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METHOD TO COMBAT A TARG.

[*]
]

TECHNICAL FIELD

This patent application concerns a method of using

artillery wilith guided ammunition to combat targets.
Furthermore, the patent appllcation also concerns a

projectile and a fuse.

BACKGROUND, PROBLEM-S5OLUTION APPROACH AND PRIOR ART

When combatling targets such as missiles, alrcrafts or
helicopters, artillery pileces will traditionally use

projectliles wilith a timed fuse or a proximity fuse.

Projectiles with a timed fuse are set to explode/detonate
at a certain time, determined by parameters such as launch
speed, distance (e target, etc. Alternatively, the

projectile uses a proxilmlity fuse that will cause the

—

projectile to explode/detonate in proximity of the target,

once 1t has Dbeen detected Dby a sensor 1nside the

p—

projectile. This could be a type of sensor called a target

secker.

pr——

Examples of methods and devilices used to combat targets with

gulded projectiles fitted with target seekers can be found

1n patent specification EP 0 048 068 Bl, which describes a

combat method using guided, exploslve projectlles or
missiles equipped with target trackers/seekers to
automatically guide the projectile or milisslle towards the
target. To 1mprove accuracy, the projectille or milssille

fired 1n a burst 1s fitted with transmitters that activate

when the projectile/missile detects a  target. Once
activated, the transmitters send a signal that 1ndilcates

pr——

the position of the target 1n relation to the projectile

and subsequent projectiles. The subseqguent projectiles,
gulded by the signal 1ndilicating the 1locatilion transmitted

from the 1nitilal projectilile, alter their trajectory to be

1in llne with the target trajectory. Therefore, the
subsequent projectiles get a more accurate trajectory

towards the target. The i1nvention presented 1n EP 0 048 068

Bl differs from the 1nvention described 1n this patent
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appllcation, 1n that combat 1nvolving subsequent

projectiles 1s based solely on data from the target seeker.

Additional problems which this present 1Invention seeks to

pr——

solve will become apparent 1n the detailed description of

the various embodiments.

L]

PURPOSE AND DISTINCTIV!

FEATURES

—

The purpose of this present 1nvention 1s to 1mprove the

abl1lity to combat targets when several projectililes are

fired towards a target 1n successlion.

The 1nventlon concerns a method to i1mprove the i1mpact point

pre——

of at least one subseguent projectile fired at a target,

launched after an 1nitial projectile, where subsequent
projectiles can alter theilr trajectory to 1mprove target

detectlion by using 1nformation on the previous projectililes’

pr——

time of automatilic detonation.

pr——

For a method to 1mprove the 1mpact point of at least one

subsequent projectile filred at a target, the following

aspects apply;

the previous projectiles fired at the target must detect
the target and transmit the target location data to the

subsegquent projectiles.

the subsequent projectiles must use the received target
location data to set thelr course towards the target, and
detonate on an external command or at an estilmated 1mpact
polnt based on the predicted target trajectory.

the predicted target trajectory must be calculated based on
the target location data.

pr—

the time of detonation must occur at the optimal 1mpact

polnt based on the predicted target trajectory.
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the external command must be a signal transmitted from a

fire control system.

the target location data must be a direction relative tO

the projectile.

the target location 1nformation must be a location

speclfied 1n a three-dimensional positionling system.

B

the location data can be used to direct the sensitivity of

a sensor filitted 1nside the projectile.

pr——

the sensi1tivity of the SEensor can change from

omnidirectional, 360 degrees, To senslitivity 1n a segment <
90 dedgrees.

pre——

Furthermore, the 1nventilion consists of a projectile that

uses the aforementioned method to i1mprove the i1mpact point.

pre——

The 1nvention also consists of a fuse to be used on a
projectile that uses the aforementioned method to 1mprove

the 1mpact point.

BENEFITS AND OUTCOMES

—

The advantage of the present 1nventilion 1s that the action

—

by launched projectililes can be utilised more effectively

agalnst a target. The first projectilile, which automatically

detonates, transmits, directly using communication oOr
indirectly by providing timed data to the subseqguent
projectiles, that the target has not Dbeen detected.

