ubiéing 4R)abovélElhd Si ng
wei ght agea}‘é‘g&;g@s of W = 8000 and w2 = 213000, provided the follow ng

tabl e of tsdoilwesnst ants (in row then col um order): 20 01-33 =

100*[ 0. 00291082347688b3 0026 %Qg%io. 00138340193913 -0.00638158812863

1.67519490029754 0. 14592396993844
20 The result from solving this optimization problem, which has the time-of-flight

and range errors normalised by 20 seconds and 1500 metres respectively, is the set of
optimal correction constants $; to Ps;. These optimal correction constants are bomb
specific. _
As accuracy of the range calculation is much more critical than the accuracy of
25 the time-of-flight caléulation, the secondi weightage factor (w2) should typically be
selected to be much greater than the first weightage factor (w;). These weightage factors
can be changed through trial and error if desired in a further attempt to minimise the
range and time-of-flight errors in calculating the optimal correction constants.
With the empirical equations (39) 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




-1.97903705273431 -0.00090418306503 0. 00256277380455 0. 0043644135023
-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. 41869505 0 = 6 7 30
0 0052138607 5053. 0, 63064105552 1550 05 1 507 SoAaTa] OIS P

corr ect i onPiighbdata Soroflar fecgpemotintarestés storediin kolata $terapo mzansaitizye Aghin, 8R0. 48
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plane gf &HQketr WRRUTOWHG W&l 2efpidlly consist of the WDNS computer 6.
Alternatively, the optimal correction constants for various unguided weapons to be used
with a given aircraft type might already be preloaded into the WDNS computer 6.
Loading of a particular weapon will then activate retrieval of the preloaded correction
constants for that weapon. The WDNS computer 6 also operates on the empirical
20 equations to caloulate predicted range and time-of-flight of the weapon by applying the
aircraft climb angle, true air speed and altitude, available from the aircraft flight data
acquisition systems 10, and the optimal correction constant values for the weapon to the
empirical equations.

With the correction constants having already calculated, the calculation of range

25 and time-of-flight is almost instantaneously calculated directly from the empirical
equations, enabling instant feedback to the pilot.

Once the pilot has selected a target 5, aligned the aircraft 1 with the target 5 and
armed the unguided 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 Vprovided 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

7 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




non-rotating earth as a function of weapon release altitude,mglch?Bopngl e
and true air speed and weapon mass; nodifying said theoretical equations
utilising a plurality of correction factgrs to provide enpirical equations
approximating the range and linme-of-flight of said weapon, 10 each said
correctionhgﬁq%& r con‘gri %Ig a.function of a correction constant and a

par amet er se 2 SORPBRSTL %%ﬁ%@%&w&(&)@aﬂeﬂm thetpitbe effedtively @ngl e
and true abarosmekevn @iwhend88 Sich WERP ' f-fhight;. calcuylating
substantial.ly optiml val ues ofpbsai wCor r‘%&alg%dr’ﬁ %é‘?liﬁﬁgm%l&‘rméaﬁual delgsapon
using a COHB%'F é‘? it Biloty Jinanethsr aliemative, carifiguraiions te SWONS ebphies 6SQHLpd ONS
of - 1s sai gyfigkdd ¢! | ' known ballistic results of range and
time-of -l ight ped & am ﬂv(ﬁgg%%%%ﬁé*%hﬂa‘ﬁ %?%P&?a%fat T8 SPPERPT Bl tioe Wherp dhe

rel ease’ al Piceigtns, wedriontsangegind tanget fanpie cotntide SRS WHbEE THAL Behibidiide,
clinb angllgle%ggttrue air speed of said aircraft prior to release oefd Fai d
weapon; an cal cul ating predicted range and tine-of-flight: of said

weapon by appl yi Wiilsaite caiulatonl $f el AR Anest 5 el drrREE0 and al tifude
~and said ot&%i rr@}l{ pgorrec il on, constant ‘val ues to sal g enpi rPear %G‘Eﬁ%t S.
2. The net KBY?0Y %8 FrMTCLOWhE, ¥pRratsapipcessetsr en ithsaronndieit df chbisgvd getigld on

