
US 20080302264A1 

(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2008/0302264 A1 

Hummel et al. (43) Pub. Date: Dec. 11, 2008 

(54) 

(75) 

(73) 

(21) 

(22) 

(86) 

WIRELESS DETONATOR ASSEMBLY, AND 
METHODS OF BLASTING 

Inventors: Dirk Hummel, Hennef (DE); 
Michael John McCann, Chadds 
Ford, PA (US); Ronald F. Stewart, 
Navan (CA) 

Correspondence Address: 
BIRCH STEWART KOLASCH & BIRCH 
PO BOX 747 
FALLS CHURCH, VA 22040-0747 (US) 

Assignee: Orica Explosives Technology Pty 
Ltd., Melbourne (AU) 

Appl. No.: 11/885,516 

PCT Filed: Mar. 17, 2006 

PCT No.: PCT/AU2006/000345 

§ 371 (0X1), 
(2), (4) Date: Jun. 4, 2008 

Providing blasting 
apparatus 

Related US. Application Data 

(60) Provisional application No. 60/662,806, ?led on Mar. 
18, 2005. 

Publication Classi?cation 

(51) Int. Cl. 
F42D 1/05 (2006.01) 

(52) US. Cl. ...................................................... .. 102/215 

(57) ABSTRACT 

A Wireless detonator assembly (10) forblasting arrangements 
comprising a detonator With a base charge (18), command 
signal receiving (11) and processing means (12), a charge 
storage device (13) With a ?ring circuit (15) for storing elec 
trical energy, at least one poWer source (14) to poWer said 
command signal receiving (11) and processing means (12), 
and to charge said charge storage device (13), each of said at 
least one poWer source (14) capable of supplying a maximum 
voltage or current that is less than a threshold voltage or 
current to actuate said base charge (18), and said base charge 
(18) actuating if a voltage or current in the ?ring circuit (15) 
resulting from discharge of the electrical energy from said 
charge storage device (13) exceeds said threshold voltage or 
current. 
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WIRELESS DETONATOR ASSEMBLY, AND 
METHODS OF BLASTING 

FIELD OF THE INVENTION 

[0001] The invention relates to the ?eld of Wireless detona 
tor assemblies, and methods of blasting employing such 
assemblies. In particular, the invention relates to detonator 
assemblies that are substantially free of physical connections 
With an associated blasting machine, and to improvements in 
the safety of such Wireless detonator assemblies. 

BACKGROUND TO THE INVENTION 

[0002] In mining operations, the ef?cient fragmentation 
and breaking of rock by means of explosive charges demands 
considerable skill and expertise. In most mining operations 
explosive charges are planted in appropriate quantities at 
predetermined positions Within the rock. The explosive 
charges are then actuated via detonators having predeter 
mined time delays, thereby providing a desired pattern of 
blasting and rock fragmentation. Traditionally, signals are 
transmitted to the detonators from an associated blasting 
machine via non-electric systems employing loW energy 
detonating cord (LEDC) or shock tube. Alternatively, electri 
cal Wires may be used to transmit more sophisticated signals 
to and from electronic detonators. For example, such signal 
ing may include ARM, DI SARM, and delay time instructions 
for remote programming of the detonator ?ring sequence. 
Moreover, as a security feature, detonators may store ?ring 
codes and respond to ARM and FIRE signals only upon 
receipt of matching ?ring codes from the blasting machine. 
Electronic detonators can be programmed With time delays 
With an accuracy of 1 ms or less. 

[0003] The establishment of a Wired blasting arrangement 
involves the correct positioning of explosive charges Within 
boreholes in the rock, and the proper connection of Wires 
betWeen an associated blasting machine and the detonators. 
The process is often labour intensive and highly dependent 
upon the accuracy and conscientiousness of the blast opera 
tor. Importantly, the blast operator must ensure that the deto 
nators are in proper signal transmission relationship With a 
blasting machine, in such a manner that the blasting machine 
at least can transmit command signals to control each deto 
nator, and in turn actuate each explosive charge. Inadequate 
connections betWeen components of the blasting arrange 
ment can lead to loss of communication betWeen blasting 
machines and detonators, and therefore increased safety con 
cerns. Signi?cant care is required to ensure that the Wires run 
betWeen the detonators and an associated blasting machine 
Without disruption, snagging, damage or other interference 
that could prevent proper control and operation of the deto 
nator via the attached blasting machine. 
[0004] Wireless detonator systems offer the potential for 
circumventing these problems, thereby improving safety at 
the blast site. By avoiding the use of physical connections 
(e.g. electrical Wires, shock tubes, LEDC, or optical cables) 
betWeen detonators, and other components at the blast site 
(e. g. blasting machines) the possibility of improper set-up of 
the blasting arrangement is reduced. Another advantage of 
Wireless detonators relates to facilitation of automated estab 
lishment of the explosive charges and associated detonators at 
the blast site. This may include, for example, automated deto 
nator loading in boreholes, and automated association of a 
corresponding detonator With each explosive charge, for 
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example involving robotic systems. This Would provide dra 
matic improvements in blast site safety since blast operators 
Would be able to set up the blasting array from entirely remote 
locations. HoWever, such systems present formidable techno 
logical challenges, many of Which remain unresolved. One 
obstacle to automation is the dif?culty of robotic manipula 
tion and handling of detonators at the blast site, particularly 
Where the detonators require tieing-in or other forms of hook 
up to electrical Wires, shock tubes or the like. Wireless deto 
nators and corresponding Wireless detonator systems may 
help to circumvent such di?iculties, and are clearly more 
amenable to application With automated mining operations. 
[0005] HoWever, the development of Wireless blasting sys 
tems presents neW challenges With regard to safety issues. In 
one example, each Wireless detonator assembly must include 
some form of communication means to alloW the receipt, and 
processing by the Wireless detonator assembly of command 
signals (e.g. ARM, DISARM, FIRE signals etc.) received 
Wirelessly from an associated blasting machine, and option 
ally the transmission of signals (eg including status infor 
mation, ?ring codes, delay times etc.) back to an associated 
blasting machine. For this purpose, each Wireless detonator 
assembly must include some form of independent poWer 
supply (an “operating poWer supply”) suf?cient to poWer the 
signal receiving, processing, and transmission components of 
the assembly. HoWever, the presence of the operating poWer 
supply itself presents an inherent risk of inadvertent detonator 
actuation resulting from accidental or inappropriate applica 
tion of the operating electrical poWer to the ?ring circuitry. 
This problem is recogniZed in the art, and several systems 
have previously been developed to reduce the risk of inad 
vertent detonator actuation. 

[0006] For example, US. Pat. No. 5,038,682 issued Aug. 
13, 1991 discloses a remote controllable electronic detonator 
and a method of detonating an explosive charge. The detona 
tor comprises an antenna, a RF receiver, an energy storage 
capacitor, a sWitch, a delay time circuit and a fuse. The 
method comprises the steps of transmitting to the detonator, 
by means of a transmitter, a Wave comprising a carrier ampli 
tude modulated by a loW frequency modulating signal, receiv 
ing the Wave and utiliZing energy in the Wave to charge a 
capacitor, enabling the sWitch by increasing the frequency of 
the modulating signal and communicating, by means of the 
Wave, a ?re command signal to the detonator. After a prede 
termined time delay, the sWitch connects the capacitor to the 
fuse thereby to energiZe the fuse. 
[0007] In another example, International Patent Publica 
tion WO2003/029748, published Apr. 10, 2003, discloses a 
blasting system comprising a Wireless link betWeen a blast 
controller and a plurality of electronic detonators. Each deto 
nator comprises a respective electronic initiator and an explo 
sive charge. Charge storage devices of the initiators are 
chargeable by a carrier of a ?rst signal having a ?rst frequency 
in the order of 400 MHZ-500 MHZ and Which is broadcasted 
by the blast controller. Each initiator further comprises logic 
circuitry driven by a clock signal Which is derived from the 
?rst signal and having a clock frequency of about 4 kHZ, 
Which is substantially less than the ?rst frequency. 
[0008] Progress has been made in the development Wireless 
detonator assemblies With internal safety features. Nonethe 
less, existing Wireless blasting systems still present signi? 
cant safety concerns, and improvements are required if Wire 
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less blasting systems are to become a more viable alternative 
to traditional “Wired” blasting systems. 

