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@ Electronic system for sequential blasting.

@ This system consists of a multiprogrammable
electronic exploder-detonator set, which is able to
time a blasting and to establish a two-adress com-
munication providing full data about the detonator,
by using a two-wire FSK system of frequency modu-
lation. The electronically programmable blasting is
based on the connection in parallel of two wires in
order to achieve two or more different times for each
loop. The system includes different loops in order to
repeat or not to repeat the firing sequence. These
loops are started simultaneously with the firing order;
a cascade performance can he achieved, if neces-
sary, by means of programming. The system is
applicable to blastings in mining and similar ones.
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The invention consists of an electronic explod-
er-detonator system, which is sequential and mul-
tiprogrammable, designed to time a blasting in
such a way that its sequentiality enables different
times to be achieved in the same circuit, as well as
being applicable to sequent circuits in a reiterative
way.

The exploder itself shall command the explo-
sion sequence of several electronically delayed
detonators, connected in parallel by a two- wire
line; a distinctive feature being that the whole pro-
cess up to the final detonation is to be performed
by stages including specific actions such as safety
codes and control of each stage.

The detonator shall be provided with means of
protection against any unwanted electrical phenom-
enon.

Another remarkable feature is that both the
exploder and the detonator are provided with a
two-address communication system, enabling to
know the proper performance of each specific det-
onator as well as its connection in blasting.

Nowadays, retarded ignition with electric deto-
nators used in blasting, connected in series or in
parallel, is based on the burning of a pyrotechnic
composition. Due to this, precision of response
time is limited. Further, such detonators are not
customer-tailored to enable variations in burning
times; response times cannot be adjusted by the
user to optimum blasting conditions.

On the other hand, response time can be pro-
grammed in some electronic detonators currently
known, which enables blasting conditions to be
better adjusted to the features of the rock and
geometric structure to be blasted. However, almost
all the electronic detonators studied and analyzed
lack a two-address communication between ex-
ploder and detonator which ensures the proper
connection to the line and the correct performance
of the detonator. In the detonators which do pro-
vide it, this two-address communication is very
complex.

One of the most common types of blasting is
the so-called coyote-hole blasting. It requires deto-
nators o be placed in special arrangements, known
as burn cut, reverse burn cut, etc. Various car-
tridges with detonators with different response
times have to be primed. This is not possible with
electronic detonators, where just a single time can
be programmed for the whole line or circuit.

Frequently the number of detonators which are
used in a single blasting may be as large as one
wishes, since there is no frouble with the amounts
of explosive used, these problems being particu-
larly brought about by the environment. The indefi-
nite increase in the number of detonators demands
very large and costly stocks.
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The system herein referred to solves the above
problem by providing a sequentiality to the blast-
ing; that is, the blasting can be repeated in different
loops or connection lines so that each loop pro-
gramming is reiteratively repeated.

Further, this system is designed with a two-
wire fwo-address communication and with blasting
and sequentiality features enabling different times
to be programmed in the same blasting, as well as
the same or other programming to be sequentially
repeated on other blasting circuits which are con-
nected to the same exploder.

In regard to the exploder itself, it has been
designed to include the required components for
power supply and switching, as well as an intel-
ligent circuit based on a microprocessor, which by
means of a specific software developed for this
system, enables communication with the detona-
tors, as well as its control and the basic operations
of detonation and abortion. Communication is car-
ried out by means of a keyboard, the instructions
being displayed on an alphanumerical screen.

The communications system is supported by a
300 baud FSK frequency modulation system. The
FSK system has been chosen for the safety of the
data which can be transmitted, since there are only
two communication wires and the system should
be able to work in difficult environments, from the
communications point of view. A CRC is also in-
cluded, that is, a logical character which is added
to the instructions to check that commands are
properly received and transmitted.

The system performs individual communica-
tions, detonator by detonator, general instructions
being simultaneously generated.

The electronic detonator is made on a hybrid
circuit upon which a specific integrated circuit is
installed. Intelligence is provided by the latter,
which controls as well time and call and response
functions, giving fire or abort commands. The main
function of this specific integrated system is to act
as a precision and safety timer. Different delay
times can be programmed by a controlling central
unit.

To facilitate understanding of this invention fea-
tures, a detailed description shall be given, based
on the set of drawings which is enclosed with this
descriptive report and is an integral part of this. As
a general guidance only, the following has been
shown:

Figure 1 shows a diagram of the system.

Figure 2 shows a block diagram of the detonator
included in the system. lts main block is an
integrated circuit for specific application (ASIC).
In accordance with the invention, a detonator is
required for each explosive load to be activated,
these loads being able to be separately ac-
tivated.
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Figure 3 shows a block diagram of the above-

referred to ASIC circuit.

Figure 4 shows the diagram of the data receiver

in the ASIC circuit.

Figure 5 shows a block diagram of the emitter in

the ASIC circuit.

These figures show how the system is built on
a central control unit (1) which forms the exploder,
basically made up by a personal computer with its
power supply and a number of switches and con-
nectors (2).