is: 2 | r-optibdal LeodtbB8R Ocotgtahfs .4 f weapon tine-of-flight, m
= weapon mass, 30 zo = weapon re ea%tgong}l\ﬁq@ﬁdg% (i?néeaq:)r?ﬁﬁo Br§’§ NS
const alft, PUNBREHPRYFY they@mmencemiutofany oeletaanbombihg Migsiths, b+m2g b2 g =
acceleration due to earth's gravity, and V,,,,;e= vertical conponent of

weapon rel ease true air speed 5 3. Tktt_ﬁ met@od of either of clains 1 and 2
Wherein said theoretical range equa P'e. _
. The empirical equations (39) and (42) detived above were applied to a MK 82

bomb having a weight of 500 pounds (mass of 227.27 kg). Table 1 provides a look-up-~
table data of known ballistic range and time-of-flight for an array of combinations of
15 altitude, dive angle and true air speed (all expressed in British units) as supplied by the
original equipment manufacturer. Solution of the optimization problem of Eqn (43),
utilising weightage factors.of w; = 8000 and w, = 213000, provided the following table of

correction constants (in row then column order):

20 Biaz= 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 0.021 13397094226]

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.




blf b r=nVsini,(l-e" where: r = weapon range, 10 m= wWeapQm v&ES., b =
unknown drag factor constant, tf= weapon tine-of-flight, Vx;n;t= '

hori zontal conponent of weapon release true air speed 4. The nethod of any
one-of clains 1 to 3 wherein said nodifying step .is includes nodifying the

~-vertical component of weapon release true air speed using correction

factors based on td j true air speed
and air densi ty].{t\e%r?mli'ﬁebr eeﬁgfiﬁgﬁt glfe ééﬁﬁﬂgarl c%lk hlgF %I?H%B‘gidgﬁ % S\ﬂgﬁeqcﬁué d

nodi fyi ng Biedistion o€ rangesndding-pf-flight aver e doil Spertram o typirat 06mbREHOR of

factors baﬁﬁ&%ﬂ‘g@%@?%’;‘ﬁ@%ﬁ?%ﬁ%&%5‘?%0}1 m;%%geeﬁg and air density. 6. The

met hod of an difying step includes
modi fyi ng the ti T obthols dedcribed buveniles bydnt dpptiad ¢ tHeeab@hics Vallistic data of
tinme- Of'flfcﬁlht eﬁ{?aéﬁi on. usi ntg c?r ection factors based on weapon rel ease
al titude, PWEODSEPoRbs WibrtiRanfolsi he weapon rel ease true air speed and
air density. 25 7. The nethod of any one of clains 1 to 6 wherein said

nmodi fying step i nclygles-apadidygng the hori zgg‘{ggh gonmponent of weapon

rel ease true air speed using correction factors based on weapon rel ease
altitude, clinb angi¥gand (RMfe air Mspeed andAagr denBMBy. 8Madhe net hod of

any one of {6 7 in sal.d nodifyi st ep i ncl'udes nodi fyi ng
t he Weaponm](r(\éezlﬁdgle ué’?%‘g co\r%bg%:(fi ona?éaggto'rs bagdeb%gﬁﬂ we g%ﬁ‘mf‘el 48gimm

altitude, clinmb angle and true air speed, ai(.dgm$it ycat@ryeanonsrq)
time-of-fli gt. 9. @Prret hod_of aerially delivering an un?ui ded weapon from
an aircraf®conpr g t R3S epsO8H7 2 nvar cH3SbOm 239505 di4449-6mm
theoretical equations approximating the theopgpdesl r(lg'qg@ﬁ)and (rlifﬁﬁl_lﬁf -
flight of ballistic trajectory notion in a vertical plane of a polnt-nass
novi ng overk8al | at 005§8n- r 8044 ng @478 h as a F@3kémion BP.0Gwapordicimease
altitude, clinb angle and true air speed .an on ©. S I £ying said
t heoretical equations utilising a plurality gfsw%gt rec(?lg%%fq‘ acgg‘gésjs%o

provi de enpidfi cal @¢dati ofd2Bppr ok4lzdt i Nng t heos.ange awds.sme- GfoXdninght of
sai d weapon, each said correction factor 0081%& % ng 31 function of a
correction constant and a paraneter 3009 (A.33490)  (14.44408)




sel ected fromthe group of weapon release altitude, clinb anglg, a6 true
~air speed, air density and weapon tine-of-flight; 10 calculating
substantially optimal values of said correction constants for said weapon ’
usi ng a conputational paranmeter optim za8i on process correlating sol utions
of said enpirical equations with known ballistic results of range and
time-of-flight for said weapon over an array of conbi nati ons of weapon

