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Abstract

5 It is possible to improve the hit probability of programmable projectiles by means of this
method. For this purpose a predetermined optimal disaggregation distance {Dz) between a
disaggregation point (Pz) of the projectile (18) and an impact paint (Pf) on the targetis
maintained constant by the correction of the disaggregation time (Tz) of the projectile (18).
The correction is performed by adding a correcting factor, which is multiplied by a velocity

10 difference, to the disaggregation time (Tz). The velocity difference is formed from the
differance between the actually measured projectile velocity and a lead velocity of the
projectile, wherein the lead velocity is calculated from the average value of a number of
previous successive projectile velocities,
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“Method for Determining the Disaggregation Time of a Programmable Projectile*

The invention relates to a process for determining the disaggregation time of a
programmable projectile, wherein the calcuiation is at least based on an impact distance to a
target determined from sensor data, a projectile velocity measured at the muzzie of a gun
barrel and a predetermined optimal disaggregation distance between an impact point and a
disaggregation point of the projectile.

A device has become known from European patent application 0 300 255 which has a
measuring device for the projectile velocity disposed at the muzzle of a gun barrel. The
measuring device consists of two toroid cails arranged at a defined distance from each other.
Because of the change of the magnetic flux created during the passage of a projectile through
the two toreid coils, a pulse is generated in each toroid coil in rapid succession. The pulses
are provided 1o an electronic evaluation device, in which the velacity of the projectile is
calculated from the chronological distance between the pulses and the distance between the
toroid coils. A transmitter coil for the velocity is disposed behind the measuring device in the
dirsction of movement of the projectile, which acts together with a receiver coil provided in the
projectile. The receiver coil is connected via a high pass filter with a counter, whose output
side is connected with a time fuse, A disaggregation time is formed from the caiculated
velocity of the projectife and an impact distance to a target, which is inductively transmitted to
the projectile directly after the passage through the measuring device. The time fuse is sat by

means of this disaggregation time, so that the projectile can be disaggregated in the area of
the target.
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If projectiles with sub-projectiles are employed (projectiles with primary
and secondary ballistics) it is possible, for example as known from pamphlet
OC 2052 d 94 of the Oerliken-Contraves company of Ziirich, to destroy an
attacking target by multiple hits if, following the ejection of the sub-projectiles at
the time of disaggregation, the expected area of the target is covered by a
cloud constituted by the sub- projectiles. In the course of disaggregation of
such a projectile the portion carrying the sub-projectiles is separated and ripped
open at predetermined breaking points. The ejected sub- projectiles describe a
spin-stabilized flight path caused by the rotation of the projectie and are
located evenly distributed on approximately semicircular curves of circles of a

cone, so that a goad probability of an impact can be achieved.

It is not always possible with the above described device to achieve a
good hit or shoot-down probability in every case because of dispersions in the
disaggregation distance caused, for example, by fluctuations of the projectile
velocity and/or use of non-actualized values. Although the circle would become
larger with larger disaggregation distances, the density of the sub- projectiles
would become less. The opposite case occurs with shorter disaggregation

distances: the density of the sub-projectiles would be greater, but the circle

smaller,

It would be desirable to provide a process by means of which an
optimum hit or shoot-down probability can be achieved, while avoiding the

above mentioned disadvantages.

According to the present invention there is provided a process for
determining the disaggregation time of a programmable projectile, wherein the
calculation is at least based on an impact distance (RT) to a target determined
from sensor data, a projectile velocity (Vm) measured at the muzzle of a gun
barrel (13) and a predetermined disaggregation distance (Dz) between an
impact point (Pf) and a disaggregation point (Pz) of the projectile (18), wherein

the predetermined disaggregaticn distance (Dz) is




2a
maintained constant by a correction of the disaggregation time (Tz), wherein

the correction is performed by means of the equation

Tz(Vm) = Tz + K* (Vm-Vov)

5
and wherein
TZ(Vm) means the corrected disaggregation time,
Tz the disaggregation time,
K a correction factor,
10 Vm the actually measured projectile velocity, and
Vov a lead velocity of the projectile.

