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Claim
A testing circuit for testing the operability both of a load and of

a charge storage device incorporated into a main circuit and
being arranged to discharge into the load for detonation of the

load, the testing circuit comprising:

a) signal routing means for routing a test signal from a signal

generator for storage in the charge storage device;

b) discharge means for allowing the charge storage device to
provide a discharge signal through the load, the discharge
signal being derived from the test signal;

c) monitoring means for monitoring at least one of the

parameters of the discharge signal, and

d)  inhibiting means responsive to the monitoring means for
inhibiting operation of the main circuit in the event of at

least one of the monitored parameters falling outside

lii*/ﬁ
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predetermined limits, the limits being determined with

reference to the operability both of the load and of the

charge storage device.
8. A method of testing the operability both of a load and of a

charge storage device incorporated in a main circuit arranged to

discharge into the load, the method including the steps of

a)

b)

d)

generating a first test signal;

storing the first test signal in the charge storage device;

providing a discharge signal by allowing the charge storage

device to discharge via the load;

monitoring at least one of the parameters of the discharge

signal; and

inhibiting the operation of the circuit in the event of at
least one of the monitored parameters falling outside

predetermined limits.
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Invention title: "A TESTING CIRCUIT™

The following statement is a full description of this invention, including the best method
of performing it known to us.
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B ROUND OF INVENTION

THIS invention retates to a testing circuit for testing the operability of

a load and a charge storage device arranged to discharge into the load.

South African patent 90/7794 filed in the name of the applicant is
directed towards timing apparatus for activating a number of electronic
detonators at predetermined time intervals. The central control and
programming unit is linked to a series of the electronic detonators by
means of a bidirectional harness, which is arranged in a loop. In order
to ensure that spurious signals do not activate the detonators, a number
of safety features have been incorporated into the timing apparatus.
One such safety feature is the provision of separate logic and detonator
circuits having separate lines from the central controller. The logic
circuit is used to power up the detonator legic, and the separate
detonator circuit is used to energize a charge storage device, such as a
capacitor, just prior to initiation of the blasting sequence. By providing
separate circuits, the logic circuitry can be tested in full without danger

of the testing signals activating the electronic detonator circuit.

One disadvantage of the testing procedure described in South African
patent 90/7794 is that it does not extend to testing of the detonator
circuit, and especially the capacitor or the load.



Y OF THE INVENTION

According te a first aspect of the invention there is provided a testing
circuit for testing the operability both of a load and of a charge storage
device incorporated into a main circuit and being arranged to discharge
5 into the load for detonation of the load, the testing circuit comprising;

a) signal routing means for routing a test signal from a signal

generator for storage in the charge storage device;

b) discharge means for allowing the charge storage device to
provide a discharge signal through the load, the discharge

e, 'O signal being detived from the test signal;
:".‘.:' c) monitoring means for monitoring at least one of the
$ee parameters of the discharge signal, and

d) inhibiting means responsive to the monitoring means for
.‘ inhibiting operation of the main circuit in the event of at
e 1< least one of the monitored parameters falling outside
e op
i e predetermined limits, the limits being determined with
et reference to the operability both of the load and of the

charge storage device.
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Preferably, the monitoring means comprises a first switch which is
arranged to be operated by the discharge signal, the first switch having
an input for receiving a monitoring signal a ﬁredetermined time after the
test signal, and an output for delivering a discharge value signal in
response to the discharge signal falling below a threshold value which

operates the first switch.

Conveniently, the inhibiting means includes latching means for latching

the output from the first switch.

The discharge means typically includes a second switch connected along
a discharge path, and control means for controlling operation of the
second switch, the control means being arranged to open the second
switch once the testing circuit has operated, thereby preventing further

discharge of the charge storage device.

Advantageously, the monitoring means further includes timing means for
timing the time period beiween termination of the test signal and
generation of the discharge value signal, the time period being indicative
of the operability of the charge storage device and of the load.

