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(57) Abstract

The invention relates to a method of, and apparatus for, accurately
calibrating an oscillator in an electrical detonator firing circuit by the
steps of arranging the oscillator to produce pulses of a predetermined
length. In one embodiment disclosed the oscillator comprises a ring
oscillator wherein the length of a pulse is determined by a plurality of
switches operating in succession and by the method disclosed the number
of switches which are to operate successively is adjusted to obtain the

desired pulse length for the oscillator.
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DETONATOR DELAY CIRCUIT.

This invention relates to detonating arrangements and, more
specifically, to detonating arrangements in which an
electrical detonator is activated to detonate, thereby to
induce a detonation wave into a bulk explosives, after a
predetermined time delay following receipt of a firing
signal.

It is common practise in the detonation of bulk explosives
to delay the detonation of a detonator for a predetermined
time delay period following receipt of a firing signal and
this practise is commonly followed when a plurality of
explosive materials are to be detonated in a predetermined
timed sequence. In most such detonation arrangements the
"clock" for determining the different timings for the
detonations conveniently comprises an oscillator in each
detonator circuit but, unfortunately, the oscillators used
to date have inherent inaccuracies and precise desired
delays in the detonation of the detonators following a
common fire signal have been difficult to obtain.

One method for overcoming this problem, and now well
published, is to cause the oscillator to operate and to
count the number of pulses made by the oscillator over an
accurately measured time interval and to use the number of
pulses counted over said interval to calculate the number
of pulses to be made by the oscillator to achieve a desired
timing for the delay for the detonator.

The present invention seeks to provide an explosive
detonator arrangement capable of producing relatively
accurate delay periods.

According to the present invention there is provided a

method for setting a delay time for an explosive detonator
in a detonator circuit comprising the steps of adjusting an
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oscillator for the detonator circuit to produce pulses of
a predetermined length and subsequently sending a signal to
a counter for the oscillator to count a predetermined
number of pulses of said predetermined length before
activating the detonator associated with the oscillator.

Preferably the method is characterised by the steps of
selecting the oscillator to comprise a so-called “ring"
oscillator, whereby the length of a pulse of the oscillator
is determined by a plurality of switches operating
successively, and calibrating the oscillator by selecting
the number of switches to be operated successively to
achieve the predetermined pulse length for the oscillator.

Preferably the method includes the steps of forming the
oscillator, and the "ring" of switches therefore, on an
electronic chip.

In a preferred embodiment the method includes the steps of
setting the predetermined pulse length for the oscillator
whilst its oscillator is in the detonator circuit.

In one embodiment the method is characterised by the steps
of selecting the oscillator to produce square wave pulses.

In another embodiment the method is characterised by the
steps of selecting the oscillator to produce saw-tooth
pulses, with the leading edge of each pulse substantially
vertical.

In a further embodiment the method is characterised by the
steps of selecting the oscillator to produce saw-tooth
pPulses, with the trailing edge of each pulse substantially
vertical.

The invention also envisages apparatus for setting a delay
for firing a detonator after receipt of a firing signal,
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said apparatus including a circuit for the detonator, an
oscillator in the circuit for the detonator, and means for
adjusting the oscillator to produce pulses of a
predetermined pulse length.

Preferably the apparatus is characterised in that the
oscillator comprises a so-called "ring" oscillator, and
where the length of each predetermined oscillator pulse is
determined by the successive operation of a plurality of

switches.

The invention will now be described further by way of
example with reference to the accompanying drawings in

which:

Fig 1 shows, diagrammatically, an oscillator with a
sinusoidal pulse pattern.

Fig 2 shows, diagrammatically, a switch ring for
controlling the pulse length of the oscillator illustrated
in Fig 1 and

Fig 3 shows, diagrammatically, a detonator circuit in
accordance with the invention.

The oscillator 11 illustrated in Fig 1 is activated by
power on line 12.

The oscillator 11 includes a pulse counter 13, the counter
13 is arranged to count the number of pulses made by the
oscillator 11 and, on a predetermined number of pulses
being counted, the pulse counter 13 transmits a signal on
the line 14.

Fig 2 shows a switch ring for the oscillator 11 in
accordance with the invention.
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The "ring" 15 of switches 161 to lén illustrated in Fig 2
would normally have all its switches 161 and 16n open and,
on receipt of a signal on line 17, the switches 161 to 16n
close successively, as each switch 16 closes it extends the
signal from line 17 to cause the next switch 16 to close
until all the switches 161 to l16n are closed and the signal
received on line 17 is transmitted via wire 18.