rel ease al CLIAUNES: clinmb angle and true air speed; 15 selecting a target;
aligning said aircraft wth said target; determ ning the range of said -

t ar get from sai d-ai r crameethefbefamedietinggange and idwe-ofifiighs odiay laeriallydddliveredai r

speed of 1&HWag6ﬁcoxﬁE} %h’é%s&?sl}fed' cted range and tine-of-flight of

sai d weapon by applying s rcraft clinb angle, true air speed and
altitude and sai momdmgrﬁhboreﬁwal e@udtlons apmexlmalmgmd thesretical 3&igd @ANINd-6R!

equat i ons; sSin pon when.s redicted range of said

weapon SPS %gﬁtd?f;bnatl Al @GCZ%%H’O 0(51 4 WW%BEHSP?ééﬁoH“TI%E}Sﬁé‘%o"lqg)ove?ﬁ‘eﬂ%t hod

of cl ai m Snontretaging esah ds b featioh bﬁ%aﬁdn%fe@rfe‘zﬁﬁiuﬂ@tcli%ﬁlﬁ{g'l@&dt%?e éu?s eed 920
| r~+ er12+m tJ 2 b where: tf weapon time-of-flight, I\)Neapon

mass, B F¥Ptase altitude, b = unknown drag factor constant 2

Mar ch 2 0 07 21 HodiRno¥id Qﬁ%?étﬁﬂ[t equaﬂlonsrﬁ{1].131ngo ﬁ? of ?01‘1‘&:121011 q’gc(%grr‘; gr 22 Ion

due to earthsgrawt and .,,,;= vertica weapon re
true air Sp@¥de smpwicalkguations epprotimating dhe ramgc,laaai ﬂnmegofaﬂlghﬂﬁ)f smmmapmﬁ aid

theor ey calyctf 83 orr&HALABr Ecinprisity’a MALH of £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
~weapon using a computational parameter optimization process correlating solutions of
15 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
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 constaﬁt

values to said empirical equations.

2. The method of claim 1 wherein said theoretical time-of-flight equation
is:
y 2
I+, /12n2+—m§z0
25 t,= b
S 2mg
b
where:

~ ty=weapon time-of-flight,
M = Weapon mass,
30 zp = weapon release altitude,

b = unknown drag factor constant,




where: r = weapon range, 10 m = weapon nmass, b = unknown @nagfa6Hpr
constant, tf= weapon tine-of-flight, V,j,,;]j= horizontal conponent of
weapon rel ease true air speed 12. The nmethod of any one of clains 9 to 11
wherein said nodifying step is included9nodifying the vertical conponent
~of weapon release true air speed using correction factors based on weapon
rel ease aItitud Q&kﬁ&m?aﬁ% @nd true air speed and air density. 13. The
" nmet hod of either of_clal and 11 wherein said nodifying step includes
modi fyi ng said dy dﬁ St %r using correction factors based on weapon rel ease
true 20 air speed andzalr den5|ty 14. The method of any one of clains 9

to 13 wherein said eﬁj % %i |ncI des m)dlfylngthetlme of -flight
cal cul ated wi t h &aPFIREREC W8 ad’f #dynt  equation using correction
factors based or%mﬁapaﬁcﬂebm@s@ezﬁbfwb&piﬁ,rekb@wdiﬂ d conponent of the
weapon rel ease true air sp d air nsity. 25 1 The net hod of any one
of claifms 9 to 14 V\herg}enm ’dﬁ“‘ﬂ'}ﬂf §'{Se‘panq AoYheeRin spigdhearetinpl eanse

hori zont algqgoumpRent of meapon rel ease true air speed using correction
factors based on meapon release gltitude, clinb angle and true air speed
and air density. 16. Kngdm I any one of clains 9 to 15 wherein said
nodi fying step 30 |ncIudQs i fyl ng the weapon range using correction
factors based on yeapon rel ease altitude, clinb angle and true air speed,
air density and‘%e Afon tinme-of-flight. 2 March 2007 22 17. A system for
predi cting range -afidapdnfang - fI i ght of an aerially delivered unguided
weapon conprising: data storage neans storing a |ook-up table of ballistic
resul t¥ of rangeé® anFAPPREESHf -f|ight for said weapon over an array of