The testing circuit typically is incorporated into an electronic detonator,
which is linked, together with similar detonators, to a central controller
via a harness. Both the test signal and the monitoring signal may be
generated at the controller and transmitted via respective separate

detonator power and logic power lines,
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According to a further aspect of the invention there is provided a
method of testing the operability both of a load and of a charge storage
device incorporated in a main circuit arranged to discharge into the load,

the method including the steps of
a) generating a first test signal;
b)  storing the first test signal in the charge storage device;

c) providing a discharge signal by allowing the charge storage

device to discharge via the load;

d)  monitoring at least one of the parameters of the discharge

signal; and

e)  inhibiting the operation of the circuit in the event of at
least one of the monitored parameters falling outside

predetermined limits.

Conveniently, the test signal is of such a magnitude and duration that it
is not capable of activating or detonating the load on discharging

through the load.

The parameters which are monitored are preferably timme and magnitude
parameters, and relate to the rate of discharge of the charge storage
device, the rate of discharge being a function of an RC time constant,
where C is the capacitance of the charge storage device and R includes

the resistance of the load.
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Conveniently, the method includes the steps of allowing the discharge
signals to operate a first switch, generating a monitoring signal as an
input to the first switch, a predetermined time after the first test signal,

and monitoring a discharge value signal as an output from the switch.

The main circuit typically forms part of an electronic detonator, and the
method conveniently includes the step of programming the electronic
detonator with timing signals from a remote controller in the event of
the monitored parameters falling within predetermined limits, charging
the charge storage device from the remote controller and allowing the

charge storage device to detonate the load.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows a schematic block diagram of an electronic
detonator;

Figure 2 shows -a simplified circuit diagram of a testing circuit of
the invention for testing components of the detonator of
Figure 1;

Figure 3 shows a more detailed circuit diagram of the testing circuit
of Figure 2;

Figure 4 shows a waveform diagram illustrating the sequence of the

operation of the circuits of Figures 2 and 3;
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Figure § shows a truth table indicating various fault conditions

which can arise.

DESCRIPTION OF THE EMBODIMENTS

In Figure 1, an electronic detonator 10 is illustrated. The electronic
detonator is similar to the delay devices described and illustrated in
South African patenf 90/7794. A harness comprises a detonator power
line 12, a logic power line 14, serially connected prog A and prog B lines
16 and 18 and a ground line 20, all of which interconnect the individual

electronic detonators 10.

The opposite ends of the harness terminate at a central controller which
provides timing, testing and powering up signals. As is clear from Figure
1, there are two indeperndent circuits, one being constituted by the logic
power line 14 and the prog A and prog B lines 16 and 18. The other
circuit is constituted by the detonator power line 12, with the ground line
20 being common to both circuits. The logic power line 14 is connected
via a diode 22 to logic circuitry 24 which forms the heart of the
electronic detonator. The prog A and prog B lines 16 and 18 are
arranged to deliver timing signals in serial form from the central
controller to the logic circuitry 24. The detonator power line 12 is only
powered up when the entire system is being armed just prior to final

detonation.
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The detonator power line 12 is arranged to charge an energy storage
device which is typically in the form of a 35V 100 k&F capacitor 26. The
capacitor 26 is in turn arranged to discharge through a load 30, which is
typically a one ohm series resistor made from a high resistance wire
compound which generates heat. The resistor is surrounded by a match-
head-type chemical compound which ignites on heating of the resistor,
thereby igniting the explosive compounds and detonating the main
charge. The logic circuitry 24 controls the operation of the switch 32,
closure of which will cause the capacitor 26 to discharge through the
load 30.

Once the logic circuitry has been programmed with timing signals by the
prog A and prog B line 16 and 18 and testing has taken place, the

detonator power line is raised so as to charge the capacitor 26.

