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SYSTEM FOR INITIATION OF A DETONATABLE MATERIAL  Field of the Invention  S
The present invention relates to a controlled electromagnetic induction
detonation system for initiation of a dctonatable material, arid in
particular, but not exclusively for decoupled in-hole initiation of a
detonatable material. Baekground of the invention  10 Throughout this
specification arid claims the term "detonatable material" is used in a
broad and generic sense to include any initiating device such as an
electrical detonator, fuse, fusehead, electric match; and, any energetic
material such as explosive, propellant and the like. Explosives and
propcliants are used in the mining and construction industries in 15 many
different applications including tunnelling, stoping civil excavations and
boulder breaking. In order to initiate the explosive yr propellant some
type of detonator or fuse is required. The detonator or fuse in turn can he
set off either electrically or mechanically. The present invention is
concerned with the wireless electric initiation 20 of a detonator or fuse
or other energetic material. Most commonly, the initiating of an electric
detonator or fuse is accomplished by a physical conductor such as a wire
pair connected at one end to the detonator and at an opposite end to an
electric power supply via a switch When the switch is closed, current flows
through the wire to initiate the detonator or fuse. 26/04 '00 NED 11:18
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system can sometimes be: set off prematurely or accidentally "through the
induction; of electric currents in the conductors by stray electromagnetic
fields' or) through faults in the initiating electric circuit comprising
tile wires,` switch and power supply. ' . . , . . ~. . . , S Another
electric initiation system available under the brand nameMagne-Det is known
in which a pair of electric conductors that are attached to a detonator
extend through a coil through which a current flows. The current flowing
through the coil induces a current to flow through : the conductors which
in turn is used as the detonation ~ current. however this system is also
clearly prone to accidental or 10 , premature activation by picking up
stray electromagnetic fields. All of these initiation systems require
manual connection of the detonator to a source of initiation energy.
Summary of the )invention It is the object of the present invention to
provide a detonation system in w-which the 15 likelihood of accidental
initiation of a detonatable material is substantially reduced It is a
further object of the present invention to provide a system for wireless
noncontact initiation of a detonatable material. According to the first
aspect of the present invention there; is Provided a controlled
electromangetic induction detonation system for initiating a detonatable
material, the 20 system including: an automated radio charge (ARCII) module
for delivering an electric detonation current to a detonatable material,
said A,RCH module including a power circuit for extracting power by means
of electromagnetic induction from a electromagnetic field generated
remotely from the ARCH. module, the power 25 circuit providing operational
power for the ARC]-1 module and the electric detonation current, and means
for receiving and decoding radio transmitted control signals including a
FIRE code, the verified receipt of which causes be 26/04 '00 WED 11:18
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~ ~ - .Ir _ ( " ,:  ARCH module to deliver said current to and thereby
initiate the detonarable material. ( ' . . Preferably the means far
receiving and decoding the" control signal extracts the . . , _ . , . ~ .
-- . . _.. ~~~. . ,. - . . control signal from said,electromagnetic'field.~
' . ' 5 Preferably said control signal includes an ARM code and the means
for receiving, and decoding, upon receipt, decoding and verification of
said ARM code initiates a timer in Said ARCH module,. to time a
predetermined period in which said ARCH module  . ~ =. ~~: ' ' , ,.  ,
must-, receive decode and verify said FIRE code in order to deliver said
detonation current Lo the detonatable matetial, and in the absence of
which, said ARCH module 10 atutomatically shuts down for a second
predetermined Period. Preferably said ARCH module further includes an
output switch through which said electronic detonation current must flow in
order to initiate the detonatable material, said switch configured to
provide a short circuit output to  the detonatable material until receipt
and verification of said FIRE code, in which instance, said switch is 15
operated to remove said short circuit arid allow the electronic detonation
current to flow to the detonatable material. Preferably said system further
includes a transductor unit having a power supply-for supplying power to
electromagnetic field generating means for generating said electromagnetic
field and radio transceiver means for radio transmitting said control 20
signals to the ARCH module. Preferably said transducer unit further
includes means for impressing said control signals onto said
electromagnetic field so that said radio transceiver means transmits both
said electromagnetic field and said control signals to said ARCH module.
Preferably said transducer unit includes a mode switch switchable between a
LOCAL 25 mode and a REMOTE mode of operation, wherein in said LOCAL. mode
of aperation) a user can manually input instructions to said transducer
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Preferably said ~transducer unit includes, means for manual entry of
,instructions and a 5 timer means both 'operationally associated with said'
made switch whereby on switching said- mode switch to the LOCAL mode, a
user must enter via said entry means a valid identification number
recognised by said transducer unit within a predetermined period of time
timed ~ by said timer means in' order for further user instructions to be
acted upon by said transducer unit) and in the absence of the entry 10 of a
valid identification number within said time period said transducer unit
automatically shuts down so as to be non responsive to user input
instructions for a second period of time timed by said timer means.
Preferably said - transducer unit includes an ARM switch functional when
said transducer unit is in the LOCAL mode of operation which, when
activated causes 15 said electric field generating means to generate said
electromagnetic field. Preferably said transducor unit _ includes a FIRE
switch functional when said transducer unit is in the LOCAL mode of
operation and which when activated within a predetermined ti-me period
after activation of the ARM switch causes the transducer unit to transmit
the FIRE code to the ARCH module. 20 Preferably said system further
includes a stemming bar for stemming a hole in which said ARCH module and
detonator can be deposited and wherein said transducer unit includes a coil
for generating said electromagnetic field) said coil mounted on or in the
stemming bar so that lines of magnetic flux pass through the stemming bar
and l link with the power circuit to transfer operational power to the
ARCII module by 25 electromagnetic induction Advantageously the stemming
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further includes a remote controller 'unit by 'which a user can communicate
instruction to said transducer, unit from a location remote from said (. ,;
.,'- transducer, unit:' ~ ~ . ' ~ - . , ,  . . ., - ( . ' .., . . ~ '~.~ `
.~ . ' . ' ,.  ' Preferrably' said. remote controller unit includes means
for the manual entry of 5 instructions by which a user must enter a valid
identification number within a predetermined tune period in order for said
remote controller to establish a radio communication link with said :
transducer unit Although in an alternate embodiment the remote controller
can be key-switch.operated. , Preferably said remote controller unit
includes processor means for generating a 10 unique identification code
word which is continously transmitted until an acknowledgment signal is
received from said transuducor unit corresponding to said identification
code word, and wherein in the absence of receipt of Said acknowledge signal
within a predetermined time period said remote controller unit eaters a
RESET mode in which a user must once again enter a valid identification
number to IS reinitiate the establishment of the radio communication link
with, said transducer unit. Preferally said remote controller unit further
includes _ an..ARM s witch which a upon activation, when a radio
communication link has been established with said transducer unit, causes
the remote controller unit to transmit an ARM code to transductor unit upon
which said transducer unit generates said electromagnetic field 20 However
in an alters five embodiment the remote controller can be hard-wired to the
transducer unit. Preferably the ARM code is transmitted by said
remoteroller to said transducer unit is different to the ARMode sent by
said transducer unit to said ARCHdule. Preferably said transducer unit