SUMMARY OF THE INVENTION 

[0009] It is an object of the present invention, at least in 
preferred embodiments, to provide an assembly comprising a 
detonator or detonator assembly that is capable of Wireless 
communication With an associated blasting machine. 
[0010] It is another object of the present invention, at least 
in preferred embodiments, to provide a detonator or detonator 
assembly in Which the risk of inadvertent activation of the 
?ring circuit, and actuation of the base charge is essentially 
eliminated. 
[0011] It is yet another object of the present invention, at 
least in preferred embodiments, to provide a method for Wire 
less communication With a detonator, including an option to 
?re the detonator, Where the risk of inadvertent detonator 
actuation is substantially eliminated. 
[0012] The inventors have succeeded in the development of 
a Wireless detonator assembly for use in mining operations, 
the Wireless detonator assembly being capable of communi 
cation With a corresponding blasting machine and including 
features that substantially avoid the risk of accidental deto 
nator actuation resulting from inappropriate use of operating 
poWer for communications. In this Way, a blast operator 
Working at a blast site can position explosive charges, asso 
ciate Wireless detonator assemblies of the invention With the 
explosive charges and move aWay from the blasting site, 
Without the need to establish and lay a multitude of Wired 
connections betWeen the components of the blasting system. 
Not only does this reduce the time and cost of the blasting 
operation, but the safety of the overall system is improved. 
[0013] In one preferred embodiment, the invention 
includes a Wireless detonator assembly comprising a small 
poWer source of su?icient strength to poWer Wireless com 
munications circuitry, but insu?icient strength to cause actua 
tion of the base charge of the detonator via the ?ring circuitry. 
The assembly may further comprise a charge storage device 
or other form of voltage multiplier that may be charged by the 
operating poWer supply, the charge stored therein being dis 
charged to the ?ring circuitry only in response to a ?re signal. 
[0014] In a ?rst aspect of the present invention there is 
provided a Wireless detonator assembly for use in connection 
With a blasting machine that transmits at least one Wireless 
command signal to the Wireless detonator assembly, the Wire 
less detonator assembly comprising: 
[0015] a detonator comprising a base charge; 
[0016] command signal receiving and processing means 
for receiving and processing the at least one Wireless com 
mand signal from the blasting machine; 
[0017] a charge storage device for storing electrical energy; 
[0018] at least one poWer source to poWer the command 
signal receiving and processing means, and to charge the 
charge storage device, each of the at least one poWer source 
capable of supplying a maximum voltage or current that is 
less than a threshold voltage or current to actuate the base 
charge; and 
[0019] a ?ring circuit in electrical connection With the 
charge storage device; Whereupon receipt by the command 
signal receiving and processing means of a command signal 
to FIRE causes the electrical energy stored in the charge 
storage device to discharge into the ?ring circuit, the base 
charge actuating if a voltage or current in the ?ring circuit 

Dec. 11,2008 

resulting from discharge of the electrical energy from the 
charge storage device exceeds the threshold voltage or cur 
rent. 

[0020] Preferably, the base charge actuates in response to a 
signal to FIRE only if the electric current in the ?ring circuit 
is at least 20% greater than a threshold current for ?ring. 
[0021] Preferably, the Wireless detonator assembly further 
comprises a ?ring sWitch betWeen the charge storage device 
and the base charge, as part of or in series With the ?ring 
circuit, the ?ring sWitch biased to an open position and 
sWitching to a closed position upon receipt by the command 
signal receiving and processing means of a signal to FIRE, 
thereby to cause the electrical energy to discharge from the 
charge storage device into the ?ring circuit, to actuate the base 
charge. 
[0022] Preferably, the Wireless detonator assembly further 
comprises a charging sWitch betWeen a poWer source and the 
charge storage device, the charging sWitch having an open 
position and a closed position, electrical contact being estab 
lished betWeen the poWer source and the charge storage 
device When the charging sWitch adopts the closed position, 
thereby to cause charging of the charge storage device. 
[0023] Preferably, the Wireless detonator assembly further 
comprises comprising a discharging means to bleed charge 
from the charge storage device via any path except for the 
?ring circuit. More preferably, the discharging means com 
prises an earth. 
[0024] In another aspect of the invention, the Wireless deto 
nator assembly further comprises: 
[0025] a charging sWitch betWeen the poWer source and the 
charge storage device, the charging sWitch having an open 
position and a closed position, electrical contact being estab 
lished betWeen the poWer source and the charge storage 
device When the charging sWitch adopts the closed position, 
thereby to cause charging of the charge storage device; and 
[0026] a discharging means to bleed charge from the charge 
storage device via any path except the ?ring circuit; 
Wherein the charging sWitch is biased toWards an open posi 
tion such that the charge storage device discharges via the 
discharging means, and receipt of at least one “keep alive” 
command signal by the command signal receiving and pro 
cessing means causes the charging sWitch to adopt a closed 
position, thereby to cause charging of the charge storage 
device. 
[0027] Preferably, the “keep alive” command signal com 
prises a continuous signal transmitted by the blasting 
machine, the charging sWitch adopting an open position upon 
removal of, or in the absence of the continuous signal: Alter 
natively, the “keep alive” command signal causes the charg 
ing sWitch to maintain a closed position for a time period 
folloWing receipt of the “keep alive” signal by the command 
signal receiving and processing means, the charging sWitch 
adopting an open position at the end of the time period unless 
the command signal receiving and processing means has 
received another “keep alive” signal from the blasting 
machine during the time period. Preferably, the blasting 
machine transmits a series of “keep alive” signals to maintain 
the charging sWitch in the closed position so that the charge 
storage device remains at least substantially charged, the base 
charge being actuatable by discharge of the electrical energy 
into the ?ring circuit upon receipt of a command signal to 
FIRE. 

[0028] Preferably, the discharging means is in electrical 
connection With the charging sWitch, such that When the 
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charging switch is in an open position the charge storage 
device is connected to the discharging means but is not con 
nected to the poWer supply thereby to cause bleeding of the 
charge in the charge storage device, and When the charging 
sWitch is in a closed position the charge storage device is 
connected to the poWer supply but is not connected to the 
discharging means thereby to cause charging of the charge 
storage device. 
[0029] Preferably, the charge storage device is selected 
from the group consisting of: a capacitor, diode, rechargeable 
battery or activatable battery. 
[0030] Preferably, the command signals are selected from 
the group consisting of: ARM signals, DISARM signals, 
FIRE signals, detonator delay times, and detonator ?ring 
codes. 

[0031] Preferably, the Wireless detonator assembly further 
comprises signal transmission means for generating and 
transmitting at least one communication signal for receipt by 
the blasting machine. More preferably, each communication 
signal comprises detonator delay times, detonator ?ring 
codes, or detonator status information. 

[0032] Preferably, the Wireless command signals comprise 
radio Waves, electromagnetic energy, or acoustic energy. 
More preferably, the Wireless command signals comprise 
ULF radio Waves. Preferably, the Wireless command signals 
comprise radio Waves having a frequency of from 100 to 2000 
HZ. More preferably, the Wireless command signals comprise 
radio Waves having a frequency of from 200 to 1200 HZ. 

[0033] Preferably, in use the base charge is located in a 
detonator shell doWn a borehole in association With an explo 
sive charge, and at least the signal receiving and processing 
means, the charge storage device, and the poWer supply are 
located at or near a surface of the ground. More preferably, at 
least the signal receiving and processing means, the charge 
storage device, and the poWer supply are located in a top-box 
at or near a surface of the ground. 