Furthermore, the target can be detected when firing and the

pr—

position of the target can be transmitted to subsequent

projectiles, which 1mproves the abillity for subsequent
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projectiles to combat the target. The subsequent
projectiles set their course towards the target and
detonate when the target 1s detected by a sensor 1nsilide the
projectile, or alternatively, at an estimated

tilme or when an eXxXternal signal 1s transmitted to the
projectile.

FIGURES

The 1nvention will be described 1n more detailil below, with

reference to the accompanving figures thereiln:

g — pr—
p—

Fig. 1 shows a flow chart for a method using guided

projectiles to combat a target according to an embodiment

—

of the i1nvention.

pre——

Fig. 2 shows a block diagram of a device used to combat a

pr——

target according to an embodiment of the 1nvention.

pr——

Fig. 3 shows the movement of a target according to an

pr——

embodiment of the i1nvention.

Fi1g. 4 shows a target trajectory according to an embodiment

—

of the i1nvention.

pr——

Fig. 5 shows a schematlic view of a projectile accordlng to

pr——

an embodiment of the 1nvention.

Fig. © shows a projectile trajectory according to an

pr——

embodiment of the i1nvention.

B

DETALL.

D DESCRIPTION OF EMBODIMENTS

When combatling a moving target, 1.e. alr targets, wilth

ungulded projectiles fired from barrel weapons, projectiles

are almed at the polnt where the target will be when the

pr—

projectiles reach the target. These type of ©polnts,

p—

commonly called poilnts of aim, are predicted based on

measurement data and estimations. By the same estimatilion,

pr——

vou can also predilict the trajectory of the projectilles

fired at the target. The estimate or prediction 1s based
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on the projectile's previous posilitions and a hypothesis on

how the projectile will behave in the future.

A system designed to use artillery and projectiles to

pre——

combat targets can consist of three parts; fire control,

weapons and projectiles. Such a system can also be called

an artilllerv-based antili-alrcraft defence. Projectililes are

—

to be understood as wvarious forms of projectiles, such as

grenades, missiles and/or rockets, which intended use is to

combat a target. A flre control system used 1n an

artillerv-based anti-aircraft defence 1ncludes one or more

sensors and several methods for managing and evaluating the
sensor data. The sensor or sensors that are 1i1ncluded 1n,

and used by, the fire control system are also referred to

as s1ght. Refined 1nformation from the sight 1s used to

—

control the direction of both sight and weapons.

In a first embodiment, the projectiles are fired 1n

successlion wilthout moving the launcher, neither laterally
nor vertically, making the projectiles travel 1n a lilne, or
close to a 1line, towards the target. The launched
projectiles are programmed wlth a time slot, 1.e. the
sensors 1nsilde the projectilles can detect a target durlng a

certaln C1me interval. In this case, the initial
projectiles’ time slot 1s communicated to the subsequent

pre——

projectiles. If the target 1sn’t detected by the 1nitial

projectile wilithin the set time slot, the projectile wil:

detonate. This, 1n turn, 1nforms the subsequent projectilles

that the target was not ound within the target

seeker’s/sensor's search area. The subsequent projectiles

pr—

can still obtain this 1nformation when tThere 1s a lack of

communication from the projectiles 1n front, by noting that
nothing 1s received when the target remains undetected by

the projectiles 1n front. Alternatively, the subsequent

projectliles can be fitted with a sensor, 1.e. an optical

pr—

sensor, that can detect the detonation of the projectiles

—

1n front, 1n order to obtaln thilis 1nformation. f the

projectililes 1n front have been unable to detect the target,
the subsequent projectiles can alter thelr trajectory 1n

order to be 1n a more favourable position to detect the

carget. Alternatively, the projectlles receilive 1nformation

that no target has Dbeen detected Dbefore automatic

detonation. n the event that several subsegquent
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p—

projectiles are launched, different trajectorilies can be

selected 1n order for the subsequent projectililes to cover a
larger area.

In a second embodiment, the projectiles are fired 1n
succession without moving the launcher, neither laterally
nor vertically, makling the projectiles travel 1n a line, or
close to a 1line, towards the target. When the 1nitial

projectlile detects a target, the communication to the first

subsequent projectlle can be simplifled by transmitting

only a direction. The first subsequent projectile receilves

the 1nformation from the 1nitial projectilile and sets 1ts

course towards The communicated direction. When the first

subsequent projectile detects the target, the projectile

transmits a direction to the followlng projectilile and so
On.