;canbi nati ons of e FRPRHWIEHEASRA chbhdtatde, clinb s angle and true air speed,;
aircraft nmounted data acquisition neans for determning altitude, clinb

angle and true wwesmetdn@rpfﬁeﬁm aircraft prior to release of said weapon;

and a first proGesso ﬁ%ﬂfﬁh@e@@eﬁ#éf@e@ﬁ??&g&g% af éerd' cal equations

appr oxi mat i ng t hé™fange and sai d “weapon, said enpirical
equations 10 bei.ng dethevmethty ofrady bye of claiasrletoi 3 atheriniadid ansdifying step
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non- r ot at icBfre@ifdr fAchss BasbdIbe bv'eé}fbn%le‘d@éaell@mdé ejtiadsmghd dodtthenir @eewﬁmaﬁl e
and 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 tiine-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.

3. 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:




true air speed and weapon mass, said enpirical equations beiNjgcHeppyed from:
said theoretical equations ut|I|S|ng a plurality of correction factors

each conprising a function is of a correction constant and a paraneter
selected fromthe group of weapon releage altitude, clinb angle and true
air speed, air density and weapon tinme-of-flight; a second processor nodul e

operating on a substant i al |

optimal values o sal SglrQ{el%ame ﬁﬁﬂg@ﬁsﬁgﬁgxrﬁaﬁmﬁ@aﬁgoﬁgﬁgﬁnﬁ ra[ctbl?l? BFatl ng

~ sol utions Bifghsaf ‘dalbstpa trijectbryenataen s vertitdl pdaedbflaquiintupadsahibenp akéd Skt -

A A S b LG Db o Bt o o

of said Weambma_tp)bnmk,yl ng said aircraft clinmb angle, true air speed and
rection constant values to said i rical

altitude and said %ﬁgl mal éﬁ?r

equati ohs. 25 18M° ngﬁglfl Ll squptions wilising & phuality fof rcgtre@tm porsdto
‘processor didle @sn ﬁéﬁl%hﬁﬁ) 8 appragiRath; of
~claim 17 V\]A?l@rel n spal d first nar?gbsecon ggﬁgi"ﬁ%& dpe?fﬁl%hg-é?r%arllaﬁé g@fg,l ngl e
processor ¢ASH§RE copgetiopHigcion coraprising afynctne obd cmtreacltlnn chifstard ahd aplaenneiter sai d

theor et caloidddirorin gl JPlicBIIALAN Lt oAt ide i dinz0 L2 b 2

March 200 ntine-o
weapon reI@sEyahdweambetnme bfﬂlghnknovvn drag factor constant, rl = unknovvn
constant

Vo, ,,, = ver t i ca‘iajd&lmgnﬁﬁfgﬁtﬂal&eg l@‘lﬁr S '@Pﬁt“a :ce@‘é‘%egn‘glg«ré‘ég“%s Jor Isélﬁe and
system of weapoANnin a Godipiatidrallaraletéh 8p1@hRalcH ProcBROERIAR {ARERS of
equation is; bl r=m/xn.n (1l-e
said empirical equations wi 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
25 1S |
4 2
n+, flz'nz +$z0
t,=
4 2mg
b
where:
fr= weapon time-of-flight,
30 m = Weapon mass,

zg = weapon release altitude,

b =unknown drag factor constant,




where: r = weapon range, 15 m = weapon mass, b = unknownqyisgh béet or
constant, tf= weapon tine-of-flight, Vx;,,,]j= horizontal conponent of

- weapon rel ease true air speed 22. The system of any one of clains 17 to 21
wherein said enpirical 20 equations ingfiude a nodification of the vertical
conponent of weapon release true air speed using correction factors based .
on weapon rel ease_ i limb angle and true air speed and air

density. 23. Thi%ﬁf"“&?@her of clainms 20 and 21 wherein said
enpirical equat '=dﬂ7§:mib1ldm&ie a nodification of said drag factor using
correction factors bageéd on 25 weapon release true air speed and air
density. 24. The system of any one .,of clains 17 to 23 wherein said
enpirical equat§ oA%® qﬁ@?‘ﬁ'&@“??ﬁﬁ@??ﬁ@éﬁti’fﬂ‘?dof the tinme-of-flight