Here, a defined optimal disaggregation distance between a
disaggregation point of the projectile and an impact point on the target is

15 maintained constant by correcting the disaggregation time. The correction is
performed in that a correction factor multiplied by a velocity difference is added

to the disaggregation time. The difference in the projectile velocity is formed

from the difference between the actually measured projectile velocity and a

lead velocity of the projectile, wherein the lead velocity of the projectile is

20  calculated from the average value of a number of previous successive projectile

velocities.

The advantages which can be achieved by means of the invention reside
.t t in that a defined disaggregation distance is independent of the actually
‘1 25 measured projectile velocity, so that it is possible to achieve a continuous
optimal hit or shoot-down probability. The correction factor proposed for the
correction of the disaggregation time is merely based on the relative speed of

the projectile-target and a derivation of the ballistics at the impact point.
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The invention will be explained in greater detail below by means of an exemplary
embodiment in connection with the drawings. Shown are in:

Fig. 1 a schematic representation of a weapons contral system with the device in
accordance with the invention,

Fig. 2 a longitudinal section through a measuring and programming device,

Fig. 3 a diagram of the distribution of sub-projectiles as a function of the disaggregation
distance, and

Fig. 4 a different representation of the weapons control system in Fig. 1.

In Fig. 1, a firing control is indicated by 1 and a gun by 2. The firing contro) 1 consists of a
search sensor 3 for detecting a target 4, a tracking sensor 5 for target detection connected
with the search radar 3 for 3-D target following and 2-D target surveying, as well as a fire
control computer 6. The fire contral computer 6 has at least one main filter 7, a lead
computing unit 9 and a correction computing unit 12. On the input side, the main filter 7 is
connected with the tracking sensor 5 and on the output side with the lead computing unit 9,
wherein the main filter 7 passes on the 3-D target data received from the tracking radar 5 in
the form of estimated target data 2, such as pasition, velocity, acceleration, etc., to the lead
computing unit 9, whose output side is connected with the correction computing unit.
Meteorological data can be supplied to the lead computing unit 9 via a further input Me. The
meaning of the identifiers at the individual junctions or connections wil! be explained in more
detail beiow by means of the description of the functions.

A computer of the gun 2 has an evaluation circuit 10 and an update computing unit 11.
On the input side, the evaluation circuit 10 is connected with a measuring device 14 for the
projectile velocity disposed on the muzzle of a gun barrel 13, which will be described in greater
detail below by means of Fig. 2, and on the output side with the lead computing unit 9 and the
update computing unit 11. On the input side, the update computing unit 11 is connected with
the lead and with the correction computing units 9, 12, and is connected on the output side
with a programming element integrated into the measuring device 14. The correction
computing unit 12 is connected on the input side with tha lead computing unit 9, and on the
output side with the update computing unit 11, A gun serve device 15 and a triggering device
16 reacting to the fire command are also connected with the lead computing unit 9. The
connections between the fire control 1 and the gun 2 are combined into & data transmission
device which is identified by 17. The meaning of the identifiers at the individual connections
between the computing units 10, 11, 12 as well as between the fire control 1 and the gun 2 will
be explained in greater detail below by means of the description of the functions. A projectile
is identified by 18 and 18' and is represented in a programming phase {18) and at the time of

Case 98-C124
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disaggregation (18"). The projectile 18is a programmable projectile with primary and
secondary ballistics, which is equipped with an ejection load and a time fuse and fillad with
sub-projectiles 19.