sends lnowledbment signal to said mote 25 controller unit upon receipt of
the ARM code and said transducer unit thereafter initiates its timer means
to time a first period within which to receive a FIRE code from said remote
controller unit, wherein the absence of receipt of said FIRE code within
said first period said transducer unit automatically shuts down for a
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period of time. Preferably. said remote control 'iiait.;include's a -FIRE ~
switch, which, when activated causes rhe' remote control unit to,'transniit
a FIRE code to:.said transducer unit v~rhich .  4 .  . _ . _ . in turn upon
on verif ed receipt ~ Thereof retrangiziits`vthe ~ .FIRE coda to said. ARCH
' S module. Preferably the Fl~ code transmitted by the remote controller to
transducer unit is different to the FIRE code retransmitted by the
transducer .unit to the ARCH module. According to another aspect of the
present invention there is provided a controlled elecvomagnetic induction
detonation system for decouplcd in-hole initiation of an 10 dctonatable
material, said system including: an automated radio ch~-ge (ARCH) module
coupled to a detonatablc material and deposited in a hole~formed in a hard
material, the ARCH module having a power circuit for extracting by nraeans
of electromagnetic induction operational power from a remotely generated'
electromagnetic . field, the power circuit 15 providing operational power
for the ARCH module and arranged to generate a detonation current
deliverable to the detonatable material, and means for receiving and
decoding radio transmitted control signals including a I~TRE code, the
verified receipt of which causes delivery of the detonation current to the
detonatable material; 2U a stein~ng bar for stemming the hole in which the
energetic material and arch module are deposited; and, a transducer unit
for radio transmitting said control signals, said transdue<:r unit having a
coil for generating the electromagnetic field, the coil mounted on or in
the stemming bar so that lines of magnetic flux pass through the stemming
bar 25 and link with the power circuit to effect lhe; transfer of
operational power to the ARCH module by electromagnetic induction. 26/04
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. :', . 3 r/  . .. _ ( _ ' Brief Descri tion of the Drawings .,
An''embodioicnt~~of ~ the :present invention will, now . be desi:ribed:,
by, way of ~ e~.ampIe only with reference t4,the accompanying d_ rawings
ia' whiclr.'', ' ' . ~ . .,  - -  , . ' ' , Figure I ~ is a schematic
representation of one embodiment of the 5 controlled electromagnetic
induction detonation system for initiating, an energetic substance; Figure
2 Figure 3 Figure 4 10 Figures 5, 6 and 7 it a block diagram of a remote
controller of the system; is a block diagram of a transducc;r snit of the
system; is a block diagram of an automated radio charge module of .the
system; when joined end to and for a state diagram describing the ogeraunn
c~f the remote controller showci in Figure 2; Figures 8, 9 and 10 when
joined end to end form a stale; diagmn for the operation of the transducer
znoduie shown in Figure 3; and 15 Figure l I is a block diagram of a second
crrtbodiment of a transducer Y unit and remote controller. hetailed
Descriytion of the Preferred Embodiments From Figure 1 it can be seen than
one embodiment of the controlled electromagnetic induction detonation
system 10 includes dte following separate but inicr.~cti~lg 20 components:
a remote controller i2; a cransduc:c;r unit 1%+; a stemming bar 16; and, an
automated radio charge (ARCH) module 18, although as will be. apparen~ not
all of these components are necessary in every e~t~bodimeut of the
invention 26/04 '00 WED 11:18 [TX/RX n0 62971 A 011   28/04 '00 1I:33 FAX
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'. - , ..$_ - , . ,  When the system 1~0 is used foi in situ excavation or
fragmenting a boulder 22 a _hole 20 is, first drilled into the boulder 22.'
. The.ARCH module 18 together with a cvuplc;d detonator, 24 is ~apiulied :
tv .Lhe= boftoiii -of: the. hole'20~. ~by'. the: stemming bar 1 G. - The '
- - ' ( , ' , ~ .~ ; , . , ' . ., ARCH module' 18 is typieall~% spaced
from or otherwise. not directly attached, to tho~ -. ,-,r .. ~ ,A,:: ' -~'
, , .  5 praximat ~ enil o~ the stemming ,bay bj%7 an'` nit gap 26, Tti
-this way; tide ARCI-~ nnaduleI8 -is physically decoupled from the stemming
bar 16. The stemming bar 16 is dimensioned so that an end 28 distant the
ARCH module I8 extends from the hole 20. Located about end 28 is the.
transducer unit I4 or ~ at least a coi Uantenna of the transducer unit 14.
_ - ,_ 10 The remote controller I2 can be located aliywhere within the
radio range of the transdticcr unit 14. In general terms, the remote
controller I2 is operated to transmit instructions to the transducer unit
14 that in turn sends instruction and operating power to the ARCfI module.
I8 from a location remote from the ARCbT module 18 for the subsequent
initiation of the detonator 24. The instructions frvzzt the remote IS
controller I2 are sent fmm a safe location distant the detonator 24' The
instructions sent include ARM and i~7RE codes. 'I'hG transducer module I4
upon receipt of the ARM oodcs operates to generate av electromagnetic field
and to rctransnut the ARM code typically in a different forniat say ARM 1,
to the ARCH module I8. Advazttageously, the ARM-1 code is impressed onto
the elcetromagnetic field. The 20 transducer unit 14 then waits to receive
the 1~IRE code from the remote conuoller I2 If the 1~IRE code is received
within a predetermined tune period it is retransmitted in a different
format) say lrlltE-1, to the ARCH module 18 by 6cing impressed on the
induced electromagnetic field. The ARCM module 18 does not have an onboard,
nor is hard wired ro a permanent 25 power supply. Rather, as will be
explained in gieat detail below, the ARCF~ module 18 includes eirauits far
extracti-n.g its operational power from the electromagnetic field generated
remotely by the L~ansd~tcer unit 14. Additionally, the ARCH modu ie 18 upon
receipt and internal verification and checking of the ARM-1 and )~TfcE- I
codes from the transducer module 14 can then produce and deliver an
electric 30 detonation current to the detonator 24. 26/04 '00 WEU 11:18
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pCTIAU9sroo9a9: , ' _9_ . . _ Referring to Figure 2, the remote controller
12 is provided' with a keypad and interface unit, 30 by which
.inforr~xation and instntetions can be input. Signals cant be ' ' , ', ,
.transfei~`betvireen thekcypad .aiid~'interface unit 30
to~a.~inictn.-controller:-32 via a eommuni~.tiowbus 34. The-micro
controller in. turri.:can=eommunieation ;witha ASK . - r ;~;- : - .- . . '
-' . _ . . ': 'f _ . ' ~ '~ " ; ;,:; ,- : ' ' . .. . ; ., , _ . 5
transceiver ~ and antenna -36' via; communicatior~'`~us~ ~38. ` -1lectrical
powez:- from a rechargeable battery 40 is input ~to a power supply circuit
42 which delivers operating electrical power to the keypad 30, micro
controller 32 and FSI~ traztsceiver 36 via power rail 44, The Hardware
~compone~.ts ~of ~ the wcontroller 12 'namely, the keypad 30, micro 10
controller 32, FSK transceiver and antenna 36 and power supply circuit 42
are either standard off=the-Shelf eoruponents or constructed in accordance
with normal hardware design practice- Fn this 'regard, the micro controller
32 includes a micro processor 



with both a RAM and ROM and an address decoder etc. The specific
functionality of the remote controller .12 is derived from its dedicated
software. 1S The modus operandi of the renoote controller 12 is depicted in
the state diagram of Figures 5, 6 and 7. Specifically, figure 5 illustrates
the POWER-I11? routine for the remote controller I2. State 300 simply
indicates the start of the POWER-UP routine. State 302 indicates that the
power to the remote controller 12 is termed on. This typically would occur
on the flicking of a ONlOFF switch (not shown)_ After the 20 power on state
302, the uucro controher 32 is booted at state 304. Next, in state 306 a
LED functioztality check is perfozmed. This step involves sequencing
through a subroutine 308 to cht;ek that the LED indicators for the status
of various conditions or states are operational. The conditions and states
tested are the power state 310 indicating that the remote eontcoher 12 is
powered; the LIIv'K state 312 indicating 25 that a radio communication link
has been established between the remote controller 12 and the transducer
module I4; the ARM state 314 indicating that an ARCH module 1$ is armed;
the FIRE state 31b indicating that the hIRE code has been sent by the
rrmote controller 12 to the ARCH module 18 via the transducer module 14; a
1~AULT state 318 indicative of a fault in the system IO and the READY state
330 30 indicative that the rtmote controller 12 is ready to receive
commands via its 1`eypad 26/04 '00 WED 11:18 1TX/RX NO 6297] 1U13   28/04
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.7  . ~ ~ 1 1 ~::y~aiLi y_7 ~~r. ~Y .l,.w ~,ni ~,:; r '  A~.,,.-_ :.'1~~:'
, r , . '~, '_S":~4;,~i,.wr,',.. ',~iias:':.t .s.;,. .z?,~ ;~a:.,S:~nrv.'~.