Lowering of the detonator power line serves as a signal for the logic
circuitry 24 to commence timing. All the harness lines are isolated from
the central controller on lowering of the detonator power line, and the
logic circuitry is thereafter powered from the capacitor 26 via a diode 34.
Once the time period stored in the logic circuitry has counted down to
zero, a signal from the logic circuitry 24 closes the switch 32, thereby
causing the capacitor 26 to discharge into the load 30, so as to detonate

it.
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As the various electronic detonators are moved from one site to another,
underground vibrations and similar disturbances may cause the solder
connections which hold the load or anchor the capacitor 26 to vibrate
loose, thereby resulting in the electronic detonator not functioning
correctly or at all. In the electronic detonator which is being developed
by the applicant, reliabilities of one in ten thousand are being aimed at.
It is thus desirable to be able to test, prior to the blast, that the
capacitor and the load are functioning properly and are connected
correctly to the logic circuitry 24,

Referring now to Figures 2 and 4, before the logic power line 14 is
powered up, a test pulse 36 is routed from the central controller along
the detonator power line 12. The test pulse 36 has a duration of
approximately 0.1 second and a magnitude of 2 volts. Assuming that
the diode 28 is an ideal diode, the capacitor will charge up to 2 volts, as
is shown at 38. On termination of the test pulse 36, the capacitor will
discharge both through the load and through resistors 40 and 42 to
ground via a low power switch 44, which is in the closed position. The

discharge signal 46 is indicated at node 48.

Naturally, the rate of discharge will be a function of an RC time
constant, where C is the capacitance of the capacitor 26 and R is the
sum of the resistances of the load 30 and the resistors 40 and 42.

At a predetermined time S after the test pulse 36 has gone low, the logic
power line 14 is raised, as is shown at 50, thereby providing a monitoring

signal 51.
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In the event of the magnitude of the discharge voltage 46 still exceeding
the bias threshold of transistor 52 at node 53, the transistor 52 will
remain on and a capacitor value signal 54 ata capacitor value output
line 56 will stay low under influence of the earthed transistor 52.
However, as soon as the discharge signal falls to a voltage 58 which is
lower than the bias threshold at the base of the transistor 52, the
transistor 52 will turn off and the capacitor value signal 54 is raised at
60 by means of a pull-up resistor 62 to a voltage which corresponds to
the voltage on the logic line 14. The time T between termination of the
test pulse 36 and the raising of the capacitor value line 56 is
representative of the energy storing capabilities of the capacitor 26.
Should the capacitor have broken free, for instance, then the time T will
be extremely short. In the event of the load 30 having broken free, the
capacitor value line will be held permanently high as soon as the logic

power line is raised.

Referring now to Figure 3, the capacitor value line 56 is linked to the D-
input of a D-type flip-flop 64, which is used to sense the value of the
capacitor 26 and to provide a clock inhibit signal to a local oscillator in
the event of the load 30 or the capacitor 26 being faulty. The local
oscillator is an on-board oscillator which is used to generate & time

reference to calculate the timing delay prior to detonation.

The oscillator is a free running imprecise oscillator which is incorporated
into the logic circuitry 24. The frequency of the oscillator is fed back
to the central controller for calibration during the programming phase.
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In the event of a detonator being faulty, a reliable method of passing
this information on to the controller is to suppress the oscillator on start-
up, thereby not providing the necessary calibration signal and allowing
the controller to indicate to the operator which electronic detonator is

faulty.

Referring now to Figure 3 in conjunction with Figure 4, a short time
after the logic power line 14 is raised, the logic circuitry 24 generates a
power-on reset pulse 68 which sets all the logic circuits to a known state.
This also has the effect of resetting the D-type flip-flop 64 and a further
D-type flip-flop 70. A short time after the power-on reset pulse 68 has
been generated, a capacitor sense pulse 72 is generated by the logic
circuitry 24. The capacitor sense pulse 72 travels via capacitor sense line
74 which is linked to the clock inputs of the flip-flops 64 and 70. This
pulse 72 thus has the effect of strobing an inverted version of the
capacitor value signal on the capacitor value line 56 through to a clock
inhibit line 73 at the inverting output of the flip-flop 64. Should the
capacitor still have enough charge left to hold the transistor 52 on, the
capacitor value line 56 will still be low and the clock inhibit line will
remain high, as is shown at 74A, thereby enabling the oscillator to

continue operation.