[0034] Preferably, the at least one poWer source comprises 
an active poWer source to provide poWer at least to the signal 
receiving and processing means, and an energy receiving 
means for receiving energy from a remote energy source, the 
energy receiving means transferring the energy to a convert 
ing means for converting the energy to electrical energy, the 
converting means providing the electrical energy to charge 
the charge storage device. 
[0035] Preferably, the remote energy source is a laser, the 
energy receiving means is a light capture device, and the 
converting means is a photodiode. 

[0036] In another aspect the present invention provides for 
a blasting apparatus comprising: 
[0037] at least one blasting machine capable of transmitting 
command signals to associated Wireless detonator assemblies 
via Wireless communications; 

[0038] 
[0039] at least one Wireless detonator assembly of the 
present invention associated With each explosive charge and 
in Wireless signal communication With the at least one blast 
ing machine. Preferably, the blasting apparatus further com 
prises a central command station, the central command sta 
tion transmitting command signals to the at least one blasting 
machine, the at least one blasting machine responding to the 
command signals or relaying the command signals to the at 
least one Wireless detonator assembly. 

at least one explosive charge; 
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[0040] In another aspect the present invention provides for 
a method of blasting at a blast site, the method comprising the 
steps of: 
[0041] providing a blasting system of the invention; 
[0042] placing a plurality of explosive charges at the blast 
site; 
[0043] associating a Wireless detonator assembly With each 
explosive charge such that actuation of each base charge Will 
cause actuation of each associated explosive charge; 
[0044] transmitting at least one “keep alive” command sig 
nal from the at least one blasting machine to each Wireless 
detonator assembly, to cause each charging sWitch of each 
Wireless detonator assembly to adopt a closed position, 
thereby to charge each charge storage device; 
[0045] transmitting a FIRE signal from the at least one 
blasting machine to each Wireless detonator assembly, to 
cause discharge of electrical energy from each charge storage 
device into each ?ring circuit, thereby causing actuation of 
each base charge. 
[0046] Preferably, in accordance With the methods of the 
invention, the command signals further comprise delay times 
for each detonator, thereby to cause the detonators to ?re in a 
speci?c timing pattern. 
[0047] Preferably, in accordance With the methods of the 
invention, each detonator comprises a stored ?ring code, and 
the command signals further comprise ?ring codes, each 
detonator ?ring only if a stored ?ring code and a ?ring code 
from a command signal correspond. 
[0048] In another aspect of the invention there is provided a 
use of the Wireless detonator assembly or blasting apparatus 
of the present invention, in a mining operation. Preferably, the 
mining operation is an automated mining operation compris 
ing robotic placement of explosive charges and Wireless deto 
nator assemblies at the blast site. 
[0049] In another aspect there is provided a Wireless deto 
nator assembly for use in connection With a blasting machine 
that transmits at least one Wireless command signal to the 
Wireless detonator assembly, the Wireless detonator assembly 
comprising: 
[0050] a detonator comprising a base charge; 
[0051] command signal receiving and processing means 
for receiving and processing said at least one Wireless com 
mand signal from said blasting machine; 
[0052] a charge storage device for storing electrical energy 
[0053] at least one poWer source to poWer said command 
signal receiving and processing means, and to charge said 
charge storage device, each of said at least one poWer source 
capable of supplying a maximum voltage or current that is 
less than a threshold voltage or current to actuate said base 
charge; 
[0054] a ?ring circuit in electrical connection With said 
base charge; 
[0055] a charging sWitch betWeen a charging poWer source 
and the charge storage device, said charging sWitch having an 
open position and a closed position, electrical contact being 
established betWeen said poWer source and said charge stor 
age device When said charging sWitch adopts said closed 
position, thereby to cause charging of said charge storage 
device; and 
[0056] a discharging means to bleed charge from said 
charge storage device via any path except for said ?ring 
circuit, the discharging means being in electrical connection 
With the charging sWitch, such that When the charging sWitch 
is in an open position the charge storage device is connected 
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to the discharging means but is not connected to the power 
supply thereby to cause bleeding of the charge in the charge 
storage device, and upon receipt by said command signal 
receiving and processing means of at least one “keep alive” 
command signal, said charging sWitch adopting a closedposi 
tion such that the charge storage device is connected to the 
poWer supply but is not connected to the discharging means 
thereby to cause charging of the charge storage device; 
Whereupon receipt by said command signal receiving and 
processing means of a command signal to FIRE said electri 
cal energy stored in said charge storage device is discharged 
into said ?ring circuit, said base charge actuating if a voltage 
or current in said ?ring circuit resulting from discharge of said 
electrical energy from said charge storage device exceeds said 
threshold voltage or current. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0057] FIG. 1 schematically illustrates one preferred 
embodiment of a Wireless detonator assembly of the inven 
tion. 
[0058] FIG. 2 schematically illustrates one preferred 
embodiment of a Wireless detonator assembly of the inven 
tion. 
[0059] FIG. 3 schematically illustrates one preferred 
embodiment of a Wireless detonator assembly of the inven 
tion. 
[0060] FIG. 4 schematically illustrates one preferred 
embodiment of a Wireless detonator assembly of the inven 
tion. 
[0061] FIG. 5 is a How chart diagram of one preferred 
embodiment of a method for blasting using a Wireless deto 
nator assembly of and blasting system of the invention. 

DEFINITIONS 

[0062] Active poWer source: refers to any poWer source that 
can provide a continuous or constant supply of electrical 
energy. This de?nition encompasses devices that direct cur 
rent such as a battery or a device that provides a direct or 
alternating current. Typically, an active poWer source pro 
vides poWer to a command signal receiving and/ or processing 
means, to permit reliable reception and interpretation of com 
mand signals derived from a blasting machine. 
Automated/automatic blasting event: encompasses all meth 
ods and blasting systems that are amenable to establishment 
via remote means for example employing robotic systems at 
the blast site. In this Way, blast operators may set up a blasting 
system, including an array of detonators and explosive 
charges, at the blast site from a remote location, and control 
the robotic systems to set-up the blasting system Without need 
to be in the vicinity of the blast site. 
Base charge: refers to any discrete portion of explosive mate 
rial in the proximity of other components of the detonator and 
associated With those components in a manner that alloWs the 
explosive material to actuate upon receipt of appropriate sig 
nals from the other components. The base charge may be 
retained Within the main casing of a detonator, or alternatively 
may be located nearby the main casing of a detonator. The 
base charge may be used to deliver output poWer to an exter 
nal explosives charge to initiate the external explosives 
charge. 
Blasting machine: refers to any device that is capable of being 
in signal communication With electronic detonators, for 
example to send ARM, DISARM, and FIRE signals to the 
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detonators, and/ or to program the detonators With delay times 
and/or ?ring codes. The blasting machine may also be 
capable of receiving information such as delay times or ?ring 
codes from the detonators directly, or this may be achieved 
via an intermediate device such as a logger to collect detona 
tor information and transfer the information to the blasting 
machine. 

Central command station: refers to any device that transmits 
signals via radio-transmission or by direct connection, to one 
or more blasting machines. The transmitted signals may be 
encoded, or encrypted. Typically, the central blasting station 
permits radio communication With multiple blasting 
machines from a location remote from the blast site. 

