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(57) Abstract: The present invention relates to an ignition and delay circuit of an ammunition unit for time controlled delay of the
initiation of an electric blasting cap (8). The ignition and delay circuit comprises a piezo electric device (1) generating electrical
energy when hitting a target, an energy storing device (4, 5) storing the energy generated by the piezo electric device (1) and a de-
lay device (6) supplied by the energy storing device (4, 5) and controlling the initiation of the electric blasting cap (8). The object
of the invention is to obtain a more flexible ignition and delay circuit easy to adapt to different ammunition types, different kinds
of operation, different kinds of environments and so on. According to the invention a programmable micro processor (6) is provid-
ed supplied by the energy storing device and arranged to control the delay of the initiation in dependence of at least the type of
ammunition in question.
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An ignition and delay circuit

The present invention relates to an ignition and delay circuit of an ammunition unit for

time controlled delay of the initiation of an electric blasting cap comprising a piezo

electric device generating electrical energy when hitting a target, an energy storing

device storing the energy generated by the piezo electric device and a delay device
supplied by the energy storing device and controlling the initiation of the electric

blasting cap.

An example of such an ignition and delay circuit is previously known frbm published

. international application WO9415169A1. According to this patent document there is

an ignition and delay circuit delaying the ignition pulse. The delay period is set in
advance. The delay is carried out by hard ware that only manages to count down a

preset time period before forwarding an ignition pulse.

In weapon systems of today there is a demand for more flexible ignition and delay
circuits. The delay and ignition circuit should be easy to adapt to different ammunition
types, different kinds of operations, different kinds of environments and so on. There

is also a demand for ignition and delay circuits with higher accuracy, consuming less

electricity available to a low cost.

The object of the invention is to offer an ignition and delay circuit better fulfilling the

above demands.

According to our proposed solution a programmable micro processor is provided
supplied by the energy storing device and arranged to control the delay of the
initiation in dependence of at least the type of ammunition in question. By the
introduction of a programmable micro processor offering full programmability a very
flexible ignition and delay circuit is obtained. Such a solution based upon a micro
processor does not only count a preset time period but offers a great variety within the
frames of its machine code. In addition to only presetting a time period, the micro

processor can be used to read external sensors, carry out signal processing and so on.
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- Accordingly, the ignition and delay circuit is capable to take logical decisions when to

forward an ignition pulse not only based upon a preset time period but also based
upon a number of different incoming signals. The solution offers the possibility to
program the ignition and delay circuit to quite different performance and time periods

in dependence on the application in question.

According to a favourable development of the ignition and delay circuit the
programmable micro processor in addition to the type of ammunition is arranged to
control the initiation in consideration of further input signals supplied by comprised

sénsors.

Suitably the programmable micro processor of the ignition and delay circuit is
supplied by an energy storing device comprising a first and a second capacitor in
series, the processor being connected in parallel with the first of the capacitors to be
supplied from it. In this connection it is also proposed that a first and a second diode,
the diodes being arranged to conduct in the same direction, are coupled in series in
parallel to the first and second capacitors in series and that the piezo electric device is
connected in parallel to the first diode. By means of this arrangement of capacitors
and diodes coupled to the piezo electric device the voltage generated by the piezo
electric device can be limited and adjusted such that the voltage generated directly can
supply the micro processor without to run the risk of overloading or damaging the
micrq processor. The piezo electric device or piezo electric crystal generates enough
with energy at a target hit to support the micro processor and thereafter to initiate the

electric blasting cap.

According to a preferred embodiment the first diode is of Zener-diode type. Such a
diode operates as a surge protection and effectively prevents the voltage across the
first and second capacitor in series to pass a predetermined value. In brief the Zener-
diode operates such that it at a certain value of the voltage begins to conduct and

dumps surplus energy to earth.

According to a further preferred embodiment of the delay and ignition circuit a
semiconductor component with a gate controlled by the processor is coupled in series

with the electric blasting cap, the coupling in series of the semiconductor component
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and the electric blasting cap being coupled in parallel to the coupling in series of the
first and second capacitor. Examples of suitable semiconductor components in this
connection are thyristors and transistors such as Avalanche transistors. Such
.components are easily controlled by the micro processor and ensure in a conducting
state that energy stored in the first and second capacitor can be supplied to the electric

blasting cap.

The invention will now be described in more detail with reference to the

accompanying drawing in which the only figure shows an example of a suitable

~ circuitry showing the critical components required to obtain intended operation.

The circuitry shown comprises a piezo electric crystal 1 in parallel with a first diode 2.
A second diode 3 is connected in series with the first diode 2. A first capacitor 4 and a
second capacitor 5 in series are arranged parallel to the first and second diodes 2, 3. A
microwave processor 6 is arranged to be energy supplied from the first capacitor 4. A
serhiconductor component such as a transistor 7 or thyristor in series with an electric
blasting cap 8 is also arranged in parallel to the first and second diodes 2, 3. An output
signal of the micro processor is connected to the gate 11 of the semiconductor
component 7 to control the conducting state of the semiconductor component 7. It is
also indicated in the figure by broken lines that the processor 6 could be connected to

external sensors 9,10.