In a third embodiment, the projectiles are launched towards

the target 1n an optional way. In this embodiment, the

pr——

relative position of the launched projectiles 1s unknown.

Fach projectile 1s provided wilith a devilice that measures 1ts
current position, 1.e. by 1lnertilal or satellite navigation,

pre——

or a comblnation of i1nertial and satellite navigation. When

the 1nitial projectile detects a target, 1t transmits the

pr—

position of the 1nitilial projectile and the position of the

target 1n relation to the current position of the
subsequent projectiles. The 1nitial projectille transmits

the target information to the first subsequent projectile,

pre——

including the position of the 1nitial projectilile and the

pr—

location of the target 1n relation to the 1nitial

projectile’s position. The second projectile calculates,

pre——

based on 1ts current position, the position of the 1nitial

—

projectile and the location of the target 1n relation to

the first projectile, and the manoeuvers redqulred to steer

the second projectile towards the target.

Figure 1 shows a flow chart for a method using guided
projectiles to combat a target, step 1. As combat 1s
lniltiated, step 2 1n Figure 1, the sight 1s directed

towards the target. Usually, this 1s made possible by an
external device, such as a reconnalssance radar, that
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contilnuously dellvers 1nformation on the target position as

pre——

a function of time. Thlis external device 1s called the

assigning device. Parallel to the sight belng aimed towards
the target, the Dbarrel can be aimed at a preliminary

pr—— pr——

calculated point of aim, the position of which 1s based on

data from the assigning device. Once the barrel 1s 1n
position, the combat can be 1nitiated by launching the
projectiles towards the target. The projectiles travelling

towards the target have been fitted with a target seeker,

sensor or a proximlity fuse that can detect a target. When

the first launched projectile detects a target, or when the

pr——

first of the launched projectililes detects a target, 1t

reglisters the target position 1n relation to the

projectile, which can be seen 1n step 3, Detecting a

target, 1n Figure 1. The target information 1s transmilitted
1n step 4, Communilication to subsequent projectiles, 1n
Figure 1, by the 1nitial projectille transmittling a signal
to the subsequent projectililes. This communication can be
sent usling purpose-bullt communication eqgulpment, such as

pr——

various forms of radlio communication or optical

communlication, or by other means. In every embodiment,
cach projectile has 1ts own unidgue address, and the target

information 1S transmitted to all the subsequent

projectiles. The next step, after the 1nitial projectile

has transmitted the informatilion to the subsequent

projectiles, 1s step b5, Projectile Detonation. n an
alternative embodiment, detonation can only take place once

the 1nitial projectile receilves a confirmation from the

subsequent projectiles. In the embodliment  when the

projectile 1s launched with a time slot, the first

embodiment, the projectiles will automatically detonate at

the end of the time limit. In this case, the communication

can be sent to the subsequent projectiles Dbefore the
detonation, and/or the subsequent projectiles can Dbe
programmed, or otherwise set, to know  the 1lnitial

projectile’s time slot and thereby also the end of the time
limit.

In the step o, Receiving 1nformation 1n  subsequent
projectile, the subsequent projectiles are updated with

information relating to where the target 1s located. The
subsegquent
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projectililes can, dependling on thelr current position and
estimated course, be steered to 1mprove their trajectory 1n

order to be 1n a more favourable position 1n relation to

pre——

the target. The process of steering the projectile to a

more favourable position 1n relation to the target can be

pr—

found 1n step 7, Course correction. If the projectiles are

launched using a time slot, as per the first embodiment,

and  no information 1S recelved Dby the subsequent

projectiles from the projectiles 1n front, and the

—

projectililes 1n front have detonated at the end of the time

slot, the subsequent projectiles will still know that no

target has been detected. As the subsequent projectiles are

—

aware of the time slot of the 1nitial projectile and

pr—
—

therefore the time of self-destruction/automatic

detonation, the subsequent projectiles can determine that
the 1nitial projectile has been unable to detect the
target, as the time 1limit has been reached and no target

information has been receilived. The subsequent projectiles
can Then correct thelr course 1n order to 1ncrease the

pr——

possibility of detecting the target.