Charge/charging: refers to a process of supplying electrical 
poWer from a poWer supply to a charge storage device, With 
the aim of increasing an amount of electrical charge stored by 
the charge storage device. As desired in preferred embodi 
ments, the charge in the charge storage device may surpass a 
threshold suf?ciently high such that discharging of the charge 
storage device via a ?ring circuit causes actuation of a base 
charge associated With the ?ring circuit. 
Charge storage device: refers to any device capable of storing 
electrical charge. Such a device may include, for example, a 
capacitor, diode, rechargeable battery or activatable battery. 
At least in preferred embodiments, the potential difference of 
electrical energy used to charge the charge storage device is 
less or signi?cantly less than the potential difference of the 
electrical energy upon discharge of the charge storage device 
into a ?ring circuit. In this Way, the charge storage device may 
act as a voltage multiplier, Wherein the device enables the 
generation of a voltage that exceeds a predetermined thresh 
old voltage to cause actuation of a base charge connected to 
the ?ring circuit. 
Clock: encompasses any clock suitable for use in connection 
With a Wireless detonator assembly and blasting system of the 
invention, for example to time delay times for detonator 
actuation during a blasting event. In particularly preferred 
embodiments, the term clock relates to a crystal clock, for 
example comprising an oscillating quartz crystal of the type 
that is Well knoW, for example in conventional quartz Watches 
and timing devices. Crystal clocks may provide particularly 
accurate timing in accordance With preferred aspects of the 
invention, and their fragile nature may in part be overcome by 
the teachings of the present application. 
Electromagnetic energy: encompasses energy of all Wave 
lengths found in the electromagnetic spectra. This includes 
Wavelengths of the electromagnetic spectrum division of 
y-rays, X-rays, ultraviolet, visible, infrared, microWave, and 
radio Waves including UHF, VHF, Short Wave, Medium 
Wave, Long Wave, VLF and ULF. Preferred embodiments use 
Wavelengths found in radio, visible or microWave division of 
the electromagnetic spectrum. 
Forms of energy: In accordance With the present invention, 
“forms” of energy may take any form appropriate for Wireless 
communication and/or Wireless charging of the detonators. 
For example, such forms of energy may include, but are not 
limited to, electromagnetic energy including light, infrared, 
radio Waves (including ULF), and microWaves, or altema 
tively make take some other form such as electromagnetic 
induction or acoustic energy. In addition, “forms” of energy 
may pertain to the same type of energy (e.g. light, infrared, 
radio Waves, microWaves etc.) but involve different Wave 
lengths or frequencies of the energy. 
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“Keep alive” signal: refers to any signal originating from a 
blasting machine and transmitted to a Wireless detonator 
assembly, either directly or indirectly (eg via other compo 
nents or relayed via other Wireless detonator assemblies), that 
causes a charge storage device of the Wireless detonator 
assembly to be charged by a poWer source and/or to retain 
charge already stored therein. In this Way, the charge storage 
device retains su?icient charge so that upon receipt of a signal 
to FIRE, the charge is discharged into the ?ring circuit to 
cause a base charge associated With the ?ring circuit to be 
actuated. The “keep alive” signal may comprise any form of 
suitable energy identi?ed herein. Moreover, the “keep alive” 
signal may be a constant signal, such that the Wireless deto 
nator assembly is primed to FIRE at any time over the dura 
tion of the signal in response to an appropriate FIRE signal. 
Alternatively, the “keep alive” signal may comprise a single 
signal to prime the Wireless detonator assembly to FIRE at 
any time during a predetermined time period in response to a 
signal to FIRE. In this Way, the Wireless detonator assembly 
may retain a suitable status for ?ring upon receipt of a series 
of temporally spaced “keep alive” signals. 
Logging device: includes any device suitable for recording 
information With regard to a detonator at the blast site. Pref 
erably, the logging device may also record additional infor 
mation such as, for example, identi?cation codes for each 
detonator, information regarding the environment of the deto 
nator, the nature of the explosive charge in connection With 
the detonator etc. In selected embodiments, a logging device 
may form an integral part of a blasting machine, or alterna 
tively may pertain to a distinct device such as for example, a 
portable programmable unit comprising memory means for 
storing data relating to each detonator, and preferably means 
to transfer this data to a central command station or one or 
more blasting machines. One principal function of the log 
ging device, is to read the detonator/assembly ID so that the 
detonator can be “found” by an associated blasting machine, 
and have commands such as FIRE commands directed to it as 
appropriate. 
Micro-nuclear poWer source: refers to any poWer source suit 
able for poWering the operating circuitry, communications 
circuitry, or ?ring circuitry of a detonator or Wireless detona 
tor assembly according to the present invention. The nature of 
the nuclear material in the device is variable and may include, 
for example, a tritium based battery. 
Passive poWer source: includes any electrical source of poWer 
that does not provide poWer on a continuous basis, but rather 
provides poWer When induced to do so via external stimulus. 
Such poWer sources include, but are not limited to, a diode, a 
capacitor, a rechargeable battery, or an activatable battery. 
Preferably, a passive poWer source is a poWer source that may 
be charged and discharged With ease according to received 
energy and other signals. Most preferably the passive poWer 
source is a capacitor. 

PoWer supply (Without recitation of the poWer source being 
an ‘active poWer source’ or a ‘passive poWer source’): refers 
to a poWer supply that is capable of supplying a fairly constant 
supply of electrical poWer, or at least can provide electrical 
poWer as and When required by connected components. For 
example, such poWer supplies may include but are not limited 
to a battery. 

Preferably: identi?es preferred features of the invention. 
Unless otherWise speci?ed, the term preferably refers to pre 
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ferred features of the broadest embodiments of the invention, 
as de?ned for example by the independent claims, and other 
inventions disclosed herein. 
Top-box: refers to any device forming part of a Wireless 
detonator assembly that is adapted for location at or near the 
surface of the ground When the Wireless detonator assembly is 
in use at a blast site in association With a bore-hole and 
explosive charge located therein. Top-boxes are typically 
located above-ground or at least in a position in, at or near the 
borehole that is more suited to receipt and transmission of 
Wireless signals, and for relaying these signals to the detona 
tor doWn the borehole. In preferred embodiments, each top 
box comprises one or more selected components of the Wire 
less detonator assembly of the present invention. 
Wireless: refers to there being no physical Wires (such as 
electrical Wires, shock tubes, LEDC, or optical cables) con 
necting the detonator of the invention or components thereof 
to an associated blasting machine or poWer source. 
Wireless detonator assembly: In general the expression 
“Wireless detonator assembly” encompasses a detonator, 
mo st preferably an electronic detonator (typically comprising 
at least a detonator shell and a base charge) as Well as means 
to cause actuation of the base charge upon receipt by said 
Wireless detonator assembly of a signal to FIRE from at least 
one associated blasting machine. For example, such means to 
cause actuation may include signal receiving means, signal 
processing means, and a ?ring circuit to be activated in the 
event of a receipt of a FIRE signal. Preferred components of 
the Wireless detonator assembly may further include means to 
transmit information regarding the assembly to other assem 
blies or to a blasting machine, or means to relay Wireless 
signals to other components of the blasting apparatus. Other 
preferred components of a Wireless detonator assembly Will 
become apparent from the speci?cation as a Whole. The 
expression “Wireless detonator assembly” may in very spe 
ci?c embodiments pertain simply to a Wireless signal relay 
device, Without any association to a detonator unit. In such 
embodiments, such relay devices may form Wireless trunk 
lines for simply relaying Wireless signals to and from blasting 
machines, Whereas other Wireless detonator assemblies in 
communication With the relay devices may comprise all the 
usual features of a Wireless detonator assembly, including a 
detonator for actuation thereof, in effect forming Wireless 
branch lines in the Wireless netWork. A Wireless detonator 
assembly may further include a top-box as de?ned herein, for 
retaining speci?c components of the assembly aWay from an 
underground portion of the assembly during operation, and 
for location in a position better suited for receipt of Wireless 
signals derived for example from a blasting machine or 
relayed by another Wireless detonator assembly. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0063] Wireless blasting systems help circumvent the need 
for complex Wiring systems at the blast site, and associated 
risks of improper placement, association and connection of 
the components of the blasting system. HoWever, the devel 
opment of Wireless communications systems for blasting 
operations has presented signi?cant neW challenges for the 
industry, including neW safety issues. 
[0064] Through careful investigation, the inventors have 
determined that the Wireless detonators and blasting systems 
of the prior art are problematic With regard to inadvertent or 
accidental actuation of the detonators. Rapid and accurate 
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communication between a blasting machine, and associated 
detonators presents a dif?cult challenge, regardless of the 
nature of the Wireless communication systems. One of the 
most important signals that must be properly and accurately 
processed by a Wireless detonator is the signal to FIRE. Fail 
ure of the communication systems to ?re detonators on com 
mand, or improper detonator actuation at any other time, can 
result in a signi?cant risk of serious injury or death for those 
blast operators Working at the blast site. Therefore, preven 
tion of inadvertent or accidental detonator actuation is of 
paramount importance to blasting operations. 
[0065] The present invention provides a Wireless detonator 
assembly, a corresponding blasting apparatus comprising the 
Wireless detonator assembly, and a method involving the 
Wireless detonator assembly. The Wireless detonator assem 
bly of the present invention utiliZes a combination of compo 
nents to provide a Way to substantially avoid inadvertent 
detonator actuation. In a particularly preferred feature, the 
Wireless detonator assembly of the invention involves the use 
of a poWer source of suf?cient poWer to operate the command 
signal receiving and processing circuitry of the assembly, but 
of insu?icient poWer to accidentally activate the ?ring cir 
cuitry, or actuate the base charge. In this Way, Wireless com 
munication by an associated blasting machine With the Wire 
less detonator assembly, for example to communicate ARM, 
DISARM, or FIRE signals, as Well as delay times and ?ring 
codes, Will substantially avoid inadvertent detonator ?ring 
since the intrinsic nature of the detonator is to be in a “safe 
mode”. 