r; ' ' : . Y<`'~. a ; :.:C'YtF' n :~" i . `. ~i ~ i,,:, ''Ta AX1~~,s:~~"
^v'':eai . -WO 99LZ4776~.;', . ,' ~' .' e;  ''' ; ? 3 ~ 1y ^ x:r :'r,. , ,
, . '. F'GT/AU98100929~ ~; ~~` . , - ' , r.' f~(rr ~ - i : ' _ .`1 ~., ..
''-r: '~' .  - ' = _ ~~ ~ ' t , , and interface unit 3Q_ a The.~next state:
entered in' the POWER UP'~i'outiae't:i''s;~tfie loflp ;back FS~ alale ;322.
:,.,, , -_: _ , ; ~ - Wlien.in; this.state, the remote controller 12'
causes (its'~FSI~:.siaitsceiyer 36 :to~generate~  a- test, ruessage at stop
324 which*:i~.c 'sent back;'td itself. and 'checked tv 'ensure"ctirect - .
` .. . t - _. .,, ._ .  S eodirig find decoding of the FSK signals sent and
by. ttie; remote controller 12. If this tests detects no fault, the remote
controller 12 enters the RLADY state 326 which is accompanied by the
illuminakian of a LADY LED'on the remote controller_ At this state, ttie:
rcrnate controller lz, is simply waiting :for. the next instruction via the
kcy~ad arid interface' unit 30: - . ` . ' '    .  - ,  10 Rcfcrnng to
Figure G, the remote controller next enters an ES'fABLZSH LINK routine upon
activation of a LINK -key on the keypad 30) indicated as state 328. Tk~c
purpose of the ESTABLrSH LINK routizte is to establish a link, ie radio
communication, with the transducer module 14_ The pressing of the LINK key
on the keypad 30, is detected and acted upon by subroutine 330 which
instrucus the 15 controller 32 at step 332 to scan the keyboard 3()- and'
at`step 334 to read the pressed key. Assuming that the key is the LINF~ key
a corresponding LINE code is fetched from the memory section of micro
controller 3z at state 33~, and then used to modulate an oscillator to
produce a FSK signal which is communicated by bus 38 to the Iransceiver 36)
20 The transceiver 36 is turned ~hI as indicated at state 33R and the LINK
code sent at step 340, by the transmitter 35 to the transceiver module 14.
Assuming that the LINK code is received by the transducer module 14, and is
correctly decoded) the transducer module 14 transmits an acknowledgment
back, (ACK ~ACJ~) code to the remote controller 12 as indicated at step
342. The ACK BACh'. code is then 25 processed at step 344 and various test
messages generated in state 344 indicative of the L~NTC test results.
Assuming that the link between the remoti controller 12 and transceiver
module 14 is functioning to a predetermined reliability, a radio link wil!
be established as indicated at state 348. 26/04 '00 WED 11:18 [TX/RX NO
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, ; '  ~ : , , .. = PCr/AU9810U929'; -11 Once the radio link is
established, the remote controller I2 at routine 350 scans the keyboard 30
for. depression; of; the ARM key, and 'at step 352 starts a timer. The ' ~
, timei: counts ' a ,period  set;~in';step 354) which' can ~, be ~
adjtisted~-buf is_ shown as a nominal ~ 10 second ; peiiod~ ~ 'The remote
controller .I2. rcn'iains' in' the ~ scan;.state. 350 5 unit the expiration
' flf ~;tlie: period 'set in state  354:`,`; rf: the ARM-key: is ~ rioi
activated within this period the radio link to the transducer unit 14 is
disconnected and lock out timer is initiated at state 356 which prohibits
the reestablishment of the radio link with the transducer module .1Q for a
predetermined period of time for example f;ve minutes_ If, during,the;
pcriod instate 354) the ARM key is pmssed an ARM routine 10 shown in
Figure' 7 ~svritered:: . ' The pressing/activation of the ARM key is shown
as state 358. The depressing of the ARM key is detected by the micro
controller 12 scazuung the keypad at state 360, reading the key pressed at
state 362, and if the key is the ARM key, the micro controller 32 fetches
an ARM code at slate 364 from its memory. 'fhe code is IS converted to a
FSK- signal for transmission. At state 366 the micro ~ controller 32 simply
ensures that the transceiver 36 is OhI and OK. Assuming this to be the
case, the FSK signal containing the A,k~ code is transmitted at state 368
via the previously established LINK to the transducer module 14. The remote
cantrollcr 12 then waits at state 370 for confirmation of receipt of the
ARM code from the 20 transducer module 14. Upon receipt of confirmation the
remote controller 12 simultaneously initiates a FIRE timer at state 372
.and arms the ARCH module 18 at state 374. At state 37.4, the FIItL timer
counts down a nominal period, say five seconds within which the FIRE key on
the keypad 30 must be depressed in order co fire (ie initiate) the
detonator 24. If this does not oc;c;ur within the predetermined 25 time
period) then the remote controller 32 shuts itself down at state 374 and
initiates the same lockout time at state 376 preventing operation of the
remote controller 12 for a nominal five minute period. During the period
set by the r~IRL timer the micro controller 32 enters a FIRI~ scanning
state 378 in which it scans the keypad 30 for pressing of the FIRE key. 30
This is similar to the ARM key state 358, and involves the micro controller
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the iccy pad (state 360) reading the key pad (state 362), and getting a
corresponding  FIRE code (stated 364) from its memory .ui , the event
that',the' activation ' of the ~ i~RE' .key . is'; detected. 'llie );IRE
code; modulates an'. oscillatoc,~to': prod uce ' a' - .kSK signal for
transmission. State 366 is ~ then, reentered, the transceivor'~ 36 OKcd ',
; s - _ 5 and at state 368 the FSK signal containing the FIRE code is '
transrivttcd to the transducer module 14. figure 3 illustrates in block
diagram form the configuration of a transducer module 14_ The transducer
module 14 includes a FSK ttatxsceiver 46 which communicates . .- ., , . ,-
. with a micro coati-oller'48 via bus 50. Micro controiler 48 also
communicates with a 10 chopper 52 via bus 54. A rechargeable battery 56 is
included within-the transceiver moduic 14 as its power source. The >sattery
56 is in electrical-connection with a DC power supply circuit 58 which
delivers power to the transceiver 46, micro controller 48) and chopper 52
via power rail 50. A.ls~ included within the :ransducer module 14 is a coil
62 fez pzodueing an eleetrotnagnetic freld. Both the miczo controller 48 15
and chopper 52 are inductively coupled to the coil 62 via respective
inductive couplings 64 and 66. 