The subsequent projectile or projectiles will steer to a

position where 1t/they can detect the target using the

pre——

target seeker, sensor or proximlity fuse. f the target

cannot be detected, the projectile can be set to detonate
by using an external command, 1.e. a signal communicated

from the assigning device. The radar fitted on the
assigning device can detect both the projectile and the

target. Therefore, 1t can send communlication to the
projectlile to make 1t detonate at a sultable time to 1mpact

the target. FEven 1f the seeker 1s unable to detect a
target and the projectile recelves an external signal to

detonate, the subsequent projectile has still received the

target location. Therefore, 1t may have changed 1ts course

to a position that 1s closer to the target, and therefore

p—

1t may be 1n a position that 1s more favourable 1n terms of

pre——

causing damage to the target, than 1f no information had

been received at all. Communication with the projectilile can
be adapted based on the cilrcumstances and can, 1n 1ts

simplest form, only 1nclude a signal to detonate. As an
additional alternative, 1n the event the target seeker 1s
unable to detect the target and 1t 1s not possible to
communicate with the projectile (1.e. due to prohibited
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radio communication), the projectile can be set to detonate
by calculating the target trajectory |based on  the

information on the target location already receilived <from
the previous projectile. The ©previous projectile can
communilicate the target’s relative location data, but also

pr——

the absolute location data 1f the projectile 1s fitted with

a positioning system. Furthermore, the projectile can
assess the target's speed based on the location
information. Subsequent projectlles can make assumptions

about the target’s trajectory based on an estimation of the

target’s location and speed. Therefore, an optimal 1mpact

polnt for the detonation can be calculated based on this

pr—— pr—

estimation of the target’s trajectory. Even 1f the seeker

1s unable to detect a target and the projectile detonates
based on an optimal 1mpact polnt, the subsequent projectile

has sti1ll receilved the target location. Therefore, 1t may

have changed 1ts course to a posiltion that 1s closer to the
target, and as such 1t may be 1n a position that 1s more

—

favourable 1n terms of causing damage to the target, than

pr——

1f no 1information had been received at all.

Which one of the three different modes that will generate

pre——

the signal for the projectilile to detonate 1s determined 1n

step 8, Detecting a target/external command/calculated
trajectory. When a decision has been made to detonate the
projectile, the subsequent projectilile can send an updated

pre——

position, measured or calculated, of the target’s location

as described 1n step 9, Communilication to subseguent
projectililes, carried out 1n the same way as 1n step 4.

Whereby step 10, Projectile detonation, 1s carried out 1n

the same way as 1n step 5. In the first embodliment, where

the projectiles are launched wusing a time slot, the

subsegquent projectiles will also detonate automatilically at

g

the end of the time limit 1f no target has been detected.

Any addilitional subsequent projectiles wil1ll repeat this

procedure from step 6.

An artilllerv-based anti-aircraft defence system 20, as

—

described 1n Filigure 2, consists of fire control 21, one or

more weapons 26 and projectiles 27 that can be fired at a

carget. The system 20 recelves an assignment from an
external reconnalssance sensor 22, which can scan large

pr— pr—

volumes of great depths at the expense o0of accuracy and
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10

measuring frequency. The artilillery-based anti-ailrcraft

defence 20 1ncludes a fire control sensor 23 that, once

—

assigned, can measure the location of the 1ndividual target

pre——

and the position of the launched projectiles 1n a small

sector with limited depth, but with high accuracy and high

measuring frequency. The processing unit 25 1s used to

pr—

estimate the points of aim that the weapons 26 should be

almed towards. Egquilpment for communilicating with  the
projectile may be 1ncluded. However, this 1s not shown 1n

the figure.