[0066] The Wireless detonator assembly of the invention 
generally comprises a detonator comprising a base charge; 
command signal receiving and processing means for receiv 
ing and processing at least one Wireless command signal from 
an associated blasting machine; a charge storage device for 
storing electrical energy; at least one poWer source to poWer 
said command signal receiving and processing means, and to 
charge said charge storage device; and a ?ring circuit in 
electrical connection With said charge storage device. Upon 
receipt of a signal to FIRE from an associated blasting 
machine, electrical energy stored in the charge storage device 
discharges into the ?ring circuit to generate an electric current 
in the ?ring circuit, thereby to actuate the base charge. 
[0067] One embodiment of the invention is illustrated in 
FIG. 1. The detonator assembly shoWn generally at 10 com 
prises a command signal receiving means 11 and a command 
signal processing means 12. The receiving and processing 
means may take the form of individual unitary devices, or 
may comprise a single device for signal reception and pro 
cessing. The nature of the receiving means Will depend upon 
the nature of the incoming Wireless command signal from the 
blasting machine. For example if the Wireless command sig 
nals are transmitted as radio Waves from the blasting machine 
then the receiving means may include some form of RF 
antennae. Alternatively if the Wireless command signal from 
the blasting machine includes some form of electromagnetic 
energy such as laser light, then the receiving means may 
comprise some form of light capture device. In any event, the 
Wireless detonator assembly is responsive to signals received 
and processed by the receiving means 11, and the processing 
means 12. 

[0068] The Wireless detonator assembly 10 further com 
prises a charge storage device 13 suitable for storing electrical 
charge and releasing the stored electrical charge as required. 
The charge storage device 13 may take the form of any suit 
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able device capable of being charged by the application 
thereto of an electric current, and capable of being discharged 
in response to a suitable signal, as Will become apparent 
beloW. In the embodiment illustrated in FIG. 1, the charge 
storage device 13 is in electrical connection With a poWer 
supply 14, such that the poWer supply 14 is suitable for 
charging the charge storage device 13, and retaining the 
charge storage device in a charged or substantially charged 
state. 

[0069] SWitch 16 is located betWeen charge storage device 
13 and ?ring circuit 15, Which includes base charge 18. In 
other embodiments, sWitch 16 may form part of ?ring circuit 
15 to achieve a similar effect. Signal processing means 12 
controls the sWitch 16 to determine Whether sWitch 16 adopts 
an open state, in Which no electrical connection exists 
betWeen the charge storage device 13 and the base charge 18. 
HoWever, upon receipt by the receiving means of a Wireless 
command signal to FIRE, the signal processing means 12 
provides an electrical signal to cause sWitch 16 to close, 
thereby establishing electrical connection betWeen charge 
storage device 13 and base charge 18. As a result, the charge 
in charge storage device 13 is discharged into the ?ring circuit 
15, and if the resulting electric current or voltage in the ?ring 
circuit is suf?ciently high, the base charge is induced to 
actuate. 

[0070] FIG. 1 also illustrates a particularly preferred 
embodiment of the invention, Which involves the use of a 
top-box 19. Typically, a top box is a unit for containing 
selected components of the Wireless detonator assembly and 
retaining those components at or near a surface of the ground 
When the Wireless detonator assembly is in use at a blast site 
in association With a bore-hole and explosive charge located 
therein. Top-boxes are typically located above-ground or at 
least in a position in, at or near the borehole that is more suited 
to receipt and transmission of Wireless signals, and for relay 
ing these signals to the detonator doWn the borehole. In pre 
ferred embodiments, each top-box comprises one or more 
selected components of the Wireless detonator assembly of 
the present invention. Moreover, use of a top-box alloWs for 
sensitive components (eg clock components) to be retained 
aWay from the bore-hole, and explosive charge contained 
therein. 

[0071] In FIG. 1, the poWer supply 14 is shoWn to supply 
poWer to three components, namely the signal receiving 
means 11, the signal processing means 12, and the charge 
storage device 13. In this Way, the poWer supply may com 
prise a voltage suf?cient to poWer the communications 
devices 11 and 12 of the Wireless detonator assembly, and 
suf?cient to supply charge to the charge storage device. HoW 
ever, the poWer supply 14 has a voltage insu?icient to cause 
actuation of the base charge, under circumstances Where the 
poWer supply is somehoW accidentally or inadvertently in 
direct contact With the ?ring circuit. In this Way, the base 
charge can actuate only in response to a voltage that is higher 
than a predetermined threshold voltage, and the threshold 
voltage is higher than any voltage that can be supplied by the 
poWer supply. In effect, the charge storage device 13 func 
tions as a voltage multiplier. By accepting electrical energy 
supplied by the poWer supply, temporarily storing this energy, 
and discharging the energy into the ?ring circuit in response 
to a FIRE signal, the charge storage device can supply a 
voltage or current to the ?ring circuit that exceeds the thresh 
old voltage or current for actuation of the base charge. 
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[0072] In the embodiment illustrated in FIG. 1, and indeed 
in any of the embodiments described herein, the power supply 
14 may supply power only to the communications compo 
nents 11, 12 of the Wireless detonator assembly. A separate 
poWer supply (not shoWn) may be used to provide poWer to 
the charge storage device. This separate poWer supply may 
form an integral component of the Wireless detonator assem 
bly, and for example may take the form of a battery. 