Iu general tertns, the transducer rriodulc 14 initiates the generation of
specific frequency oscillations generated internally upon the receipt of
encoded command signals from the zemote controller 12. \'fhen certain
commands are reeeimd and 20 confirmed by its own transceiver 46 the micro
controller 48 toms ON an oscillator and superimposes a .series of digital
code word instructions encoded as unique frequency shift keying (FSK) onto
the oscillator. The micro controller 48 has several functions including:
Establishing a communications Link with the remote controller. 25  Enabling
the chopper 52 when it receives an ARM code or instruction from the remote
controller' 12. This provides operating power to the ARCH module 18 then
sends control words to the ARCH module 18 after allowing time for power
stabilisation.  Monitors the duration that the chopper 52 is turned ON and
after a nominal 30 Period of 10 seconds switches the chopper 5? n~F, and
sends a s~bnal 26/04 '00 WED 11:18 [TX/RX NO 62971 0016   28/04 ' 00 11: 57
FAX 81 8 9221 4918 GRIFFITH HACK -~-~-~ TAN RAJAH & CHEA 0 017 -, --__.
....--, . .~~_ ._,~...-. -..._. ~";,~"_4;.,~FT, y, ~~v,'" =_ _ . _ . . ~ .
-.;~, ..av. :;~~";'irhy, Y: rq,3p".~;s~l ='~ ;t=:: rh~.e_r a~~~r.`.j,i~;, -
.   '  ^ r -,~: ~.:'-'7 ~;^'.".lw...1-~. ~k: a, L . ' _, = , ;~y,,.... = .
. . . ~.r_ I. . ..G~h:~is ( i~.~ w ' ~~ ~."...,~~.Ai,~.n i . ~~ sl ~ . . .
","y.'. : 1 ~ i .. . - . ~:-n , ~ ~,~e ~.~ ::~. . .... :,:n , ;'' tr
'a::~F'.e.Gi'4~`i ~ j ~~  ~ ,.h'~c.,~",.n...:.c ,.. . ;'e'.`, _  ~ ~., ~ :
,.'y ; kLh~ ,~h~tS~, .  . vs ., tdaJu,~?1.. .. - r4 .. _ ~ ,,.r. r,.."
t-=~t.~;:I;"'~' ~'' ~.~: i ~'y rosy. .. , , ~'~5", ~'f , ~ v~y~~~%`- f ,
,'4~.N ~ _ . ., ",:-'. ~.. . ._ ".,a.., ~~.:~:~:~;;~,.. ,rr; ~~~','~'~~,~
;:~~;~;~t;. 1AU98/00924 '' . . .`'.,'- , ~ =' . _ - - - ' ' `:11V0
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. - , . , -I3~ back to the remote contcoFler,-12, that the -transdueei
module 14 is titxted out. - - This prohibits. a retry.._or zecntry .of ;
furiher inswctions for a .: - , - - , ', , : ~', programmahle time' pc;
riod,' which_ ~riormally ' would be ~ .in_ the . order of five .  , .  . .
. " . - .,. . . ;... ,  . V = . - - ' minutes.  .  ' ' ~ . . . , . : ~ ~ .
. ~ ,..,.i.,.;` ~=. ' ~ .. ' 5 -  Sends ~FIRE code tv ~t~ie~ ARCH~ module
l8;vand~ahen shuts down the  chopper 52. . ^ ~~ .. The 'transducer module
regenerates its own control and ituliativn words once it receives the
prunary instructions fronx .the remote controller 12. On receipt of the ARM
cods from~the remote contmller~l2, the transducer-module 14 will generate
its x0 own corresponding ARM-1 code. The same regeneration principle
applies to the receipt of tha FIRE code from the remote controller ) 2,.
with the regeneration of a FT~.E-1 code. The operation of ihc transducer
module is shown diagraphically in 1~igures 8-ICI. Figure 8 illustrates the
POWER=UP rputine for the transducer module 14. The 15 transducer module I4
has an  intc;rnal power source, namely the battery 56 and therefore is
initially in a power on state 4D0. Subsequent, to the power on state 400,
the micro controller 48 is booted at state 402. At state .404 a
functiona,Iity test is conducted on the chopper 52 The status of the
transducer module I4 is determined and a status byte is stored at state
406. The stored status byte is later sent back to 20 the remote controller
upon establishment of the communications link therewith so that the remote
controller I2 can elteck the status of the transducer module 14 Upon
completion of the POWER-UP routizie, the transducer module 14 enters a
listening state 40$ in which it awaits receipt of the LINK code from the
remote controller 12. if receipt v( the LINK code is detected at state 410,
the transducer 25 module 14 gets an appropriate response code from the;
memory of the micro coxitroller 48 at state 412 and generates an
acknowledgment back signal at state 414Simultaneously, the transmitter
portion of the transceiver 46 is turned ON at state 41 G so that the
acknowledgment back signs! generated state 414 can be sent at state 418
back to the remote controller 12. '(t is this acknowledgment signs! which
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states 342, 344, 346 and 348 ~ in the ~STABLxSH LINK z~outine of the remote
controher ' I2, A link watchdog 420 also operates to ensure. maintenance of
>. ', o--y,i: d' ' : ~ . ' .  ' . ,`'=the link--lietiveen`vthe
icemots'.controLler rI2 and=transducer mt~dule ~I4.--:This is effected ' r
, .... ` i's . ~ .   -by 'watching' at_ state `422 for the issuance of  the
acknowledgmerit ~igtiaI from slate -  . - ~;t~,_ . - , - . --,.:. ; , ';sa
;...y  ;  - . = ' ` - _` ... `,  ': 5 - 4 i 8 within. -a-'nominal ` "piedet
~ `wed ~ tune :period such as - five ~ seconds. If no acknowledgment
sigttai is sent at state 4I8 within fve seconds of receipt of the L~1K code
at '.`state 408 the transceiver 46 is turned OFF at state 424 effcctivcly
closing down -tile ~`~:ESTAI~LISH LINK subroutine and resetting tile state
of the transducer _modiih':,I4 ;to POWER OIrI state 4d0.. . - - , , " `.`
~~;; r ~;' ~ - . . - ` ' . 10 Assuming tliat the acknowledgment signal is
received within the time period set at state 422, the transducer module 14
enters state 426 at which it listens for the A1.2M code or eomrnand from
the remote controller 12, This cotnmcnces the ARM xoutinc shown in Figure
x0. At state 428 the micro controller 48 interrogates signals received by
the transceiver 46 to asceztain whether or not it contaiy the, ARM code_ 15
This is achieve: d by decoding the FSK signals transmitted by the remote
controller I2 and comparing the decoded signals with- predetermined signals
s'toxed in a look up table in the memozy of the micro controller 48. If the
ARM code is received and verified the micro controller 48 turns Ohi the
chopper 52 at state 43g. The chopper 52 is of conventional construction and
operates in the standard manner to produce an 20 AC output from the DC
power supply 58. This output is coupled by the inductive coupling; 66 to
the coil 62. In one embodiment, the coil 62 is wound around the end 28 of
the stemming bar 16. Therefore, at the stemming bar 16 together with the
coil 62, act as an electromagnet when the chopper 52 is operating.