In accordance with Fig. 2, a support tube 20 fastened on the muzzie of the gun barrel 13
consists of three parts 21, 22, 23. Toroid coils 24, 25 for measuring the projectile velocity are
arranged between the first part 21 and second and third parts 22, 23. A transmitter coil 27,
contained in a coil body 26, is fastened on the third part 23 - also called a programming part.
The manner of fastening of the support tube 20 and the three parts 21, 22, 23 with each other
will not be further represented and described. Soft iron rods 30 are arranged on the
circumference of the support tube 20 for the purpase of shielding against magnetic fields
interfering with the measurements. The projectile 18 has a raceiver coil 31, which is
connected via a filter 32 and a counter 33 with a fime fuse 34. During the passage of the
projectile 18 through the toroid coils 24, 25, a pulse is generated in rapid succession in each
toroid coil. The puises are supplied to the evaluation circuit 10 (Fig. 1), in which the projectile
velocity is calculated from the chronological distance between the puises and a distance a
between the toroid coils 24, 25. Taking the projectile velocity into consideration, a
disaggregation time is calculated, as will be described in greater detail below, which is
inductively transmitted in digital form during the passage of the projectile 18 by means of the
transmitter coil 27 to the receiver coil 31 for the purpose of setting the counter 32,

A disaygregation point of the projectiie 18 is indicated by Pz in Fig. 3. The gjscled sub-
projectiles are located, depending on the distance from the disaggregation point Pz, evenly
distributed on approximately semicircular curves of {perspectively drawn) circular surfaces F1,
F2, F3, F4 of a cone C. The distance from the disaggregation point Pz in meters m is plotted
on a first abscissa |, while the sizes of the surfaces F1, F2, F3, F4 are plotted in square meters
m? and their diameters in meters m on a second abscissa il. With a characteristic projectile
with, for example, 152 sub-projectiles, and a vertex angie of the cone C of initially 10°, the
values plotted on the abscissa li result as a function of the distance. The density of the sub-
projectiles located on the circular surfaces F1, F2, F3, F4 decreases with increasing distance
and under the selected conditions is 84, 16, 7 and 4 sub-projectiles per square meter. With a
predetermined disaggregation distance Dz of, for example 20 m, on which the calculation
which follows has been based, a target area of the example used of 3.5 m diameter would be
covered by 16 sub- projectiles per square meter.

The target to be defended against is identified by 4 and 4' in Fig. 4 and is represented in

an impact and a launch position (4) and in a position (4") which precedes the impact or the
launch position.

Case 86-C124
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The above described device operates as follows:

With projectiles with primary and secondary ballistics, the lead computing unit 9 calculates
an impact distance RT and a sub-projectile fiying time ts from a predetermined disaggregation
distance Dz, a lead velocity VOv and the target data Z, taking into consideration
meteorological data. Here, Tz is the flight time of the projectile to the disaggregation point Pz
and is is the fiying time from the disaggregation point Pz to the impact point Pf of a sub-
projectile fiying in the direction of the projectile (Figs. 3, 4).

For example, the lead velocity VOV is formed from the average values of a number of
projectile velocities Vm supplied via the data transmission device 17, which have immediately
preceded the actually measured projectite velocity Vm.

The lead computing unit 8 furthermore detects a gun angle « of the azimuth and a gun
angle A of the elevation. The values a, A, Tz and VOv are supplied to the correction
computing unit 12, which calculates a correction factor K as described in more detail below.
The values a, A, VOv and K are designated as shooting elements of the impact point and are
supplied to the gun computer via the data transmission device 17, wherein the shooting
elements « and A are supplied to the gun servo device 15 and the shoating elements VOv, Tz
and K ic the update comgputing unit 11. If only the primary ballistics are employcd, the impact
time Tf = Tz + ts is supplied instead of the disaggregation time Tz (Fig. 1, Fig. 4).

The above described calculations are performed repeatedly in a clocked manner, so that
the new data «, A, Tz or Tf, VOv and K are avallable for a preset valid time in the respective
actual clock period i.

interpolation or extrapolation is respectively performed for the actual (current) time (f)
between the clocked valuas.