[0073] Alternatively, the separate poWer supply may com 
prise an external source of poWer that supplies energy for 
charging the charge storage device from a location remote 
from the Wireless detonator assembly. For example, appli 
cant’s co-pending U.S. patent application 60/ 623,941, ?led 
Nov. 2, 2004 Which is incorporated herein by reference, dis 
closes a Wireless detonator assembly, a corresponding blast 
ing system, and a method of use thereof, that involves the use 
of intrinsically safe detonators that may be ‘poWered-up’ or 
‘charged’ by a remote source of energy that is entirely distinct 
from the energy used by the Wireless detonator assembly for 
general command signal communications. The Wireless deto 
nator assemblies may further include an active poWer source 

for supplying suf?cient poWer for Wireless communications, 
but insu?icient poWer to cause accidental actuation of the 
base charge of the detonator. In this Way, the Wireless deto 
nator assemblies are poWered by tWo entirely distinct forms 
of energy, one form (e. g. radio Waves) for general communi 
cations, and another form (eg light energy, Which is con 
verted to electrical energy by components of the Wireless 
detonator assembly) for providing electrical energy to the 
?ring circuit. 
[0074] In preferred embodiments the present invention 
may be used in conjunction With the technology taught in Us. 
patent application 60/623,941. For example, as illustrated in 
FIG. 2, the Wireless detonator assembly of the present inven 
tion may include an active poWer source 25 suitable for pro 
viding poWer to the signal receiving means 11 and the signal 
processing means 12. In addition, the Wireless detonator 
assembly may include an energy receiving means 26 for 
Wirelessly receiving another form of energy (i.e. a form of 
energy that is different to the energy of the active poWer 
source) transmitted by a remote energy source 27; and con 
verting means 28 for converting the other form of energy 
received by the energy receiving means to electrical energy. 
In this embodiment, the charge storage device 13 is in elec 
trical connection With the converting means 28 and is capable 
of being charged by electrical energy derived from the con 
verting means. Typically, the voltage of electrical energy 
derived from the converting means Will be insu?icient to 
cause accidental actuation of the base charge. In other 
respects, the embodiment illustrated in FIG. 2 is similar to 
FIG. 1, in that upon receipt of a command signal to FIRE by 
said command signal receiving means electrical energy 
stored in the charge storage device is discharged into the ?ring 
circuit thereby to actuate the base charge. The use of an 
external poWer source to charge up the charge storage device, 
and effectively ‘prime’ the Wireless detonator assembly for 
actuation of the base charge, has been illustrated With com 
parative reference to FIG. 1. HoWever, the technology dis 
closed in Us. patent application 60/623,941 may be applied 
to any of the embodiments of the present invention speci? 
cally described herein, and other embodiments that are Within 
the scope of the invention. 

Dec. 11,2008 

[0075] Turning noW to FIG. 3, there is illustrated an 
embodiment of the invention that is similar to the embodi 
ment illustrated by FIG. 1. HoWever, tWo preferred features 
have been added. Firstly, a charging sWitch 20 has been added 
betWeen the poWer supply 14 and the charge storage device 
13. When the charging sWitch 20 adopts an open position, no 
electrical contact exists betWeen the poWer supply and the 
charge storage device. Upon transmission by an associated 
blasting machine of a “keep alive” signal, and receipt of the 
“keep alive” signal by the signal receiving means 11, the 
signal processing means 12 causes the charging sWitch 20 to 
close, thereby establishing electrical contact betWeen the 
poWer supply 14 and the charge storage device 13. This in turn 
causes the charge storage device to become charged and/or 
remain charged to a degree suitable for actuation of the base 
upon receipt by the Wireless detonator assembly of a signal to 
FIRE. The “keep alive” signal may be a constant signal, such 
that the Wireless detonator assembly is primed to FIRE at any 
time over the duration of the signal in response to an appro 
priate FIRE signal. Alternatively, the “keep alive” signal may 
comprise a single signal to prime the Wireless detonator 
assembly to FIRE at any time during a predetermined time 
period in response to a signal to FIRE. In this Way, the Wire 
less detonator assembly may retain a suitable status for ?ring 
upon receipt of a series of temporally spaced “keep alive” 
signals. 
[0076] The second preferred feature illustrated in FIG. 3 is 
the discharging means 21. As illustrated, the discharging 
means has a simple direct link to the charge storage device 13, 
and bleeds charge from the charge storage device via a route 
other than the ?ring circuit. If charging sWitch 20 adopts an 
open position, no electrical energy is transferred from the 
poWer supply 14 to the charge storage device 13, resulting in 
a reduction over time of the amount of charge stored by the 
charge storage device. If the discharge from the charge stor 
age device is suf?ciently great, the charge storage device may 
hold insuf?cient charge to cause actuation of the base charge, 
even upon receipt of a signal to FIRE from an associated 
blasting machine. In this Way, the absence of a “keep alive” 
signal from the blasting machine causes discharge of the 
charge storage device, and the Wireless detonator assembly 
thereby adopts a safe mode, in Which actuation of the base 
charge is substantially avoided, even in the presence of other 
in?uences that might cause inadvertent or accidental actua 
tion of the base charge (e. g. an errant signal to FIRE, electro 
static interference, improper direction of energy from the 
poWer supply). 
[0077] The discharging means 21 may take any form that 
achieves a reduction of charge in the charge storage device, 
providing that the charge is dissipated by some route other 
than via the ?ring circuit. In selected embodiments the dis 
charging means may take the form of an earth. The rate of 
discharge via the discharging means may be varied according 
to operational circumstances. For example, a sloW rate of 
discharge may be suitable Where circumstances require the 
Wireless detonator assembly to maintain a primed or charged 
state for ?ring over an extended period folloWing receipt by 
the Wireless detonator assembly of a “keep alive” signal. On 
the other hand, it may be desirable to have each Wireless 
detonator assembly rapidly default to a safe mode in the 
absence of, or upon WithdraWal of, a “keep alive” signal, for 
example so that the blast site can be rapidly accessed and the 
blasting arrangement modi?ed. Under these circumstances, it 
may be desirable to use a discharging means that achieves 
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rapid discharge of the charge storage device so that the Wire 
less detonator assembly adopts a safe mode With minimal 
delay. 
[0078] Although an earth (ground) is illustrated in FIG. 3, 
any form of discharging means may be used in accordance 
With the present invention to continuously or selectively bleed 
charge from the passive poWer source, for example through 
bleed resistors or the like. For this reason, a “leaky” capacitor 
or other charge storage device is also encompassed by the 
expression “discharging means” merely by virtue of its 
charge leakiness. Another alternative Would include a short 
ing sWitch and associated circuitry that is activated if the 
“keep active” signal is not received, for example Within a 
certain time interval. 

[0079] Deactivation of the blasting apparatus may also be 
achieved via alternative routes to bleeding of the passive 
poWer source. For example, the blasting apparatus may 
include sWitching to electrically isolate any one or more of the 
passive poWer source, active poWer source, fuse head, ?ring 
circuit or any other component of the blasting apparatus. This 
approach may, at least in selected embodiments, be used in 
combination With a discharging means, leaky capacitor or the 
equivalent. 
[0080] A variant of the embodiment illustrated in FIG. 3, is 
shoWn in FIG. 4. This embodiment includes substantially the 
same components previously described. HoWever, the com 
ponents are arranged in a different manor to achieve further 
advantages. Speci?cally, the discharging means 21, instead of 
being connected directly to the charge storage device 13 is 
connected indirectly to the charge storage device via charging 
sWitch 20. When the charging sWitch 20 adopts an open 
position an electrical connection exists betWeen the charge 
storage device 13 and the discharging means 21. HoWever, in 
contrast to the embodiment in FIG. 3, When the charging 
sWitch is in an open position the poWer supply 14 is not 
connected to the charge storage device. In this Way, the dis 
charging means can discharge the charge storage device With 
out Working against the poWer supply. When the Wireless 
detonator assembly responds to a “keep alive” signal from an 
associated blasting machine, the charging sWitch closes 
resulting in a loss of electrical connection betWeen the charge 
storage device and the discharging means, and establishment 
of an electrical connection betWeen the charge storage device 
and the poWer supply 14. In this Way, the charge storage 
device is charged by the poWer supply Without simultaneous 
bleeding of charge by the discharging means. As a result the 
charging and discharging of the charge storage device is more 
e?icient and rapid compared With the embodiment illustrated 
in FIG. 3. Moreover, in the embodiment illustrated in FIG. 3 
it is necessary for the rate of charging by the poWer supply 14 
to exceed the rate of discharging by the discharging means 
When the charging sWitch 20 is in the closed position, other 
Wise the charge storage means 13 Would not be charged in 
response to a “keep alive” signal. This is not required in the 
embodiment illustrated in FIG. 4, since charging Will occur 
When the charging sWitch 20 is in the closed position, even if 
the rate of charging by the poWer supply (When the charging 
sWitch is in the closed position) is generally less than the rate 
of discharging by the discharging means (When the charging 
sWitch is in the open position). 
[0081] In other embodiments, the invention provides for a 
blasting apparatus comprising at least one Wireless detonator 
assembly of the invention together With other units and 
devices necessary to conduct a blasting event at a blast site. 
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For example, such additional units or devices may include, 
but are not limited to: at least one blasting machine capable of 
receiving command signals from a central command station, 
and transferring said command signals to associated Wireless 
detonator assemblies via Wireless communications; and at 
least one explosive charge each suitable for association With 
a base charge of a Wireless detonator assembly. Preferably, 
the blasting apparatus may further include a central command 
station for transmitting command signals to each blasting 
machine, Whereupon each blasting machine may act upon the 
command signals, and/or relay the command signals to the at 
least one Wireless detonator assembly. 