Figure 3 shows a target area 100 for a target moving
towards a protected object 104 1n the second and third

pr——

embodiment. The target will pass a number of positions or

polnts on route towards the protected object 104. At point

101, which 1s far from the protected object, the target can

be combated with the first launched projectile fired early

105. Although the first projectile 105 1s quilite a 1long

distance away from the target, 1t can still detect the

target at point 101 by using 1ts target seeker, sensor or

proximity fuse. The filrst projectile 105 communicates

information on the target’s poslition to the subsequent
projectiles, shown 1n Figure 3 as projectile 100 and 107.
Projectilile 105 subsequently detonates, whereby shrapnel or
other blast material hits the target on 1ts route towards
the protected object. Thils possibly elilmlnates the target
or, alternatively, the target contlnues towards the

protected object. If the target continues towards the

protected object, the target will eventually reach point

102. Projectile 106 has started a course correction 1n

order to move to a more favourable position, where 1t will

detonate once the target 1s detected at point 102. Before
the second projectile 106 detonates, 1t communicates the

target i1nformation to the subseqguent projectile 107, which

1n turn performs a course correction to get 1nto an even

more favourable position for detonation 107 when the target
1s detected at point 103.

Figure 4 shows a target trajectory 1000 towards a protected
object 1001 1n the second and thilird embodiments. The target

1s flying towards the protected object 1001. The target 1s
detected by a reconnalssance sensor as 1t passes polnt

1002. The reconnalssance sensor assigns a fire control
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Sensor. The fire control sensor locates the target
somewhere between poilint 1002 and point 1003, and begins to
track and measure the target’s position and speed. At polnt
1003, the target starts to change 1ts course, e.dg. 1n order
5 to see the protected object 1001. At point 1004, the target
has finilished changing 1ts course. At point 1005, the target

begins to set a course that strives to steer the craft to
hit the protected object 1001. The fire control can start

pre——

to predict the point of aim 1007 once the target passes

10 point 1006. The prediction 1s based on data from the fire
control sensor and optionally a hypothesis about which
guldance law 1s used by the target. Combat with the target
can be 1nitiated early and the first projectile launched at

the target can communicate the target's position to the
15 subsequent projectiles. The first subsequent projectile
sets 1ts course towards the target and when the target 1s

detected, 1t communicates the target’s posilition to the
second subsequent projectile. f the first subseqguent
projectile 1s unable to detect the target, 1t can detonate
20 usling an estimated target trajectory based on previously

recelved position 1nformation on the target, or by an

external command, 1.e. communlicated from a sensor, such as
a radar, that measures the projectile’s as well as the
target’s position. There 1s redundancy 1n the subseguent
25 projectile being able to detonate through; detection using
a Ttarget seeker; a calculated target trajectory,; or through

pr—

an external command. If the seeker 1s unable to detect the

target, the projectile can be detonated using a calculated

p—

trajectory or an external command 1nstead. However, 1f

30 there 1s 1nterference that renders external commands
1mpossible, the projectile can be detonated using the

pre——

target seeker or the calculated target trajectory. If the

projectlile does not receilve 1nformation to detonate from
the target seeker nor the external signal, the calculated
35 target trajectory can be used to detonate the projectile.

Once the first subseqguent projectile has detonated, the

second subsequent projectlle sets 1ts course towards the
target, and the process contlnues.

pre——

Figure 5 shows a schematic view of a projectile 50 fitted

40 with a sensor 52, such as an optical or electromagnetic

pr——

"erent sensor.

seeker, a proximity fuse or a di
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The projectile 1s also fitted with control devices, such as

—

fins 54, or other means of control, and a servo 56 or a

pr——

different actuator to control the fins or other means of

control. A processing unit 58, such as a microprocessor,

recelves 1nformation from the sensor 52, and estimates
posslble guidance laws, which the processor communilicates to

the servo b6, that 1n turn controls the fins 54 to move the
projectile 50. The processor 58 also communicates with a
communlication unit 60 1n order to transmilit signals to the
subseguent projectiles.

The communication unit o0 can also receive 1nformation from

an exXternal transmitter, 1.e. 1nformation to detonate the

projectile at a specific time, or 1nformation on the

target’s position, transmitted from the projectiles 1n

front. Furthermore, the projectile 50 1ncludes a warhead
02. The sensor 52 can be provided with a device that

pr——

controls the sensitivity of the sensor, such as directional

pr—

sensitivity, 1.e. by controlling the lobe of an antenna.

This can 1mprove the sensitivity 1n a speclfic area, 1.e.

1n an area where 1t’s assessed that the target will pass.