cal cul ated wi th Baj-tvdrhecembsRint of WeEsoRrelbhdeIhie aﬁ%gé' on using correction
factors based on weapon rel ease altitude, the vertical conponent of the
_weapon Srel ease tllue aiThegpetbed afeither of glemas 9 ynd 30 viiBreiTvaiddhenretimabiangay one
of clainms Ji.ds @4 wherein said enpirical equations include a nodification
of the horizontal conponent of weapon release true air speed using
correction factors bas,e_d"Hmf,gfa_%ppn rel ease altitude, clinb angle and true
air speed and air density,. March 2007 24 26. The system of any one of
claims 17 to 24 erein said enpirical equations include a nodification of
t he weapon ranged"#¥%'ng correction factors based on weapon rel ease

al titude, clinbangtfHoanshde;ue air speed, air density and weapon tine-of- s
flight. 27. A systemfor aerially delivering an ungui ded weapon from an
alrcraft to a eréaper Mafyget conprising: processor neans for cal cul ating
predi cted range ;and ¢ oe-of s Elighb fiesai d weapon, said processor neans

i ncluding codified enpiri ca equati ons’ approxi mating range io and

time-of -flight of=weimbnweapofiflighyi d enpirical equations being derived by

nodi fyi ng theoretical equations approxi mating the theoretical range and
T ot 111 gnt . deehor Lt R BR AR kst e 8758 car pl ans of a
poi nt - mass movi rg. overrha nidthéd oPAy eddf dlginkay toh11 dherid i@ midifydlg WeGPON
rel ease al titude, ¢Jinb §ngl e.and true air_speed and weapon nass, said

enpi ri'éal TSI BREHBE nge el Commopriaphl WeARYY delers) treq it SRS WRing i si ng
a plurali byrb&iddl fa&BfsHasdd &Pwé@;%h%l%as%aaﬁ}u&&g&?frb%#gl% hd 't G %?ec?éndaair

correction constant and a paramnmeter selecté omt he group weapon
rel ease aldensityde, clinmb angle and true air speed, air

13. The method of either of claims 10 and 11 wheréin 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 tiﬁae—otlﬂight
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,




density and weapon time-of-flight, said processor neans I neInigiRg007
substantially optimal values of said correction constants for sald weapon

. deri-ved using a conputational paraneter optim zation process correlating
solutions of said enpirical equations w2eh 20 known ballistic results of
range and tine-of-flight for said weapon over an array of .conbi nations of
weapon rel ease aj?.it udg, syhinor pRAcRn@Rieb hHE iRl TRAN

means for aligning said ai rcraf?fé ct ﬂgsﬁgllgd targeetOfsfp rsfa%e?tegmcéﬁ}vﬂ% on
means for WREUEGedi Wieapgn chIpriginge of said target fromsaid aircr aft

second data acqu m. nin tude I i an l.e. and
true air speed O d"?% %ﬂg? eg? ?@?3{0?&gqqga£ B%plxggfhalhtg:crg@g@ of fangeand fime-

cal cul at i nof- ﬂl;ghtijnrseudlw¢a@dnmammnwy&lﬁgemahﬁtlbm§1&wéapf)h lrQ@ése aﬁﬂddé*%ﬁﬂfb for
rel easi ng saj on vvhe said predicted range of said weapon is

substanflla?ft}gye ?‘55%63 range of said target. 30 28. The system of

cl ai m 27 wher ei nifopiftl nid@@sdedits abquisiiBn heahs i ' | i 2
2+4ngzo tf%n%ng t; 2 Marc¢h 2007 % v%/here éf&hmg%%%gﬂftnfgonagmgﬂéf?mn% ahél"é =

‘weapon mas eAr spegi ahepid pisrafi geontorrleawef spid-weapamand drag f act or
constant, 77 = @nﬁgqm?rg&@gra%mdmgvy erau?éﬁgﬁg Réis Fgof n@é@g%ﬁrq%é%ton due

to earth's gravity, to Vzilnii= ver conponen
true air sipoeekipeiingiee syngecandotimeiofifléght ot szhmwmpaﬂ st eﬁﬁm\mwrequﬁhcﬁﬁl d
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time-of-flight of ballistic trajectory motion in a vertlcal 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

15 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 tirnf:?of-ﬂight;

a second processor module operating on a parameter 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-

30  of-flight equation is:

2
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b = unknown drag factor constant, tf= weapon tinme-of-flighty, 202006 nit=
hori zontal conponent of weapon rel ease true air speed 30. The system of any
one of clains 27 to 29 wherein said enpirical equations include a

nodi fication of the vertical conponent @B weapon release true air speed
using correction factors based on weapon rel ease altitude, clinb angle and
true air speed @Rgeair density. 25 31. The systemof either of clains 28
and 29 wherein said enpirical _equations step include a nodification of

sai d drag fact oriGsveaporomeofdlighi, f act ors based on weapon rel ease true air.
speed and air depsify. . 32...Jhe system of any one of clains 27 to 31 wherein
said enpirical ‘equatrons 1rnclude a nodification of the tine-of-flight

cal cul at ed wi t h @& dedporoeledse alitudd, me- 30 of -flight equation using

correctjion factofs bhased on on rel ease altitude, the vertical
conponéent of theéﬁé]ﬁ'g%%wq&a%ﬁcg‘%ﬁoﬂ%m%r speed and air density. 33. The
system of any ong=ainkedvih BnstiAt,t 0 32 wherein said enpirical equations

i ncl udes a nodi fi ca)t/i +o{ t he horizontal conponent of weapon rel ease true

air 2 March 2007]= usi ng correction factors based on weapon rel ease
altitude, clinb angleband true air speed and air density. 34. The system

of any one of Cl%'ﬂ&e@aﬁ&xdﬁt&@ﬂ@ggra%ﬁgdanﬁ”pi rical equations include a
h g cOl

nodi fication of € weapon range usi rrection factors based on 5
weapon rel ease allznit vattcal compimeahgf weapod release tajemirspesid, air density and

weapon_ time-of - §4igh 2 rch 2007 bl e %.data f.or nk82 Bal |istics}
500 | bS 9% TAS, c’ﬁtl\'/e, Ehte,sygglﬁd’z A Ppe ORPRS etO%r‘Yhea@Hé corgfiqal Tangeq |t
ft sec) Vegktgnis: -y : h(ft) r(ft) tf(s) p/po 360 0 500 2199.00 6.41

.0, 985450572 400 0 500 2328. 00 648 0.985450572 440 0 500 2527.00 6.55

0. 985450572 480 0 500¢ #00.6m 6 0. 985450572 520 0 500 2822.00 6. 66

0. 985450572 400 0 600 25@6.00 7.21 0.982560227 440 0 600 2670.00 7.29

0. 982560227 48Q,1, 600 2825.00 7.36 0.982560227 '

¥ = weapon range,
15 m = weapon mass,
b = unknown drag factor constant,
ty= weapon time-of-flight,
Veinie 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 ome 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 cortrection factors based on weapon release altitude, climb angle and true air

speed and air density.
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‘10 and time-of-flight of said weapon, said empirical equations being derived by 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
15 of correction factors each 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, 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
20 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;
flight control means for aligning said aircraft with said target;
first data acquisition means for determining the range of said target from said

aircraft;

25 second data acquisition means for determining altitude, climb angle and true air

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.

30 28. The system of claim 27 wherein said theoretical time-of-flight equation
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480 -10 1000 2668.00 6.87 0.971063649 520 -10 1000 2782. 09 \Mrdi{ 2007
0.971063649 560 -10 1000 2888.00 6.68 0.971063649 360 -10 1100 2372.00
7.73 0.968205654 400 -10 1100 2518.00 7.64 0.968205654 440 -10 1100

2653. 00 7.55 0.968205654 480 -10 110052779.00 7.46 0.968205654 520 -10
1100 2897.00 7.37 0.968205654 560 -10 1100 3008.00 7.29 0.968205654 400
-10 1200 2608.00 8.20 0.965354098 440 -10 1200 2748.00 8.12 0.965354098
480 -10 1200 2879.00 8.04 0.965354098 A-1 2 March 2007 V (kts) h(ft)