[0082] The present invention also encompasses the use of 
the Wireless detonator assemblies described herein, as part of 
a netWork of Wireless detonator assemblies and at least one 
blasting machine, as described for example in Us. patent 
application 60/646,3l2 ?led Jan. 24, 2005, Which is incorpo 
rated herein by reference. This previous application teaches 
blasting apparatuses, and methods for their use, that employ a 
netWork of blasting machines and Wireless detonator assem 
blies, each Wireless detonator assembly capable of Wireless 
communication not only With the blasting machine(s), but 
also With other Wireless detonator assemblies, so that those 
Wireless detonator assemblies (and associated components) 
that are “blind” to communication With the blasting machines 
can remain functional in the blasting netWork. For example, 
in one speci?c embodiment, U.S. patent application 60/646, 
312 discloses a blasting apparatus for fragmentation of rock 
by timed actuation of a plurality of explosive charges each set 
in a borehole in the rock, the blasting apparatus comprising: at 
least one blasting machine for transmitting at least one Wire 
less command signal; and a plurality of Wireless detonator 
assemblies, at lease some of Which are Within range to receive 
said at least one Wireless signal from said at least one blasting 
machine, each Wireless detonator assembly associated With a 
corresponding explosive charge for causing actuation thereof 
upon transmission of a FIRE signal by an associated blasting 
machine, each Wireless detonator assembly comprising: 

[0083] 
[0084] (b) Wireless signal receiving means, for receiving 

at least one Wireless signal, each Wireless signal trans 
mitted from either a blasting machine or another nearby 
Wireless detonator assembly; 

[0085] (c) Wireless signal processing means for deter 
mining an action required by said Wireless detonator 
assembly in response to each Wireless signal received by 
(b), and Whether to relay said Wireless signal to another 
Wireless detonator assembly and/ or to a blasting 
machine; and (d) Wireless signal transmitting means for 
transmitting said at least one Wireless signal as required 
by (C); 

Whereby the Wireless detonator assemblies form a cross-com 
municating netWork of Wireless detonator assemblies, each 
either in direct communication With said at least one blasting 
machine, or in indirect communication With said at least one 
blasting machine via relay of Wireless signals to or from said 
at least one blasting machine via one or more nodes in the 
netWork, each node comprising a Wireless detonator assem 
bly. It is Within the scope of the present application to encom 
pass blasting apparatuses of the type disclosed in Us. appli 
cation 60/ 646,312 that employ the Wireless detonator 
assemblies of the present invention to form the cross-com 
municating netWork. 

(a) a base charge; 
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[0086] With reference to FIG. 5, the invention also provides 
for a method of blasting at a blast site, the method comprising 
the steps of: providing in step 50 a blasting apparatus of the 
present invention; in step 51 placing a plurality of explosive 
charges at the blast site; in step 52 associating a Wireless 
detonator assembly With each explosive charge such that 
actuation of each base charge Will cause actuation of each 
associated explosive charge; in step 53 transmitting at least 
one “keep alive” command signal from said at least one 
blasting machine to each Wireless detonator assembly, such 
that each charging sWitch of each Wireless detonator assem 
bly adopts a closed position, thereby to charge each charge 
storage device; in step 54 transmitting a FIRE signal from 
said at least one blasting machine to each Wireless detonator 
assembly, to cause discharge of electrical energy from each 
charge storage device into each ?ring circuit, thereby causing 
actuation of each base charge. In preferred embodiments the 
command signals may further comprise delay times for each 
detonator, thereby to cause the detonators to ?re in a speci?c 
timing pattern. In further preferred embodiments each deto 
nator may comprise a stored ?ring code, and the command 
signals may further comprise ?ring codes, each detonator 
?ring only if a stored ?ring code and a ?ring code from a 
command signal correspond. 
[0087] The present invention also provides for the use of 
any Wireless detonator assembly of any embodiment of the 
invention, in a mining operation. In preferred embodiments, 
the mining operation is an automated mining operation com 
prising robotic placement of explosive charges and Wireless 
detonator assemblies at the blast site. 

[0088] Whilst the invention has been described With refer 
ence to speci?c embodiments of the Wireless detonator 
assemblies, blasting systems, and methods of blasting of the 
present invention, a person of skill in the art Would recogniZe 
that other Wireless detonator assemblies, blasting systems, 
and methods of blasting that have not been speci?cally 
described Would nonetheless lie Within the spirit of the inven 
tion. It is intended to encompass all such embodiments Within 
the scope of the appended claims. 

1. A Wireless detonator assembly for use in connection With 
a blasting machine that transmits at least one Wireless com 
mand signal to the Wireless detonator assembly, the Wireless 
detonator assembly comprising: a detonator comprising a 
base charge; command signal receiving and processing 
means for receiving and processing said at least one Wireless 
command signal from said blasting machine; a charge storage 
device for storing electrical energy; at least one poWer source 
to poWer said command signal receiving and processing 
means, and to charge said charge storage device, each of said 
at least one poWer source capable of supplying a maximum 
voltage or current that is less than a threshold voltage or 
current to actuate said base charge; and a ?ring circuit in 
electrical connection With said charge storage device; Where 
upon receipt by said command signal receiving and process 
ing means of a command signal to FIRE causes said electrical 
energy stored in said charge storage device to discharge into 
said ?ring circuit, said base charge actuating if a voltage or 
current in said ?ring circuit resulting from discharge of said 
electrical energy from said charge storage device exceeds said 
threshold voltage or current. 
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2. The Wireless detonator assembly of claim 1, Wherein 
said base charge actuates in response to a signal to FIRE only 
if said electrical current in said ?ring circuit is at least 20% 
greater than a threshold current for ?ring. 

3. The Wireless detonator assembly of claim 1, further 
comprising a ?ring sWitch betWeen the charge storage device 
and the base charge, as part of or in series With the ?ring 
circuit, the ?ring sWitch biased to an open position and 
sWitching to a closed position upon receipt by said command 
signal receiving and processing means of a signal to FIRE, 
thereby to cause said electrical energy to discharge from said 
charge storage device into said ?ring circuit, to actuate said 
base charge. 

4. The Wireless detonator assembly of claim 1, further 
comprising a charging sWitch betWeen a poWer source and the 
charge storage device, said charging sWitch having an open 
position and a closed position, electrical contact being estab 
lished betWeen said poWer source and said charge storage 
device When said charging sWitch adopts said closed position, 
thereby to cause charging of said charge storage device. 

5. The Wireless detonator assembly of claim 1, further 
comprising a discharging means to bleed charge from said 
charge storage device via any path except for said ?ring 
circuit. 

6. The Wireless detonator assembly of claim 5, Wherein 
said discharging means comprises an earth. 

7. The Wireless detonator assembly of claim 1, said Wire 
less detonator assembly further comprising: a charging 
sWitch betWeen the poWer source and the charge storage 
device, said charging sWitch having an open position and a 
closed position, electrical contact being established betWeen 
said poWer source and said charge storage device When said 
charging sWitch adopts said closed position, thereby to cause 
charging of said charge storage device; and a discharging 
means to bleed charge from said charge storage device via any 
path except for said ?ring circuit; Wherein said charging 
sWitch is biased toWards an open position such that said 
charge storage device discharges via said discharging means, 
and receipt of at least one “keep alive” command signal by 
said command signal receiving and processing means causes 
said charging sWitch to adopt a closed position, thereby to 
cause charging of said charge storage device. 