The ballistics of a projectile are described by means of a system of differential equations
of the form .
Po = Vg Eq. 1
e = f(06,7) Eq. 2

i

Case 95-C124
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wherein, together with the initial conditions  _ ~ _
76(0) = Pos(t,, 7,(t,)) 5(0) = %(t,)

an unequivocal ballistic solution - ~ s .
! s iolt, Poslter Tulte) ulte))

try ‘l-f.c;(f, st(tm fiﬂ(tﬂ))l Eﬂ(to))

is determined. In the system defined by equations Eq. 1 and Eg. 2, the impact condition

ﬁG(TG, PT)S(to, ‘Ua(tﬂ))l 'Ua(tn)) = 52 (ta + TG) Eq.3

is contained as a marginal condition, wherein TG = TG(t,,Talte)) , and whersin the
lead value ,(t,) of the projectile is not assumed to be the initial velocity. A component of
¥,(t,}  in the barre! direction is defined by

A = u-g(l)“ . M
Y = Pastta, B

and a component criented perpendicularly in respect to it is defined by ﬁz) , 8o that
To(t,) = 59 £ 50 Eq. 4
wherein

ﬁf) = P-és(to, T(ty))

identifies the velocity of the barrel mouth and is a lead value which is actually maintained by
the projectile. Howaver, it is not possible a priori to provide a statement regarding the amount

of the component of the initial velocity of the projectile in the direction of the barrel. Indeed,

the value
o = uy(to) == |57

is not exactly assumed by the projectile. The actual value of the component of the initial
velocity of the projectile in the direction of the barrel is identified by Vm. This value is

measured for each projectile at the barret mouth (Figs. 1 and 2). The effective initial velocity of
the projectile now is

Case 986-C124



10

ae
- seee
-

am ¢

- s
. as

.e

. eeus

.

reeneils

30

35

79.10.96 ./, bkl -7-

ﬁ(l) 2 PBS(to 1"’*o(ta)) >
T5(0) = U+ == + T = U - = P Pos(t,, (L) -
¢ ™, | Pos(t,, 7.(t))|| Eq.5

For the sake of simplicity it is possible to replace the dependence on the initial velacity by the
dependence on the value of the component of the initial velocity in the direction of the barrel,

50 that

TG = TG(to: Uo) ) PBS = st(tmva) = P-asa

and the ballistic solution
i palt, PBSQ,‘U‘,)
t 3 (8, Pos,, v,)

results. With the effective initial velocity in accordance with equation Eq. 5, the solution of the
equations Eq. 1, Eq. 2 takes the form t ﬁ'c(t,PBs ¥m)
@ Vm}t

t— I?G(t, PBS.,' um) .

A projectile with the path given by = Pa{t, Pos,,¥m) generally will no longer hit the
target. Therefore, when calculating the correction factor K, the basis is the flying time t* over
the shartest distance between a projectile and a target provided by the definition

t* = *(um) = 1gf {Fo(t, Pos, vm) — Fzlto + DI}

and the partial darivation in accordance with the flying time

8. ~

‘ar PG(t, POSO: "m) - p—Z(ta +t :

ot =g

= 2 ( 'D‘G(t') Posayvm) - ﬁz(to +t') , ﬁ(‘,‘(tt, PBSO,‘Um) —-ﬁz(f,c + t') ) Eq' 6
=0

and equation Eq. 6 is simplified by inserting the definition

Prel (Um) = ﬁG(t* (Um)v sto, Um) - ﬁz (to + t*(vm)) )
Urg (vm) 'UG(t* (Um)v PBSO- 'Um) — Uz (to + t*.(vm)) = f;‘.;cl(vm) '
Gret{tm) : EG(t*(Um): P-E‘vam) —dz(t, + t*(Um)) = T.jxie!('-’t'ﬂ)

1l

i

Case 96-C124
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By means of differentiating the equation Eq. 6
( ar:l('um) ‘ DL t*(vm) +.D; Eﬁ(t.(um): P-(;Sol ‘Um) ’ ﬁrel(vm) )