Corresponding lines of maanetie flux are substantially conned to the
stemming bar IG, and as will be 



25 described iii greater detail below, traverse the gap 26 and link with a
pick up coil in the ARCH module 18 to induce an electrical current which
provides power for the ARCH modules 18_ However it is prcfetred that the
coil 62 is actually mounted inside the stemming bar 16 at an end nearest
the detonator 24 when the stcnurting bar 16 is in the hole 20. 'this will
minimise energy loss and maximise the inductive 30 coupling and energy
transfer to the ARCH module 18. In this variation lead wires past through
the stemming har and connect the coil 62 to the remainder of the Z6/04 '00
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Sinc;c;: the :~ARCII .module .18 does not'; have its own : on : board
petinaRent -,powei; , . , ',.. . . , , . ,..  :__..~r ' ' , :~. . .:. . ` '
-~ - supply, ~ the ctrausdticer module.' t ~. .iiexta'enters a , timer
stars 432 is which it allows .. ' r ', . ' : ..  '. ''' ' ; ''; ,  , ~ .
.,. ;, `:.`c a~.; : "i',: ' ,' ;,, ,; . . : . S,, r . t " . ' -'
sufficient,: 'tiine foc'yirvcr lcvel5, to =b 'e''~ stafilised wavithut .
the, AIZC`H ~ module I8. A.t a  ~ 5 saely~ feature-typically the remotely
generated deetromagnetic field would not carry sufficient instantaneous
power to initiate the detonator 24. Therefore the ARCH module I8 would
include electrical storage and integration circuits to accumulate over
time', the ~requircd ' power to .operate the ARCH module and generate the '
' ~ _ - necessary, -initiation .eurrent_ Aft>rr'stabilisation, the
transducer module 14 sends a ., .. , ,," . ( . , ,  .: ' ; ~_  Id FS~
training signal at stale 434.tv the ARCH module 18. The ARM-1 code is
fetched from the memory of the micro controller 48 at state 43(. The ARM-1
code is then used modulate an oscillator to psoduee an FSK signal which, at
state 438 is output from the micro controller 48 and coupled to the coil 62
via inductive coupling ti4) and thus-transmitted to the ARCH module I8_
That is, the 15 lines of magnetic flux created by the current flowing
through coil G2 provide not only operating power to - the ARCH module 18
bat also contain control signals incleiding the arming code ARM-I and
Erring code 1~IRE'-I. A.n acknowledgm,ent signal is then sent back at state
440 to the remote control)er 12 acluiowledging receipt of the AR1V1 code
and the transmission of the ARM-1 code. 20 This acknowledgment signal is
waited for at state 370 in the ARM routine fir the remote controller 12
shown in Figuro 7. Upon issuing of the acknowledgment signal the transducer
module I4 initiates a FIRIv timer at state 44Z, and at state 4-4.4 counts a
predetermined shut drawn period, for example h vc: seconds, within which to
receive the FIR); code from the remote controller 1~. If the F1RE code is
not received 25 within the predetet~ined time at state 444 the u~ansducor
module 14 shuts down. 'this of course turns C1FF the chopper 52 thus
cutting off power to the ARCH module; la. 26/04 '00 WED 11:18 1TX/RX NO
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.~,;. , ,:.,;;:_ . -, . - . . If the FEE code is received from tl~e remote
controller I2 within the predetermined period,.-the .~crv controller 48
'fetches a FI12E-1 code from its memory wbieh is _. ._ . _ . : diffc `rent
wto`'.zhe FIRE code~:'serit'~ by : remote coatzollcr :12, uses that code'.
to , modulate _, , . ' .; .'. - . - , . ari, oscillator and produce:'an
FSK-signal :which ..'i-s coupled by iaductivc coupling 64 .,, . . , .
...~.,, . , , . - , 5 to the, cvil:.62' and`transmiltedao'~tl~e, ARCH
iz~odule 18. Izcferring to Figure 4, the ARCIT module I8 comprises a pick
up coil 68 which is positioned to lznk with the lines -of taagnetic flux
passing through the stemming bar - I6;' The coil b8 also includes ,
inducxive , output couplings 70 and 72. The output ' from cowling 70 is
feed.to`a,power supply':74 for powering the module I8' while the IO
eouplirg 72 is input to an FSK receiver 76, The power supply 74 detecc~s
the induced electromagnetic field, and rectifies, integrates and uses the
r~sultiag DC voltage to charge an RC combination. The storage capacity of
the onboard capacitor in the combination is sufficient to provide the
working voltage anal power re~uireznents for the other onboard electrosiics
as well as to provide the detonating 15 current and voltage that~is
required to ignite detonator 24. The FSK receiver 76 detects FSK signals
that are being transmitted by the transceiver 46 of transducer module I4.
As previously described, these FSK signals are superimposed on the induced
clectromagnetie field and magnetic flux lines- The input levels presented
to the FrSK receiver 76 may vary d~erefore it is desirable that 20 this
device includes an internal automatic level control (AT.C). This ensures a
constant signal level is presented to the receiver 76. As the FSK receiver
76 is powered by the onboard power supply it ~ desirable that this consume
an absolute minimum of power and operate at as low a voltage as possible.
FSK receiver produces a digital output which is coupled directly to a
onboard micro controller 78. 25 The micro controller 78 functions to
monitor the digital word stream from the FSK receiver and Look for
appropriate commands words that it would expect to see from the retnoce
controller (as regenerated and retransmitted by the transducer module 14).
The power supply 74 pxovides the micro controller 78 with a stabilised
Volra~c supply thereby ensuring that it is not subject to the rise of the
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voltage is induced in coil 68. On "power up" the micro controller 78
undertakes a series of status and housekeeping checks before, allowing
itself to listen for incoming .instructions. , The _natu~e ;of these
inhouse: ch'eclcs_:cbnfirm: that;correct working volts . ' ~ .:; , arc
available and_also the status and,conditioa of its~iaput,azid';oittput
coatroi lines. > , , ' - .: , ;., . S Once ~ the micro controller 78 has
been satisfied that it is operating correctly it then commences to listen
out for control words transmitted from the remote controller 12 via the
transducer module 14. In the overall tinning of the system 10 once tlZe
transducers module 14 has produced the electromagnetic ~eId via chopper 52,
coil 62 and the sternming bar 16, the subsequent ARM-1 and kZRI~I; codes'
mast be received 10 within predetermined times frames as described above.
T.f this does not occur the aucro controller 78 will ignore all incoming
signals and effectively go to sleep. The only way that the sequence can be
reinitialised after this has occurred is to be powered down and rcpowercd.