From the central control unit (1) a bifilar line
(3) extends, which includes a series of branches
(3") in parallel, to which, in turn, a number of
detonators (4) are connected in parallel, with each
detonator causing an explosive load to set off, by
means of the central control unit (1).

Such central control unit (1) is provided with a
keyboard and display of instructions, on an al-
phanumerical screen, for programming the system.

The detonator (4) consists of one cell for sup-
ply stabilizing and rectifying (5), plus a protection
circuit (6) connected to an ASIC circuit (8) through
a condenser (7). This circuit (8) is connected to a
coding circuit (9), a firing circuit (10) and a switch-
ing circuit (12), the latter being in turn connected to
the condenser (7) and the firing circuit (10), which
is also connected to the pyrotechnic match (11),
which rules the explosion of the load.

Through the coding circuit (9) a code is as-
signed to the ASIC circuit (8), so that the latter is
identified by the said code, enabling each ASIC
circuit to be separately monitored from the central
unit (1) by programming the circuit.

The detonator (4) and the central unit (1) have
a two-address communication, so that the proper
performance of each detonator (4) can be checked,
as well as their programming. To this end, the said
ASIC circuit (8) is provided with one data receiver
(12) and one emitter (13), the block diagrams of
which are shown in figures 4 and 5.

The system operation is as follows:

The first operation is feeding the circuit. This is
done by means of one battery which is controlled
by a mechanical key. The central unit (1) then
requires the access code or PASSWORD to be
entered. Once the correct password has been en-
tered by using the keyboard, the central unit (1)
checks the battery status and shows whether it is
able to program the subsequent operations.

Communication is then established with the
line of detonators, according to the following se-
quence:

- The central control unit requests the line (3')
fo be programmed and asks how many deto-
nators (4) there are on that line (3').

- The same question is made for every line (3')
which is programmed; shift from one line fo
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another is made through a switch -- possibly
a mechanical switch - or by means of soft-
ware.

- Once the number of detonators (4) is found
out, the central unit (1) calls the register of
those already connected which are then dis-
played.

- This operation is carried out on every con-
nected line.

- Then the central unit (1) requests the type of
programming. The system has the ability to
program one or several times along the lines
(3"), since each detonator (4) is separate and
has its own identity after having been as-
signed a code. The system is able to syn-
chronize the detonators' (4) reference clocks
with the master clock in the central unit (1).

- Finally the correct connection of the circuit is
checked.

- If properly connected, the system requests
the load command and then the fire com-
mand. If the fire switch is started, detonators
(4) will carry out the programmed explosions,
without any possible stop, since by then the
said detonators (4) are isolated from the cen-
fral unit (1), which previously has assigned
explosion times to each detonator as pro-
grammed.

- After the load command, it is still possible to
disconnect the circuit by operating the switch
which will show "operation abortion”. Once
this command is given, the whole process
has to be reinitiated.

Once the central unit (1) has been discon-
nected from the detonators (4), the condenser (6)
takes over the function of feeding the ASIC circuit
(8), at the same time storing power enough as to
spark the pyrotechnic match (11), with the circuit
(8) acting on the switching circuit (12) whenever
the explosion is wanted to take place, according to
the time programmed in the central unit (1) and
reprogrammed by the central unit in each detonator
4).

The ASIC circuit is provided with a clock gen-
erator (14), the performance of which is based on
one RC circuit, its precision being thus limited.
Therefore a precision clock signal from the central
unit (1) is entered into the generator's (14) input
(16). In addition, the former sends a start counter
signal (IC) and an end of counter signal (FC). (IC)
starts the precision counter (15) and (FC) stops it
after a time controlled by the central unit (1), the
quartz clock of which is extremely accurate. Fol-
lowing the reading command (LC), the ASIC circuit
(8) answers through the emitter (13), sending the
time it has counted from (IC) up to (FC), so that the
central unit (1) can know the clock error generated
by the circuit (RC) of each detonator (4) and pro-
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gram a delay time adjusted in order to reach the
precision required to carry out the detonation in the
required time.

Time for each detonator (4) is programmed by
the time programming command. Delay time is a
value between 0 and 250 ms. The time an ASIC
circuit (8) takes to detonate is calculated by mul-
tiplying delay time by a multiplication factor which
is intrinsic to each detonator (4) and determined by
its address. This is the time elapsed from the
moment the detonation message is received until
actual detonation takes place.

To perform the above-quoted functions, the
data receiver (12), the input area of which (23) is
the communication line input, is connected to a
message decoder (17), the output of which de-
codes messages from the central unit (1). The
product of delay time is calculated by a coding
factor decoder (19), whilst delay time is stored in
one LATCH (18), which like the decoder (19), is
connected to a timer (20), from which real and
precise time is obtained for timing the explosion.
Therefore, its output area (21) controls the firing
circuit (10).

In figure 3, RL means line revision; PT means
time programming; DDT means to cause detona-
tion; ABORT means to abort the whole process to
reinitialize it.

The ASIC circuit is protected by an electronic
device which prevents any reset as well as protect-
ing it against any kind of signals which might
damage the circuit.