However, in the event of the capacitor 26 being under-rated or the load
circuitry being broken, the capacitor value line 56 will already be high,
and this will have the effect of holding or toggling the clock inhibit
signal 74 to a low, as is indicated at 74B, which is then used to inhibit
the oscillator and to upset the handshaking procédure between the
electronic detonator 10 and the central controller.




[

.
L]

L]

*

. L]
EXE X

vaese

*e oee
.

. e .
.
[
* o
s seee =

ese one

eo0e 0000 &
e

L
e oo

(8]

S

a0

- 12 .

The lack of clock signals arriving at the central controller will indicate
to the central controller that a fault exists in respect of the electronic

detonator in question.

In order to allow for long operation of the detonator circuitry using the
energy stored in the capacitor 26, it is necessary to reduce the power
draining from the capacitor 26 to an absolute minimum after the testing
procedure. For this reason, the D-type flip-flop 70 is also toggled by
the capacitor sense line 74. The inverting output .of the flip-flop 70 is
connected to the base of the low power switch 44, which is in the form
of a transistor. Toggling of the flip-flop 70 will thus cause the transistor
44 to be turned off, thereby minimizing drainage through the resistors
40 and 42 when the circuit is not in use. Blocking diodes 78 and 80
prevent any high voltage from the detonator power line 12 from flowing
back into the logic power line 14. A pull-up resistor 82 ensures that the
capacitor value line 56 is pulled up to the voltage on the logic power

line 14 when one or both of the transistors 52 and 44 are off.

Figure 5 is a self-explanatory truth table indicating the different fault

* conditions which may arise in the capacitor and the load, and the effect

of these fault conditions on the clock inhibit line.

The fault protection circuitry may be incorporated into the integrated
circuits forming electronic detonators, thereby providing a means for
safely monitoring both the performance of the capacitor and of the load

~ before blasting takes place. This avoids the consequence of failure of

the electronic detonators by allowing for their timely replacement during

2§ testing process.
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Naturally, the testing or fault detection circuitry of the invention is not
confined for use in the particular timing apparatus, but may be used to
test the operation of any load and any capacitor which is arranged to
discharge into that load for the purposes of detonation or the like.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A testing circuit for testing the operability both of a load and of

a charge storage device incorporated into a main circuit and

being arranged to discharge into the load for detonation of the

load, the testing circuit comprising:

a)

b)

d)

signal routing means for routing a test signal from a signal

generator for storage in the charge storage device;

discharge means for allowing the charge storage device to
provide a discharge signal through the load, the discharge
signal being derived from the test signal;

monitoring means for monitoring at least one of the

parameters of the discharge signal, and

inhibiting means responsive to the monitoring means for -

inhibiting operation of the main eircuit in the event of at
least one of the monitored parameters falling outside
predetermined limits, the limits being determined with
reference to the operability both of the load and of the

charge storage device.
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A testing circuit according to claim 1 in which the monitoring
means comprises a first switch which is arranged to be operated
by the discharge signal, the first switch having an input for
receiving a monitoring signal a predetermined time after the test
signal, and an output for delivering a discharge value signal in
response to the discharge signal falling below a threshold value

which operates the first switch.

A testing circuit according to either one of the preceding claims
in which the inhibiting means includes latching means for latching

the output from the first switch.

A testihg circuit according to any one of the preceding claims in
which the discharge means includes a second switch connected
along a discharge path and control means for controlling
operation of the second switch, the control means being arranged
to open the second switch once the testing circuit has operated,

thereby preventing further discharge of the charge storage device.