r(ft) tf(s) p/wiaer&20 -10 1200 3001.00 7.95 0.965354098 560 -10 1200
3117.00 7.87 0.965354098 % -10 1300 2690.00 8.75 0.962508972 440 -10
1300 2834.00 &BVearudiBegsh 2¥m480 10 1300 2969.00 8.59 0.962508972 520
-10 1300 3095.,0Q a38n Ha262508972 560 -10 1300 3214.00 8. 44 0. 962508972
440 -10 1400 2913.00 9.21°0.959670266 480 -10 1400 3052.00 9. 14
0.959670266 326G wepgon rdepsgaleitudg) 9. 06 0. 959670266 560 -10 1400 3303. 00
8.99 0.959670266 9'.60 0.956837969 560 -10 1500
3385.00 9.53 % g@ﬁ%@g@%ggﬁggg 3%9350 1415. 00 3.54 0.979676373 400 -20 700
1472.00 3. 33 07 9nAkKBATSns#4) - 20 700 1521.00 3.14 0.979676373 360 -20 800
1555. 00 4.09 0. 9767 400 -20 800 1622.00 3.87 0.976798998 440 -20 800
1680. 00 3. 66 d#&ﬁ?%?ﬁﬁﬁ% 480 -20 800 1731.00 3.47 0.976798998 360 -20 900
1681. 00 4.63 0.973928094 400 -20 900 1758.00 4.41 0.973928094 440 -2.0
1900 1826.00 4.g2028keRratdAGR840 earth’s gravity, and

10 Vini= vertical component of weapon release true air speed
29. The system of either of claims 27 and 28 wherein said theoretical range
-equation is:
b
r:chinft(l __e“,,",tf )
b .
15 where:

¥ = weapon range,
m = weapon 1mass,
b = unknown drag factor constant,
tr= weapon time-of-flight,
20 Vini= horizontal component of weapon release true air speed
30. The system of any one of claims 27 to 29 wherein 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. |
25 31. The system of either of claims 28 and 29 wherein said empirical
equations step include a modification of said drag factor using correction factors based on
weapon release true air speed and air density.
32. The system of any one of claims 27 to 31 wherein said empirical
equations include a modification of the time-of-flight calculated with said theoretical time-
30  of-flight equation using correction factors based on weapon release altitude, the vertical
component of the weapon release true air speed and air density. |
33. The system of any one of claims 27 to 32 wherein said empirical

equations includes a modification of the horizontal component of weapon release true air
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7.04 0.959670266 440 -20 1400 2388.00 6.83 0.959670266 480 -20 1400
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N 560 -20 2000 3162.00 9.23 0.942772276
g;) : 360 -30 1200 1559.00 4.73 0.965354098
400 -30 1200 1619.00 4.45 0.965354098

360 30 1300 1646.00 5.19 0.962508972

400 -30 1300 1713.00 4.89 0.962508972

440 -30 1300 1771.00 4.62 0.962508972

360 -30 1400 1729.00 5.65 0.959670266

400  ~30 1400 1802.00 5.34 0.959670266

440  -30 1400 1866.00 5.06 0.959670266

360 -30 1500 1806.00 6.11 0.956837969

400 -30 1500 1885.00 5.80 0.956837969

440  -30 1500 1955.00 5.51 0.956837969

480 ~30 15060 2016.00 5.24 0.956837969

360 -30 1600 1878.00 6.56 0.954012072

400 -30 1600 1963.00 6.25 0.954012072

440 -30 1600 2038.00 5.96 0.954012072

480 -30 1600 2105.00 5.68 0.954012072

360 -30 1760 1946.00 7.02 0.951192564

400 -30 1700 2036.00 6.71 0.951192564

440 -30 1700 2117.00 6.41 0.951192564

480 -30 1700 2188.00 6.12 0,951192564

520  -30 1700 2252.00 5.87 0.951192564

: 360 -30 1800 2009.00 7.47 0.948379435
{:) 400 -30 1800 2105.00 7.16 0.948379435
. 440 -30 1800 2190.00 6.86 0.948379435
480 -30 1800 2267.00 6.58 0.948379435