,,,,,,, Eq.7
is obtained. Subsequently, the hit condition in accordance with equation Eg. 3, contained as a
marginal condition in the system of the differentiat equations of ballistics, is inserted, taking

into consideration the definition of t + (vo) = TG

ﬁrd(v°) = ﬁG(TGI P-(.)vao) —p—Z(tu +TG) =0

from which follows )
D] t'(‘UO) = ( ircl('Uo)—, DJ ﬁG(z“G, PBSD,'UD) )
: (vfd(vc) 1 ‘ur:l(va) ) Eq. 7.1

for Vm = Vo from equation Eq. 7. By inserting the definition
dfc - -~
E‘ = D; pc(TG, POSM 'Uc)
]

{he equation Eq. 7 is simplified, the result of which is the correction factcr Kas

(17re!(vo) ) %ug:f

K= Dl. 1""'(U") = ( ﬁnl(ua) ) 17r:l(uﬁ) )

Eq. 8

The mathematical or physical notation used above means:

-~

U a vector
Jlef - the standard of a vector
( ¥, 7) scalar product
X7 vector product
rd uniform matrix
. ‘ scalar or matrix multiplication
gi= A the value g is defined as the expression A
g=g{z,...,z,) thevaluegdependsonx,...x,
L3 g(t). assignment (the evaluation of g at point t is assigned to t)

Case 96-C124
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[

g

derivative of g in accordance with time

D; glzy,...,Z0) partial derivative of g after the i-th variable
a 0
#9612 %x) partial derivative of g after the time t 4

infg M

;6.G|{".Gx oG
Pz, Vz, 02
Z-?‘rch Urels Grel

Pos

Vo
Vo

Um
TG.

tt
t

Yower limit of the amount M over all t

position, velocity, acceleration of the projectile
position, velocity, acceleration of the target
relative position, velocity, acceleration projectile-target

position of the mouth of the barrel

initial lead velocity of the projectile

amount of the component of the initial lead velacity of the projectile in
the barrel direction

amount of the component of the effective initial speed of the projectile
in the barrel direction

lead flying time of the projectile

flying time of the projectile

time at which the projectile passes the mouth of the barrel

The update computing unit 11 calculates a corected disaggregation time Tz(Vm) from the
correction factor K supplied by the correction compuiting unit 12, the actualy measured
projectile speed Vm supplied by the evaluation circuit 10 and from the lead velacity Vov and
disaggregation time Tz supplied by the lead computing unit 8, in accordance with the equation

Tz(Vm} =Tz + K * (Vm-VOv}

The corrected disaggregation time Tz(Vm) is interpolated or extrapolated for the actual
cutrent time t depending on the valid time. The disaggregation time Tz{Vm) now calculated is
provided to the transmitter coil 27 of the programming unit 23 of the measuring device 14 and
is inductively transmitted to a passing projectile 18 as already previously described In
connection with Fig. 2.

It is possible to maintain the disaggregation distance Dz (Figs. 3, 4) constant,
independently of the fluctuations in the projectile velocity and/or caused by the employment of

nan- actualized values, by means of the carrection of the disaggregation fime Tz, so that itis
possible to achieve an optimal hit or shool-down probability.

Case 96-C124
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The claims defining the invention are as follows:

s 1.

10

15

A process for determining the disaggregalion time of a programmable projectile, wherein
the calculation is at least based on an impact distance {RT) to a target determined from
sensor data, a projectile velocity (vm) measured at the muzzle of a gun barrel {13) and a
predetermined disaggregation distance (Oz) between an impact point (Phand a
disaggregation point (Pz) of the projectile (18),

wherein
the predetermined disaggregation distance (Dz) s maintained constant by a correction of

the disaggregation time (Tz), wherein the correctioni s performed by means of the

equation

Tz{Vvm) =Tz +K* (Vm - Vov]

and wherein

TZ(vm) means the corrected disaggregation time,

Tz the disaggregation time,

K a comrection factor,

Vm the actually measured projectile velocity, and
Vov a lead velocity of the projectile.