8. The Wireless detonator assembly of claim 7, Wherein 
said “keep alive” command signal comprises a continuous 
signal transmitted by said blasting machine, said charging 

sWitch adopting an open position upon removal of, or in the 
absence of said continuous signal. 

9. The Wireless detonator assembly of claim 7, Wherein 
said “keep alive” command signal causes said charging 
sWitch to maintain a closed position for a time period folloW 
ing receipt of said “keep alive” signal by said command signal 
receiving and processing means, said charging sWitch adopt 
ing an open position at the end of said time period unless said 
command signal receiving and processing means has 
received another “keep alive” signal from said blasting 
machine during said time period. 

10. The Wireless detonator assembly of claim 9, Wherein 
said blasting machine transmits a series of “keep alive” sig 
nals to maintain said charging sWitch in said closed position 
so that the charge storage device remains at least substantially 
charged, said base charge being actuatable by discharge of 
said electrical energy into said ?ring circuit upon receipt of a 
command signal to FIRE. 
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11. The Wireless detonator assembly of claim 7, wherein 
the discharging means is in electrical connection With the 
charging sWitch, such that When the charging sWitch is in an 
open position the charge storage device is connected to the 
discharging means but is not connected to the poWer supply 
thereby to cause bleeding of the charge in the charge storage 
device, and When the charging sWitch is in a closed position 
the charge storage device is connected to the poWer supply but 
is not connected to the discharging means thereby to cause 
charging of the charge storage device. 

12. The Wireless detonator assembly of claim 1, Wherein 
the charge storage device is selected from the group consist 
ing of: a capacitor, diode, rechargeable battery or activatable 
battery. 

13. The Wireless detonator assembly of claim 1, Wherein 
the command signals are selected from the group consisting 
of: ARM signals, DISARM signals, FIRE signals, detonator 
delay times, and detonator ?ring codes. 

14. The Wireless detonator assembly of claim 1, further 
comprising signal transmission means for generating and 
transmitting at least one communication signal for receipt by 
the blasting machine. 

15. The Wireless detonator assembly of claim 14, Wherein 
each communication signal comprises detonator delay times, 
detonator ?ring codes, or detonator status information. 

16. The Wireless detonator assembly of claim 1, Wherein 
the Wireless command signals comprise radio Waves, electro 
magnetic energy, or acoustic energy. 

17. The Wireless detonator assembly of claim 16, Wherein 
the Wireless command signals comprise ULF radio Waves. 

18. The Wireless detonator assembly of claim 16, Wherein 
the Wireless command signals comprise radio Waves having a 
frequency of from 100 to 2000 HZ. 

19. The Wireless detonator assembly of claim 16, Wherein 
the Wireless command signals comprise radio Waves having a 
frequency of from 200 to 1200 HZ. 

20. The Wireless detonator assembly of claim 1, Wherein in 
use the base charge is located in a detonator shell doWn a 
borehole in association With an explosive charge, and at least 
said signal receiving and processing means, said charge stor 
age device, and said poWer supply are located at or near a 
surface of the ground. 

21. The Wireless detonator assembly of claim 20, Wherein 
at least said signal receiving and processing means, said 
charge storage device, and said poWer supply are located in a 
top-box at or near a surface of the ground. 

22. The Wireless detonator assembly of claim 1, Wherein 
said at least one poWer source comprises an active poWer 
source to provide poWer at least to said signal receiving and 
processing means, and an energy receiving means for receiv 
ing energy from a remote energy source, said energy receiv 
ing means transferring said energy to a converting means for 
converting said energy to electrical energy, said converting 
means providing said electrical energy to charge said charge 
storage device. 

23. The Wireless detonator assembly of claim 22, Wherein 
said remote energy source is a laser, said energy receiving 
means is a light capture device, and said converting means is 
a photodiode. 

24. A Wireless detonator assembly for use in connection 
With a blasting machine that transmits at least one Wireless 
command signal to the Wireless detonator assembly, the Wire 
less detonator assembly comprising: a detonator comprising a 
base charge; command signal receiving and processing 
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means for receiving and processing said at least one Wireless 
command signal from saidblasting machine; a charge storage 
device for storing electrical energy at least one poWer source 
to poWer said command signal receiving and processing 
means, and to charge said charge storage device, each of said 
at least one poWer source capable of supplying a maximum 
voltage or current that is less than a threshold voltage or 
current to actuate said base charge; a ?ring circuit in electrical 
connection With said base charge; a charging sWitch betWeen 
a charging poWer source and the charge storage device, said 
charging sWitch having an open position and a closed posi 
tion, electrical contact being established betWeen said poWer 
source and said charge storage device When said charging 
sWitch adopts said closed position, thereby to cause charging 
of said charge storage device; and a discharging means to 
bleed charge from said charge storage device via any path 
except for said ?ring circuit, the discharging means being in 
electrical connection With the charging sWitch, such that 
When the charging sWitch is in an open position the charge 

storage device is connected to the discharging means but is 
not connected to the poWer supply thereby to cause 
bleeding of the charge in the charge storage device, and 
upon receipt by said command signal receiving and pro 
cessing means of at least one “keep alive” command 
signal, said charging sWitch adopting a closed position 
such that the charge storage device is connected to the 
poWer supply but is not connected to the discharging 
means thereby to cause charging of the charge storage 
device; Whereupon receipt by said command signal 
receiving and processing means of a command signal to 
FIRE said electrical energy stored in said charge storage 
device is discharged into said ?ring circuit, said base 
charge actuating if a voltage or current in said ?ring 
circuit resulting from discharge of said electrical energy 
from said charge storage device exceeds said threshold 
voltage or current. 

25. A blasting apparatus comprising: at least one blasting 
machine capable of transmitting command signals to associ 
ated Wireless detonator assemblies via Wireless communica 
tions; at least one explosive charge; at least one Wireless 
detonator assembly of claim 1 associated With each explosive 
charge and in Wireless signal communication With said at 
least one blasting machine. 

26. The blasting apparatus of claim 25 further comprising 
a central command station, said central command station 
transmitting command signals to said at least one blasting 
machine, said at lease one blasting machine responding to 
said command signals or relaying said command signals to 
said at least one Wireless detonator assembly. 

27. A method of blasting at a blast site, the method com 
prising the steps of: providing a blasting system according to 
claim 25; placing a plurality of explosive charges at the blast 
site; associating a Wireless detonator assembly With each 
explosive charge such that actuation of each base charge Will 
cause actuation of each associated explosive charge; 

transmitting at least one “keep alive” command signal from 
said at least one blasting machine to each Wireless deto 
nator assembly, to cause each charging sWitch of each 
Wireless detonator assembly to adopt a closed position, 
thereby to charge each charge storage device; transmit 
ting a FIRE signal from said at least one blasting 
machine to each Wireless detonator assembly, to cause 
discharge of electrical energy from each charge storage 
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device into each ?ring circuit, thereby causing actuation 
of each base charge. 

28. The method according to claim 27, Wherein the com 
mand signals further comprise delay times for each detonator, 
thereby to cause the detonators to ?re in a speci?c timing 
pattern. 

29. The method according to claim 27, Wherein each deto 
nator comprises a stored ?ring code, and the command sig 
nals further comprise ?ring codes, each detonator ?ring only 
if a stored ?ring code and a ?ring code from a command 
signal correspond. 
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30. Use of the Wireless detonator assembly of claim 1, in a 
mining operation. 

31. Use of the blasting system of claim 25, in a mining 
operation. 

32. Use according to claim 30, Wherein the mining opera 
tion is an automated mining operation comprising robotic 
placement of explosive charges and Wireless detonator 
assemblies at the blast site. 

33. Any invention as described in claim 1. 

* * * * * 