In one arrangement according to the invention the
oscillator 11 may be calibrated by attaching the ring 15 of
switches 161 to 16p to a timing arrangement, settable to
accurately determine the number of switches 161 to 16pn to
be closed in order to give a predetermined pulse length L
to the oscillator 11 and, when the timing arrangement is
actuated, the switches 16 of the ring 15 are allowed to
close in succession until, after the predetermined time,
the last to close switch 16x is noted. Thereafter all the
switches after the 1last to close switch 16x are
disconnected from the ring circuit so that the signal from
switch 16x is applied direct to wire 18 and the length L of
the pulse of the oscillator 11 is thereby set. Thereafter,
the ring 15 of switches 161 to 16x is arranged to operate
for each pulse made by the oscillator 11, so that all the
pulses generated by the oscillator 11 have the same
effective time 1length. Thus, by using the ring 15 of
switches 16, the pulse 1length oscillator 11 can be
accurately calibrated.

In another arrangement, not illustrated, a switch in a line
extending from the last to Operate switch 16y, determining
a desired pulse length L, is closed and arranged to extend
the signal from the last operated switch 16x to the line
18, thus to by-pass the switches 16 between the last
operated switch 16x and the line 18 in the direction of
switch closure.
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Oother arrangements for terminating the closure of the
switches 16 after the number of switches 16x have closed to
predetermine the length of the pulse L will be apparent to
persons skilled in the art.

In the arrangement illustrated in Fig 3 a control unit C
transmits signals via lines 19 and 20 and a plurality of
detonator circuits D1, D2 -- DN are connected to the lines
19 20. Each of the detonator circuits D1 D2 -- DN includes
an oscillator 11, with its associated pulse counter 13, a
condensor 21 and a detonator 22. The condensers 21 are all
fully charged by applying power to the lines 19 20 before
the oscillators 11 are activated and the arrangement is
such that, when the pulse counter 13 of each detonator
circuit D1 D2 -- DN has counted the required number of
pulses for that circuit, the condensor 21 is discharged to
activate the detonator 22.

It would be appreciated that the arrangement shown in Fig
3 is purely diagrammatic and the circuits D1 D2 -- DN may
be changed, as desired, and components can be added to said
circuits without departing from the scope of the invention.

The oscillators 11 may be fully calibrated before being
included in the detonator circuit, or in an alternative
arrangement, each detonator circuit will include a ring 15
of switches 161 to 16n and the oscillator may be calibrated
whilst in the detonator circuit. Whilst an oscillator can
have its pulse length accurately calibrated in one location
any number of variants acting on the oscillator, for
example the atmospheric temperature, can adversely affect
the oscillator and accordingly the setting of the pulse
length. Thus, inclusion of the oscillator in the detonator
circuit with subsequent calibration of the oscillator pulse
length ensures accuracy of the required time delay period.



WO 96/16310 PCT/GB95/02665

6

Whilst in the illustrated embodiment the oscillator is
defined as producing a pulse of the form following a point
moving with simple harmonic motion it will be appreciated
that other forms of pulse may be obtained. Thus, for
example, the oscillator may produce saw-tooth pulse forms,
with the start to each pulse being substantially vertical
or the end of each pulse being substantially vertical and
all such pulses must be within the scope of the present
1nvent10n.
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CLAIMS

A method for setting a delay time for an explosive
detonator in a detonator circuit comprising the steps of
adjusting an oscillator for the detonator circuit to
produce pulses of a predetermined length and subsequently
sending a signal to a counter for the oscillator to count
a predetermined number of pulses of said predetermined
length before activating the detonator associated with the
oscillator.

A method according to claim 1 characterised by the steps of
selecting the oscillator to comprise a so-called "ring"
oscillator, whereby the length of a pulse of the oscillator
is determined by a plurality of switches operating
successively, and adjusting the oscillator by selecting the
number of switches to be operated successively to achieve

the predetermined pulse length for the oscillator.

A method according to claim 2 including the steps of
forming the oscillator, and the "ring" of switches

therefore, on an electronic chip.

A method according to claims 1, 2 or 3 characterised in
that the predetermined pulse length for the oscillator is
set for the oscillator whilst the oscillator is in the
detonator circuit.

A method according to claims 1, 2, 3 or 4 characterised by
the steps of selecting the oscillator to produce square
wave pulses.

A method according to claims 1, 2, 3 or 4 characterised by
the steps of selecting the oscillator to produce saw-tooth
pulses, with the leading edge of each pulse substantially
vertical.
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A method according to claims 1, 2, 3 or 4 characterised by
the steps of selecting the oscillator to produce saw-tooth
pulses, with the trailing edge of each pulse substantially
vertical.

Apparatus for setting a delay for firing a detonator after
receipt of a firing signal, said apparatus 1nc1ud1ng a
circuit for the detonator, an oscillator in the circuit for
the detonator, and means for adjusting the oscillator to
produce pulses of a predetermined pulse length.

Apparatus according to claim 8 characterised in that the
oscillator comprises a so-called "ring" oscillator, and
wherein the length of each predetermined oscillator pulse
is determined by the successive operation of a plurality of
switches.
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