The piezo electric crystal 1 is of the type that normally are used in projectiles fired
from shoulder launched weapons, such as a weapon named Carl-Gustav or disposable
weapons such as a weapon named AT4. Such a piezo electric crystal can be used both
as a target sensor and for generation of enefgy to drive electronic circuits and initiate

an electric blasting cap.

The first diode 2 is an overvoltage protecting diode. The diode 2 operates as an
overvoltage protection and prevents the voltage across the first and second capacitor
4, 5 to pass a predetermined value. A Zener-diode, a transient protecting diode or
similar diodes can be used. The operation of the diode 2 is such that the diode starts to
conduct at a certain value of the voltage across it and dumps the surplus energy to

earth.
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The second diode is a standard diode component and has for its object to prevent

involuntary discharge to ground of the first and second capacitor 4, 5.

The object of the first and second capacitors 4, 5 is to store the energy from the piezo
electric crystal 1 so that it can be used for initiation and supplying of the electronics
involved. The capacitors are dimensioned such that suitable ignition levels are
obtained for the initiation and such that the voltage division between the first and

second capacitors 4, 5 provides suitable drive voltage to the micro processor 6.

Suitable micro processors are chosen in dependence on inter alia required capacity and

environmental conditions such as shock and moisture resistance.

The semiconductor component 7 is a suitable transistor or thyristor that upon signal at
its gate from the micro processor can discharge the capacitors 4, 5 to ground through

the electric blasting cap 8.

In brief the operation of the ignition and delay circuit can be described as follows.
When a projectile fired from a weapon, such as an shoulder launched weapon, housing
an ignition and delay circuit according to the invention and the projectile with the
ignition and delay circuit hits a target, the piezo electric crystal 1 generates energy.
This energy is temporarily stored across the capacitors 4, 5 under the control of the
first and second diodes 2, 3. The first diode 2 prevents the voltage across the first and
second capacitor 2, 3 from passing a predetermined value and the second diode 3
prevents unintended discharging of the first and second capacitors 4, 5. The voltage
across the first capacitor 4 supplies the micro processor 6 with energy starting up the
micro processor processing introducing a delay in the activation of the semiconductor
component 7. The delay is dependent on the software loaded in the micro processor of
the ammunition involved and if preferred on information read from comprised sensors
9, 10. When the correct triggers are fulfilled, i.e. delay time, sensor reading etc, the
processor 6 activates the gate 11 of the semiconductor component 7 setting the
semiconductor component 7 in a conducting state. The energy stored across the first

and second capacitors are now discharged to ground through the electric blasting cap
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8. The discharge to ground trough the electric blasting cap 8 results in that the electric

blasting cap detonates a not shown explosive charge.

The circuitry described above is to be regarded as a general basic construction.
5  However, variants of the circuit solutions are possible within the scope of the

invention without departing from the basic construction described.
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Patent Claims

1. An ignition and delay circuit of an ammunition unit for time controlled delay
of the initiation of an electric blasting cap comprising a piezo electﬁc device
generating electrical energy when hitting a target, an energy storing device storing the
energy generated by the piezo electric device and a delay device supplied by the
energy storing device and controlling the initiation of the electric blasting cap,
characterized in that a programmable micro processor is provided supplied by the
energy stqring deVice and arranged to control the delay of the initiation in dependence

of at least the type of ammunition in question.

2. An ignition and delay circuit as claimed in claim 1, characterized in that the
programmable micro processor in addition to the type of ammunition is arranged to
control the initiation in consideration of further input signals supplied by comprised

SENsors.

3. An ignition delay circuit as claimed in any of the preceding claims,
characterized in that the programmable micro processor is supplied by an energy

storing device comprising a first and a second capacitor in series, the processor being

. connected in parallel with the first of the capacitors to be supplied from it.

4. . Anignition and delay circuit as claimed in claim 3, characterized in that a
first and a second diode, the diodes being arranged to conduct in the same direction,
are coupled in series in parallel to the first and second capacitors in series and that the

piezo electric device is connected in parallel to the first diode.

5. An ignition and delay circuit as claimed in claim 4, characterized in that the

first diode is of Zener-diode type.

6. An ignition and delay circuit as claimed in any of the preceding claims 3-5,
characterized in that a semiconductor component with a gate controlled by the

processor is coupled in series with the electric blasting cap, the coupling in series of
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the semiconductor component and the electric blasting cap being coupled in parallel to

the coupling in series of the first and second capacitor.

7. An ignition and delay circuit as claimed in claim 6, characterized in that the

semiconductor component is a thyristor,

8. An ignition and delay circuit as claimed in claim 6, characterized in that the

semiconductor component is a transistor.

9..  An ignition and delay circuit as claimed in claim 8, characterizéd in that the

semiconductor component is an Avalanche transistor,
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