The process in accordance with claim 1,

wherein
the correction factor {K) is determined, starting from the flying time (t*) over the shortest

distance hetween a projectilé and a target provided by the definition

=1y = irgf{“ﬁc(t"P-ésa,vm) ~ fiz(te+ t)uz}
and the partial derivation in accordance with the flying time

8. - - 2
at ipc(t, Poso, ve) — Pz (ts + i)“m-

= 2{Tolt", Pose,um) — Tz(ts +1') , Folt', Pose vm) = Fzlte + "))
0

Eqg.6
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through the fallowing calculating steps
- simplification of the equation Eq. 6 by inserting the definitions

Bre(um) = Folt"(vm), Poso, vm) = Firlty + )
{’-rcl(vm) 1-"-C'F(t'("-fl'i'!)r PE)S,,, vm) -z (to + t*.('um)) = ﬁ:el(vm) '
Ere!(vm) : EG(t.(vm)l PBSm vm) - EZ(ta + t*(um)) = ";f';e[(vm)

. differentiation of the equation Eq. 6 in accordance with the actually measured projactile
velocity (Vm), which results in

( arzt('um) D, t'(,vm) +D; {”G(t*(vm)n P.(.JSO, vm) 1 5r¢1('um) )

+( grgl(vm) 3 ﬁr:l(vm) * Dl tt(vm) + DJ ﬁG(.t*(vm)r P-(')S,,,‘Um) ) =0 -
Eq.

- insertion of a hit condition Eq. 3, contained as a marginal condition in the system of the
differential equations of ballistics, into Eq. 7, taking into consideration the definition of t*

t*(v,) = TG
ﬁrel(vo) = ﬁG(TG: ;P'E’so;vo). “'ﬁz(tc +TG) = 0

from which follows

+ _ _( 17,3((’00) » Dy ﬁG_(IGn PBS,,,‘UO) )
Dl ' (Un) - (ﬁrd(ua) H ﬁrel{vo) ) Eq &

for Vm = Vo from equation Eq. 7,
- simplification of equation Eq. 7 by inserting the definition

'6_}’79_ =Dy ﬁG(TG:P-béOlvO)
dv, . :

wherein the correction factor (K) results as

(grcf(vo) ) %%f‘ )

K= . * V) = —
Put(vo) (Tralva) ) Tralvo) )

Eq. 8

Case 86-C124
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and wherein, the following meanings apply

Pc. VG, 8c
Pz, vz.0z
Prety Urely Qret
Pos
A

Vo

Um

TG
e
ta

position, velocity, acceleration of the projectile
position, velocity, acceleration of the target
relative position, velocity, acceleration projectile-target

position of the mouth of the barrel
initia! 1ead velocity of the projectile ' ‘
amount of the component of the Initial lead velocity of the projectile in

the barrel direction

amount of the companent of the effective initial speed of the projectile
in the barre! direction

lead flying time of the projectile

flying time of the projectile

time at which the projectile passes the mouth of the barre!

Dig (xl,....-,xn) partil.al derivative of g after the i-th variable.
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3. A process as claimed in claim 1 for determining the disaggregation time

for a programmable projectile substantially as herein described with reference

to the accompanying drawings.
DATED:; 10 May, 1999

PHILLIPS ORMONDE & FITZPATRICK

Attorneys for:
OERLIKON-CONTRAVES AG

CAWINWORCWVIOLE TWHILNODELETE\T1727-86.00C




1/3

U746

------




2/3

F7g.2
2/ 20 22 30 53

SO5S \\\W\\\ﬁ\\\\\ ALY N

\ 77 & —25
73 w\\ /ﬁ&\\\\\\\ // N,
™ ~ Tz7
_ Bl
= INi—"
//)/»};-AS
— ‘{R\“ = \]7;;\\\\\\}\\ TR \\R(/]/;lyﬂ//////n’f/ 7.
289 24 28 PN /4
.F/'g;. J

NN
Y i e




3/3

..




	BIBLIOGRAPHY
	DESCRIPTION
	CLAIMS
	DRAWINGS