A testing circuit according to any one of the preceding claims in
which the monitoring means further includes timing means for
timing the time period between termination of the test signal and
generation of the discharge value signal, the time period being
indicative of the operability both of the charge storage device and
of the load.
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6. A testing circuit according to any one of the preceding claims in
which at least part of the testing circuit is incorporated into an
electronic detonator, which is linked, together with similar

detonators, to a central controller via a harness.

7. A testing circuit according to claim 6 in which both the test signal
and the monitoring signal are generated at the controller and
transmitted via respective separate -detonator power and logic

power lines.

8. A method of testing the operability both of a load and of a
charge storage device incorporated in a main circuit arranged to

discharge into the load, the method including the steps of

L& O

feeet a) generating a first test signal;

g.f.:: b) storing the first test signal in the charge storage device;
©) providing a discharge signal by allowing the charge storage

‘f:é, device to discharge via the load;

:.‘ .‘é

eses, d) monitoring at least one of the parameters of the discharge

o signal; and

e e) inhibiting the operation of the circuit in the event of at

least one of the monitored parameters falling outside
predetermined limits.
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A method according to claim 8 in which the test signal is of such
a magnitude and duration that it is not capable of activating or
detonating the load on discharging through the load.

A method according to either one of claims 8 or 9 in which the
parameters which are monitored include waveform time and
magnitude parameters, and relate to the rate of discharge of the
charge storage device, the rate of discharge being a function of
an RC time constant, where C is the capacitance of the charge
storage device and R includes the resistance of the load.

A method according to any one of claims 8 to 10 which includes
the steps of allowing the discharge signal to operate a first switch,
generating a monitoring signal as an input to the first switch a
predetermined time after the first test signal, and monitoring a

discharge value signal as an output from the switch.

A method according to any one of claims 8 to 11 in which the
main circuit forms part of an electronic detonator, and which
includes the step of programming the electronic detonator with
timing signals from a remote controlier in the event of the
monitored parameters falling within predetermined limits,
charging the charge storage device from the remote controller,
and allowing the charge storage device to detonate the load.
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A testing circuit substantially as herein described and illustrated.

A method of testing the operability both of a load and of a
charge storage device substantially as herein described and

illustrated.

DATED this SIXTEENTH day of FEBRUARY 1994
CSIR

Patent Attorneys for the Applicant
SPRUSON & FERGUSON
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A Testing Circuit
ABSTRACT

A testing circuit is provided for testing the operability both of a
load (30) and of a capacitor (26) incorporated into a main detonator
circuit and arranged to discharge into the locad (30) for detonation
thereof. A test pulse (36) is generated at a central controller to which
a ring of detonators (10) is connected on a harness. The test pulse (36)
is routed via the harness for storage in the capacitor (26). A
controlled switch (32) 1is operated to allow the capacitor (26) to
discharge into the load (30). A transistor (52) 1is operated by the
discharge signal, the transistor (52) having an output for delivering a
discharge value signal in response to the discharge signal falling below
a threshold value. The discharge value signal is latched and is in turn
used to inhibit a local oscillator. The inhibited signal from the

15 oscillator is routed back to the controller so as to indicate a fault
either in the capacitor (26) or in the load (30).

Figure 2

8489T/CMS
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CAPACITOR LOAD CLOCK INHIBIT
CORRECT CONNECTED NOT INHIBITED
TOO SMALL CONNECTED INHIBITED
TOO LLARGE CONNECTED NOT INHIBITED
CORRECT NOT CONNECTED INHIBITED
TOO SMALL NOT CONNECTED INHIBITED
TOO LARGE NOT CONNECTED INHIBITED
SHORT CIRCUIT CONNECTED INHIBITED
OPEN CIRCUIT CONNECTED INHIBITED

FIG.5
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