This can be done by resetting the remote controller 12 and repeating the
firing sequence. _ _ 15 When the transducer module ~ Id- receives an ARM
code from the remote controller 12 it energises its coil 62, waits for a
period of time that corresponds with the settling time required by the ARCH
power supply and inhouse ARCH micro checks (state 432), then sends its own
internally generated ~1RM-1 code to the ARCH module 18. If the , transducer
module I4 does not receive the FIRE code from the reruotc 20 controller 12
withizt a nominal time period after receiving the ARM code, then it will
switch OFF the chopper 52 thereby removing power to the ARCH module I8_
This proceeding sequence will result in the ARCH module I8 expecting to
receive a plltir-1 code from the transducer module 14 within a nominal five
second mndow. rf this does not occur then it is assumed that the transducer
module 14 h as not ZS received the hTRE cade from, the remote controller 12
and therefore the micro controller 78 will shut down the ARCH module 18 and
revert to a SLEEP mode. When tic micro controller i8 receives and decodes
the FIRE-1~ code from the transducer module 14, it initiates the detonation
sequence. 'this is achieved 6; signally one or t~aore of ils output control
lines S3 to a certain output state in turn 26/04 '00 WED 11:18 [TX/RX NO
6297] B]021     26/04 ' 00 11: 41 FAX 618 9221 4916 GRIFFITH HACK-~-~-~ TAN
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PC - 18 _- . I  , allowing ~ a logic array 84 to be triggered resulting in
the energising of a Erring switch . ~ ~or.relay;'86, that is connected to
tF~e detonator .2~'.:; Tue relay 86 is preferably a DPDT - , `"':'..
ielay,=vvitli'~-onerset of contacts providing a pemiarient:`sliorc
'ciicuiL~~across"leads 88 to ~~~.'-~alie:detonatoz~ 24. .This ensures)
that, no current ~caii'='`fiowav ~thc-dc'tonatof 24-until tkte _ S v r ,'
shorts"cu~cuit is'`removed by actuating the relay ,86.I y This can only be
down once the _. . . 'irucrovcontroller 78 processes the FIRE-1 eornmaad)
an,d al! other logic parameters ~and`coiiditions have been satistied.
TypicaIly this may involve the transmission of the FIRE-1 code by the
transducer module I4 a predeterrnincd ~iunaber of times (say - ~ 30 tutus)'
and the correct decoding and checking ~of that signal by the receiver 76
and :'.,'.>::;',:=~~,~- - . . 10-".-~ amicro ~coittroller 78 oit every
instance. When FIRIr-1 code is received and al! internal Checks have been
satisfied a detonating current is switched to the detonator leads 88 via
the power supply 'l4 initiating or detonating the detonator 74.  A second
embodiment of the radio detonation system 10 is shown in Figure 11. In 15
the-second embodiment, the ARCH module 18 is unchanged and therefoze not
shown in Figure l I. 'fhe differences between the ~cst and second
embodiments lies in the configuration and operation of the remote control
unit I2' and the transducer unit 14' . The essential difference which will
be explained in great detail below, is that the transducer unit 14' can be
placed in a LOCAL mode of operation allowing a uses 



20 to manually enter various instructions and codes far transmission to the
ARCII module. This therefore allows the user to set off the detonator 24
from say behind a piece of machinery or barrier via dtrecl uSe OF the
transducer unit 14' instead o~ having to physically move a substantial
distance away from the detonator 24 and use the remote controller to set
off the charge 24. When the transducer ucut 14' is in the 25 RFMOTI! mode
of operation then the remote control unit 12' can be used in essentially
the same manner as remote controller I2 described herein above to set off
the detonator 24. 'When the transducer unit 14' is initially turned ON it
automatically emers the IZ1JMOTF mode of operation and a REMOTE: indicator
50U will illuminate. Watch 26/04 '00 WED 11:18 [TX/RX NO 6297] ~ 022
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;'..,;.::,;, ",, , , keeping power is provided to microcontrollcr 502 and
fail safe code generators_ ARM and I?RE , switches 505 ~d 508 rcspcctively
will have no effect until a', user enters ~a valid~~Qersoual:ideriti~cation
number (PIN).via manual.entry,s';sticti~as'~a'~ - ' ' keypad 5 X 0 and,
mode vswitch-;SI2 ~ is .switched to toggle the'.transducec. unit-,14', to
-the . . _~.<-,.-..~.>'__f ;r..... _ -.: _" ~ .,. S - LOCAI: mode. '
The,~inain -Ioop ~ of the ~-microcontrollcr 502 'now entezs a WAIT 'state
and monitors for incoming eomrnands and signals from the remote controller
12' and scans its keypad S IO and switehe's 506, 508 and 5I2. It is
possible to .select the LOCAL mode of operation by switching the mode
switch . S 12. once this is 'lone a number of: events must occur and fail
safe Iogic must. be 10 satisfied before the LOCAL mode is actually entered.
Fustly, the REMOTE indicator 5D0 will remain illuminated, even though the
MODE switch 5I2 has been switched tn the LOCAL mode position. ,A LOCAL mode
indicator 5'14 will illuminate after the authentication process has been
successfully completed. Onec the mode switch 512 is activated, a time in a
timer and logic system 516 will 15 count down a predetezmined period such.
as 10 seconds. Within this tune, a user must enter a valid i'IN via the
keypad 510. If a user enters a valid PIN number on the keypad S10 within a
time liuiit counted by the timer unit 516 the REMO'I~ indicator S00 is
extinguished and the LOCAL indicator 51E is illuminated. Also) an A1S
generator 518 within the transducer unit 20 14' is activated. The A1S
generator 5l8 generates an all 1's code or tone that is transmitted by the
transceiver 504 to the remote controller unit 12'. The remote controller
unit 12' is configured to ensure that it cannot be accessed or operated
while it receives the all I's tone from the transducer unit 14'. In the
event chat an invaiid PIN is entered by the keyboard 510 or no PIN is
entered 25 was not entered withita the preset time period the
microcoritroller 502 is shut down for a second predeterrrutted time period
before which a user can again attempt to operate the transducer unit i4'.
Valid PIN's can be stored in the microcantroller 50?. It is envisaged that
these PIN's can be changed or deleted at will. 26/04 '00 WGU 11:18 fTX/RX
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y ^.ay,~ . . ,.~ , ., . ' , J .~.~~'s", ..i .. L'~'.YSIf a .75p' . .  Jt' y
. `..i ~~ .l) , m . . ~ h.. ?Sl ."r. " , . . . ( , h .'', v' , . .  f1 a  .
. . _ ,J. . `;'.r',,:'~.u~ s:. ' . . . ' %'"-'~fTY,~~..-'ki.:at t.H~,.- y"
'n, ='e.;?I; 'F . 4 , _ , JA ;.W _ . .' ;~'. ' .. f` , , , ^,:VV0991'1477G'
. ~  ,  ,  . ' .  t~CTIAU981U0929 ,,:.,.r;i,~:,  ~ '  , w I . y., ~  '' i.,
~?~,  ~ ~ - . - _20) ~;.;. ..  ',:` ''When the transducer unit I4'- is
switched to the LOCAL, mode and the ARM a~witch ' 5U6 is pushed or
.otherwise aeti.atated a DC voltage 'either onboard .or controlled by
~.~=r''~'; . .. .... ,. . . .'~.r_' ,: :the ~ ~traiisducer_~ unit .14'-'
is) ~switched. ` to ~ ain~`:inveiter`` (ie chopper) ;to .prodtioe an AC ':
vo~rage -output ; that= is ..routed =via- a ~ ~steiiuning ~ bac;
'-isblation, -switch' ~ {not' 'shown) to a ' '- - ' - .:~~'- - , `~a'~~' _.