Figure ©6 shows a combat procedure 200 1n the first

embodiment, where projectile 201, 202, 203 and 204 have
been set with a time slot and launched 1n succession
towards a target 1n a projectile trajectory. The time slot,

also known as time gate, means that the projectile’s

pr——

proximity fuse 1s actilive during a certaln period of time,

pr— pr—

from a first polnt of time to a second point of time (the

end of the time limit). If the proximity fuse 1s unable to

detect a target during the set time slot, the projectile

will self-destruct/automatically detonate/automatically

destruct.

pr——

The filrst projectile 201 detonates at the end of the time
limit. The subsequent projectiles 202, 203 and 204 are

programmed or otherwilse informed of the lnitial
projectile’s time slot. As the 1nitial projectile 201

pre——

automatlically detonates at the end of the time limit, the

subsequent projectiles change thelr course, as the current

pre——

crajectory 1s not within sufficient proximity to detect the

target. Some time after the 1nitial projectile’s 201
detonation, the subsequent projectiles 202, 203 and 204

have moved 1nto thelr new trajectorilies. Preferably, the
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subsequent projectiles wi1ll spread out to 1ncrease the
probability that one of them will detect the target.
Different algorithms can be used to Improve the possibility

pre——

of detection, dependling on the current siltuation regarding

pr——

5 the assumed target, distance to target, type of projectile,
etcC.

ALTERNATIVE EMBODIMENTS

10 The 1nvention 1s not limited to the specific embodiments
described, but can be varilied 1n different ways within the
scope of the claims.

—

It 1s understood that the number of sensors, launching
device, or systems of elements and detalls 1ncluded 1n the
15 method of fire control agailinst targets have to be adapted

to the weapon  systems, platforms and other design

characterilistics currently available.

pr—

It 1s also understood that the method of fire control
agalnst targets, as described above, can be applied to
20 virtually any gulded vessel or system, 1ncluding ailrcrafts,

unmanned alrcrafts and milissiles.

pr——

The 1nvention 1s not limited to a certain form of target,
but can be used for wvarious target types, such as surface

targets or alr targets.

p—

25 Furthermore, 1t can use all forms of projectiles, 1ncluding
grenades, exploslve grenades, mlsslles and rockets.

The 1nvention 1s also not limited to a certaln number oO:
projectiles or targets, but can be adapted to the number o:
carget objects or projectilles currently avallable.

m ™m
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pre——

A method to 1mprove the 1mpact point of at least

one subsequent projectile fired at a target,

launched after an 1nitial projectile, characterilised
by that the subsequent projectiles altering theilr

course, based on 1nformation on the previous

pre——

projectiles time of automatic detonation, to

1mprove the abillity to detect a target, and by the

previously launched projectiles detecting the

target and transmitting information on the
target’s position to the subsequent projectilles.

A method to 1Improve the 1mpact polnt for at least
one subsequent projectile according to claim 1,
characterised by the subsequent projectiles setting
thelir course towards the received target location

data, and detonating on an external command or at
an estlmated 1mpact polnt based on the target’s
estimated trajectory.

A method to 1mprove the 1mpact point for least one
subsequent projectile according to claim 2,
characterised by estimating the target’s trajectory
using the target’s location data.

A method to 1mprove the 1mpact point for at least

one subsequent projectille according to claim 2-3,

characterised by using the estilmated target
trajectory to calculate the optimal 1mpact polnt

for detonation.

A method to 1Improve the 1mpact point for at least
one subsequent projectile accordling to clalm 2,

characterised by using a signal transmitted from a

fire control system as an external command.

A method to 1mprove the 1mpact poilint for at least

pre——

one subsequent projectile according to one of the

aforementioned claims, characterised by the target
location data beilng 1n a direction relative to the
projectile.
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7. A method to 1mprove the 1mpact point for least one
subsequent projectlle according to one of the

aforementioned claims, characterised by the target

location data belng a specified 1location 1n a

5 three—-dimensional positionling system.

3. A method to 1mprove the 1mpact point for at least
one subseguent projectile according to one of the
aforementioned clalms, characterised by the
location data being used to direct the sensitivity

10 of a sensor 1nsilide the projectile.
9. A method to 1mprove the 1mpact point of at least

one subsequent projectile according to clailm &,

pr—

characterised by changing the sensitivity of the

pr—

Sensor rom omnldirectional, 3600 degrees, (e

15 sensitivity 1n a segment < 90 degrees.
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