Communication between the central unit (1)
and detonators (4) is performed by FSK modula-
tion, at a 300 baud rate. FSK was selected because
of the safety of the data which can be transmitted,
since only one bifilar line is used (3-3") and the
system should be able to operate in environments
which are difficult from the point of view of commu-
nications.

For safety reasons, along with modulation and
frequency a Manchester code is emitted, acting as
another reference and control element to verify that
data sent and received are correct.

Along with the above data, the system is pro-
vided with a redundancy code, that is, a logical
character which is added to the instruction in order
to check that commands are properly sent and
received.

Therefore, the receiver (12) at the ASIC circuit
(8) receives as input (23') all data being generated
by the central unit (1). These data are decoded by
the FSK decoder (23), which is connected to a
Manchester decoder (24) where the above-quoted
code is obtained.

The redundancy code check is carried out on a
redundancy code check circuit (26) which is also
connected to the Manchester decoder (24), thus
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providing the data plus the redundancy code.

All these circuits (23, 24, 26) are connected to
the clock signal (14") provided by the clock gener-
ator (14) on the ASIC circuit.

The redundancy code check circuit (26) gen-
erates an output signal (26") showing the said code.

Further, the receiver is provided with a shift
register (25) which is connected to one LATCH
(27), which is in turn connected to the redundancy
code check circuit (26). lts output is applied to the
message decoder (17) and to the delayed time
LATCH (18).

The emitter (13) is also provided with a control
circuit (28) onto which signals RL, LF are applied,
as well as the input (15") pertaining to the precision
counter (15). This emitter (13) is provided as well
with a logical unit (29) controlling the generation of
the redundancy code in order to ensure a correct
communication between detonator (4) and central
control unit (1). This emitter (13) is also provided
with one redundancy code generator (30) and one
Manchester coder (31) where the said code is
coded. Thus all required functions are performed
and communication between detonators (4) and
central unit (1) is highly safe, in order o prevent
any accident.

Obviously, the emitter (13) is provided with a
FSK modulation generator (32), the output of which
(22) includes the required data to be sent to the
central unit (1). A two-address communication is
thus achieved, ensuring a higher system safety.

Claims

1. Electronic exploder-detonator system, similar
to those provided with a central control unit
(1), on which the detonation of the explosive
loads is programmed. As distinctive features,
this control unit (1) is connected to a bifilar line
(3) which is able to include several branches
(3") to which the detonators (4) are connected
in parallel. Each detonator is connected fo an
explosive load and to a decoding circuit (9),
which assigns an identification code to each
detonator. It is provided as well with a data
receiver (12) and emitter (13), to enable com-
munication and addressing between the var-
ious detonators (4) and the control unit (1),
ensuring its correct performance and allowing
the individual or collective programming of
each detonator (4).

2. Electronic exploder-detonator system, as in
claim 1st., characterized by the fact that the
detonator (4) is provided with a stabilizing and
rectifying circuit (5), which is connected to a
protection circuit (6). The latter is connected to
the specific application integrated circuit (8)
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through a condenser (7). This in turn is con-
nected to a pyrotechnic match (11) through the
firing circuit, which interfaces a switching cir-
cuit (12) monitored by the integrated circuit
(8), as well as being connected to the con- 5
denser (7). This enables disconnection from
the central unit (1), once the programming in
the integrated circuit (8) has been completed
and the firing command has been sent, thus
improving safety, with the integrated circuit (8) 10
being fed through the condenser (7), which
supplies the power required to the pyrotechnic
match (11), once the programmed time for the
explosion has elapsed.

15
Electronic exploder-detonator system, as in the
above-quoted claims, characterized by the fact
that the specific application integrated circuit
(8) is provided with a clock generator (14),
which basically consists of a RC circuit which 20
receives a precision clock signal from the cen-
tral unit (1), and is connected to a precision
counter (15), both being connected to the emit-
ter (13). This enables the central unit (1) to
send a counter start signal (IC) and a counter 25
end signal (FC). During this time, the precision
counter (15) counts the pulses being received
and sends them through the emitter (13) to the
central unit (1) so that the latter determines the
error of the clock generated by the clock gen- 30
erator (14), programming an adjusted delay
time and increasing precision. Detonators (4)
are designed to include a multiplication factor
detonator (19) and one LATCH for storing up
delay time (18), which are connected to a timer 35
(20), to be able to enter a delay time, deter-
mined by the time elapsed from the moment
the detonation message is received until actual
detonation takes place.

40
Electronic exploder-detonator system, as in the
above-quoted claims, characterized by the fact
that the emitter (13) in the integrated circuit (8)
is provided with a generator of FSK modulation
(32), whilst its data receiver (12) is provided 45
with a FSK modulation decoder (23), to enable
switching through FSK modulation from the
central unit (1) and the detonators (4). As a
distinctive feature, the receiver (12) includes a
Manchester decoder (24) and a redundancy 50
code check circuit (26); the emitter (13) in-
cludes a redundancy code generator (30) and
a Manchester coder (31), all this for the pur-
pose of verifying that data being sent and
received are correct. 55
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