- ' : , - _ 5, 'r. `-stemiaing bar ~coit (not shown but equivalcilt -'to
coi1~62-~in figure 3) forming p~u~t of the transceiver 504. This generates
the electroruagnetic field for inducing operational power for the ARCM
module 18. The transducer unit 14' and stemming bar coil are separate
components connected by wires. In this way the coil can be placed about
.-.the .stemming-) bar. 20 ; and 'the .transducer. unit 14'' operated from
behind a piece of - --_. .   10 -'-'' '-y~inachinery~ or-iecoil'd~evice
placed against=ihe'steimning bar 24. As with the previous embodiment, the
ARIvI condition is held for a predetermined period of time that can be
adjusted between 0 and 9 seconds. If tlrc FIRE switch 508 is not activated
or depressed within that period of time the transducer unit 14' disconnects
power to the inverter (thereby starving the ARCH module at .power)
and~shuts itself down for a 1 S predetermined period of time. If the I^TRE
switoh 'So8 is activated. within the provide time frame, the
microcontroller 502 ~tr5tiy validates or veriFres 'the activation of the -
FIRE switch' S08 and then generates a FIRE code in the farm of a 128 bit
datastrearn, This datastream is used io effec;tively ~nlodulate the-output
of the inverter causing it to operate as a pulse width modulation (PNVM)
source for the transceiver 20 _ 504. The resulting 1'WM AC voltage provides
both the power and sio alling~ format required by the ARCH rzroduIe 18. The
remote controller 12' can only be operated when the transducer unit 14' has
been switched to tire RIJhIIOTE mode of operation. If the transducer unit
14' is in the LOCAL operatiirg rttode an indicator Lamp on the remote
controller unit 12' will 2S be illuminated and any switches') lccypads or
other input means on the remote controller unit 12' will be effectively
disabled thereby denying the user to enter any cottrmands into the remote
control unit 12' . When power is first turned ON in the remote controller
unit 12' watch keeping power is applied tv its onl7oard mierncontroller 520
as w~;ll as its transceivct 522 and A I S decoder 524) Ah.tvl and 30 FIRE
switches 526 and 528 respectively will have no effect until a LOCAL mode of
operation of the renlotc wuuul unit 1?' has been established. Remote
controller anti 26/04 '00 WED 11:18 1TX/RX NO 6297] ~ 024   28/04 ' 00 11:
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's'; ~' . . . 'r , r . ~ . ,. . . I' .  ., . . _ i - ~ .-f ~ . _: ~I ; Jr
w'l. , ..r, r.2:,..'' hy ..':;:~;:;. . ,,.~:~ ..~.`.u.. rIi" ",~rt'~'~ ' ~
~ ' ~, ; , . . . . _ r . . , ~~W0 99/~477fi:,:. ~, -., . . w i. .r.~:'I
..,'4~ s.~ . r _r 'i ~ . ,,PCT/A,U98I009t9:,.~,.~ -.r;n~:,4 ;',.. ~; , ' -
r, - '., _I . : ; ,, . . , . ' . ,'; ;~ :.' ~.,._ a., '~ , . ' . . a~ '
~..~ .Cr.R y ., ~. ~ ; ~ ~- ; ~ T ; ~;~ ;<' '21 ^- ;` , ` . 12' includes a
REIvIOTE mode indicator 530 and LOCAL mode indicator 532.  , -'~Ihen ~tlie
`remote control , urut 12' '~ is turned ON and only when- the'rraiisducer ;
unit ~ ' . . . , , , _ , .  .  :Y . _ ' ' . _ _ ' 1~-' :'has ' been
switched ;.to .-the REM~'pE:.mode of operation;' the=LOCAI:~ mode :'I', '
,r.. . F..',Y.r- .. ~ s .. , ' ~ 'in~dicaior  532 ihuininate's ,ati~ ' the
RF.11~IOT~ mode indicator 530 extirigitislies. ~ ~ The 5 LOCAL mode
indicator 532 will only illuminate after a.~i authentication process; has
been successfully completed. When the mode se:Iector switch 512 on a
transducer unit 14' is switched to REMOTE  . ` ~ , mode, 1.5 ki~z-aoite (ie
ail I's code) is generated via the AiS encoder 518 and transmitted by the
transceiver 504. The transceiver 522 of the remote control unit 10 12' must
receive and decode this tone before it can switch to the LOCAL operating
mode. This is a fail safe system so that if the remote controller 12' is
out of range of if the transducer unit I4' is in the r..OCAL operating made
then it cannot be accessed. Assuming all is in order and that the A1S
decoder 524 decodes a valid tone, the AIS 15 decoder 524 then initiates . a
timer in a logic and timer unit .5Z6 to initiate the counting of a first
time period normally of say 10 seconds. During this 10 second period an
operator must enter a valid P1N via a keypad 534. If a PIN is not detected
in this predetermined period of time or the PIN is not valid the
microcontroiler 520 will shut down for a second predetermined period of
time before -which it can be 20 reactivated. If a valid P1N has been
entered and validated then the tu.icrocontroller 520 operates to establ ish
a radio communication link with the trazrsdueer unit 14' in a sinular
manner as described i~ relation to the first embodiment. Tn broad general
icons, the microcontroiler S20 generates a unique identification code word
(ie LINK code) and 25 continuously sends the code wood via its transceiver
522 until an acknowledgment is received t-rom the transducer unit 14', if
no aeknowledgmerit has been received after a set (but adjustable) period of
time (say 60 seconds) then the nucrocontroller 520 enters a reset node and
the operator will again be prompted for a valid PiN. The 26/04 ' 00 WED 11:
18 tTX/RX NO 6297 ] C~ 025  
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- -^..~';. ' main loop program for the rxocroco~rtroller 520 is structured
such .that it will ignioie any activity on its ARMIFTRE~ sw~tchcs 526, 528
until such time , as a. radio -communication link to tlf~~transduccr;
unit:=I4':.~has~.been established.', In the event that . , . = , ". - , ' :
i.y,-;.: , , , . , ,a'-radio communication li-nk~'~is =established' and ~an
operator: ~then ;pushes thev ARM '' . ' -~ ~._' . : -:. : ; . , , . ,  ,.._
. - ~. _ : ` . ,. 5 '~ switch 526 an ARM codc.is
sent'via~the`araiisceiver.522 ~to, the'tralisducer unit I4'.~ The ~
transducer 14' then executes - its .~ming sequence however the rransducer
unit 14' must acknowledge receipt of ttnc AItM code before the
microcontroller 524 is enabled to proceed further. On receipt of valid
acknowledgment from the transducer unit 14'-, a timer within the unit 526
is.~~din .op~mted to countdown a predetermined IO ,titne'-adjustable
between~;0 and';9,.;;seconds:' ~..Inwaddition an ARNI~ indicator (not
spawn) is illuminated on the remote controller 12'. If the hTRF switch 528
is activated within the aforementioned time period, the mierocontroher 520
will send a F)<i~F code via transceiver 522 to the-transducer wait 14'. The
FIRE code from the remote control unit 12' may typically be a 32 bit word.
The transducer unit 14' must I5 acknawledge receipt of the F~ code from the
tmusducer unit 12' and receive the same code a second time before the
transducer unit 14' enters its fiti,ng cycle. From the foregoing
description it would be apparent that the system 10 can he used to initiate
an electric ClelOnatUr or elecu'ic match to enable detonation or rapid
decomposition of an energetic material including an explosive yr
propellenr-ryPe 20 noateriaf to occur within a previously drilled liule in
a rock face or similar material reduiring blasting or fragmentation. It is
envisaged that a major application for the ARCH module 18 which has the
potential to revolutionise hard rock drilling methods is insitu mining. xn
this regard, a custom designed machine can be made that can drill a hole or
holes in a rock formation and autot~.iatically insert a ARCH module 18 25
and stemsn',_ng bar 16 with ttan-sducer 14 or at least the transducer coil.