520 -30 1B00 2336.00 6.31 0.948379435

360 -30 1900 2069.00 7.93 0.945572676

400 -30 1900 2170.00 7.61 0.945572676

440  -30 1900 2260.00 7.31 0.945572676

480  -30 1900 2341.00 7.03 0.945572676

520 .-30 1900 2414.00 6.76 0.945572676

" 560 -30 1900 2480.00 6.50 0.945572676

360 -30 2000 2125.00 8.37 0.942772276

400 -30 2000 2230.00 8.06 0.942772276

440 ~-30 2000 2325.00 97.76 0.942772276

480 -30 2000 2410.00 7.48 0.942772276

§20  -30 2000 2488.00 7.21 0.942772276

560 -30 2000 2558.00 6.95 0.942772276

360 -30 2100 2178.00 8.82 0.939978226

© 400  ~30 2100 2288.00 8.51 0.939978226°

440 -30 2100 2386.00 B8.21 0.939978226

480 - -30 2100 2476.00 7.92 0.939978226

520 -30 2100 2557.00  7.65 0.939978226

. 560  -30 2100 2631.00 7.39 0.939978226

360 -30 2200 2228.00 9.27 0.937190515

400 -30 2200 2341.00 8.95 0.937190515

8.65 0.937190515

- 440  -30 2200  2444.00
A-3-




-30 2700 2898. QG 3607

-30 2700 2797.00 10.57 0.923346703 520 - 30

3?823346703 560 -30 2700 2991.00 10'88 219§§386523592229-324389g02323600
.87 0.920596819 400 -30 2800 2608. . .

%%30.00 11.28 0.920596819 480 30 2800 2842. oo 11.00 0.920596819 520 - 30

2800 2945.00. 10. 73Pﬁk820596 Q3 480802é25430013288 90819
360 -30 2900 2509.0Qs42. 39,0. ég ? 3 30 2600 2883. 00
0.917853206 440 - 3628900327695 Toc0- ﬁz 3? 86 560 - 30 2900
11.43 0.917853206 580 - 3802900009890000l17 b6 Q> 0 - 30
10. 91 0. 917 g 2062236 30%0230@0w25nﬂ1031$24M@u@3915115852 40
3087. 00 20463230 °30D§ 2280830099122 13 0. 915115852 480
3000 2680.00 12.42 151@%85 gg% qg qp S3$0180 11,59 0. 015115852
230 3000 2923.00 11486 O- 9&51i5 iéégg A%H 9 1
- . 06201, 330 0. 9364 00A-8154 0.934409133
560 30 3000 3131 0?60 -30 2300 2765.00 8.28 0.934409133
360 -30 2400 2319.00 10.15 0.931634071
400 ~-30 2400 2440.00 9.83 0.931634071
440 -30 2400 2550.00 9.54 0.931634071
480 -30 2400 2650.00 9.25 0.931634071
520 -30 2400 2742.00 8.98 0.931634071
560 --30 2400 2827.00 8.73 0.931634071
360 -30 2500 2361.00 10.58 0.928865319
- 400 -30 2500 2486.00 10,27 0.928865319
4490 -30 2500 2599.00 9.98 0.928865319
480 -30 2500 2702.00 9.69 0.928865319
520 ~30 2500 2797.00 9.42 0.92886531%9
560 -30 2500 2885.00 9.17 0.928865319
{:) 360 -30 2600 2401.00 11.02 0.9261028¢66
" 400 -30 2600 2529.00 10.71 0.926102866
440 -30 2600 2645.00 10,41 0.926102866
480 -30 2600 2751.00 10.13 0.926102866
520 -30 2600 2B49.00 9.86 0.926102866
. 580 -30 2600 2939.00 9.80 0.926102866
360 -30 ,27@0 2439.00' 11.45 0.923346703
400 -30 2700 2569.00 11.14
440 -30 2700 2688.00 10.85
480 -30 2700 2797.00 10,57
520 -390 2700 2898.00 10.30
560 -30 2700 2991.00 10.04
© 360 -30 2800 2475.00 11.87
400 ~-30 2800 2608.00 11.57
440 -30 2860 2730.00 0 11.28
480 -30 2800 2842.00 11.00°
520 -30 2800 2945.00 10.73 .920596819
560 -30 2800 3040.00 10.48 .920596819

0.923346703
0
0
1t
o
0
0
0
0
0
0
360 -30 2900 2509.00 12,30 0.917853206
0
0
0
0
c
0
0
0
0
0
0

.923346703
. 923346703
.923346703
.923346703
.92059%6819
.920596819
-9205%96819
.220596819

400 -30 2900 2645.00 12.00 .917853206
440 -30 2900 2769.00 11.71 .917853206
4 480 -30 2900 2883.00 11.43 .317853206
520 -30 2900 2989.00 11,16 . 817853206
560 -30 2900 3087.00 10.91 .917853206
360 -30 3000 2541.00 12,73 .815115852
400 -30 3000 2680.00 12.42 .915115852
440 -30 3000 2806.00 12.13 915115852
480 -30 3000 2923.00 11.86 .915115852
520 -30 3000 3031.00 11.59 .915115852
560 -30 3000 3131.00 11.34 -915115852