The stemming bar can be reused (as of course: can the transducer 14 and
remote controller 12), the AL2CH module 18 is however destroyed- 'T'hus the
machine would c~ury a supply of ARCH modules with attached detonators 24
for depositing into holes together with energetic maternal. More
particularly, it is envisaged that the macl>ine 30 in question would
typically have a boom that can be rotated about its longitudinal axis) with
the haom supporting w drill for drillinb pules ~n a r~:.~ iorniatiu, 26/04
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delivery system for delivering or ' deposituip . ;aii ~ ARCH _ module : x8
with attached detonator. 24 "and _a ;cb.arge of ene~etic mateiial into
;the; drilled .hole; and, a ram for ,,_ ,, ) _ .   . .
".''iuse'rting~'and~; subsequently  retracting ahe ~steiDimui~'_ bar~~ad;
~frvm .'tl~e:  hole. 'Che  . ri~~l:~yK:,< . ~: E:.i :r 1.': ' ,~ ._ 'S.;
V~:T~.: : .. ,. _ : ~  ~ Y: . '~ , ' i . , _ .  '~ ~ maahiae~ could be
operated in',essentially ~a eontinuous.;ibaizn~z ~so;,tliat~ fii~tly a hole
is _   .,.~.,~,.:' , .. . .. ,. <,  = ~. . .: , f" ,; .,, :  . ' - 5 .  ',
drilleii;:vhe ~:boorii ~thcn rotated to l;aiign~~,the:delive '
riican~~'~with t~e;izole .to de osit an - '   - ' . . ' ' ry~ . ~ ~ _. ,.
., . p ARCH module 18 and detonator 24 into the hole; and then the boom
rotated again so the ram can insert the stemming bar I _ An operator of a
machine can then from themachine ' cabin or from behind the machine operate
the ,transducer module 14' .(being;.in:itsrLOCAf_. mode;oft~aperation) to
remotely set. off the~detonator 24. '~tis ' . i; : ~i r:,:%:;.~;~.,~:j
':::if ~..' ~ ` '. . ' , 10 - -, process~is~tli'en aeqaeniially repeated.:
, _ ~ , ' ~:,`,_:. . , It is further envisaged that tile ARCH module 18 and
system 10 can be used in non mining applications such as civil excavation
works and f4r initiating frreworks etc. A substantial bene~t of the ARCM
module 18 over.the prior ari is that there is no need to have any Ieads or
initiating cord physically in the hole in which the detonator 15 is
i.ocated in order to initiate detonation. - Such leads can act-.as antennas
to rercivc stray eleetrotnagneiic fields causing the induction of currents
which may prematurely initiate detonation. Also physically placing Icads or
cords .into a blast hole _ is inherently dangerous due to the possibility
of rock falls. As a result of this alone) the safety aspect of the AkCI-T
module 18 is substantially greater than that in 20 comparisan to previously
known devices and systems for setting off detonators . In addition the ARCM
module has in built intelligence so as to nvt provide or deliver a
detonation current even if power is induced by a stxay electromagnetic
field, since it must also receive and verify a valid Fl code. Operating
safeCy is further enhanced by the fact that a short circuit is applied
across 25 the detonator of the ARCT'! module ! 8 until such n time as the
FIR>r code is m-ceived and verified. This makes it impossible for a
detonating current ca pass to the deto~~ator. 26/04 '00 WED 11:18 fTX/RX NO
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, . - . : ~c~'~~,~fi.` i, .m . .  ?~." .. 'f~- .v ~ ,~ I". !: "J~. ., - _
~Vy099124776 ~~v  ` - - , , rt;, 4~ ~,~:,,,., " .  . ~ ~ a~;c n'
PCT/AU98100929:.:; . . . _ ... r ._ Now that an eznbodimcnt of the present
invention has been described in detail it will be` apparent to
those-sldhed, xnathe relevant arts 'that numerous modifications and  .
variatiaus' may be made 'without . deparliug ~' ficon~. the - basic '.
inventive concepts. For ;examplc;~the frequency-;shift:;keying, and':
pulse: width`modulation are used as the =,,-;.;.:;-,;~" - :~_ .-:;`-,.,_ '
; ; ~~.-;,;., .,., ;r,. 5 ; ..rnvdulatiori.regxmes foi;the;'system '1t~ in
the described caiboclimcnts. However other modulation schemes can be used
such as coherent or noncoherent amplitude shift keying (ASl~) or phase
shift keying (PSK) or differcbtially coherent phase shift ~keyin~ , (DPSK).
Also, different acknowledgment protocols can be used between --- ;"vaiious
cbniponents of ,the system 10 for acknowledging, receipt of various control
!~. f_ _~7,~-S4"i` ' . . , .` - _ 7. ..- ar., ~, ',4:~i,b 10 ' - ~
.signals":arid ' codes. Further; 'the -predetermined, time' limits
mentioned ahova, fox example at states 354, 374 and 422 can be altered. It
is also envisaged that it ~~ould be possible to supply power and control
signalslcodes to the ARCH module 1 ti via separate signals oc fields rather
than combining them on a single signal. Further, the communication and
power transfer between the remote controller i2 and lranCduccr i5 14' can
be via cables ar -wires, 'rather than by radio communication. However it is
itxlportant-that communication between the transducer 14 and ARCH module 18
is by virtue of electromagnetic waves rather than by hard wiring. 



All such modifications and variations arc: du;med to be within the scope of
the present inventioza the nature of which is to be determined from the
foregoing 20 description and the appended claims. 028 - '~ ;=": ,: _p: . ,
;.._ _~ 1;=;'. ' ri. AiY; `i', ~~;; ;  ~,_,:, , 26/04 '00 WED 11:18 [TX/RX
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-. . The Claims l~efinina the Tnvention arc as Follows: 029 '. ~'d' , 'i',
s 1'~P*,'~.~;~~J`. .,i;=: ";,,~ ; .tr..~. r, -'. _. 1. A , controlled
electromagnetic , induction dc;tottation . system ,:, for -~-initiati~afi '
'a' ' . .~ . . . .. ._, ; , - detonatable .material -.the; system
rincluding: ~ . ( . ` _ . -=;r .. " . . , , _ ' .,,,,. ; aii. automated-,
i~dio', cliarge ,(ARCH) `module for delivering- au.'electric .detonation 5
current to a detonatable material, said ARCH module including .a~ power
circuit for extracting 'power by means of electromagnetic ' .induction'
from a ' electromagnetic field .generated remotely from the AIZCI;i module;
the power - ( circuit providing ; operational power for the ARCH module,
'and- the electric  detonation current,y and means for receiving and
decoding_yradio ~transmittcd 10 control signals including a FIRE code, the
veriCxed receipt of which causes the ARCXx module to deliver said current
to and thereby initiate the detonatable ' m terial. 2. A system according
ro claim 1 wherein the means for receiving` and decoding the control signal
extracts the control signal from said electromagnetic field. 15 3. A system
according to claim 2 wherein said ARCH module further inclUd~~ an output
switch .through which said .electronic detonation current must flow in
order to initiate the detonatable material, said switch configured to
provide a short circuit output to the detonatable material until receipt
and verification of said FIRE code, in which instance, said switch is
operated to remove said sh~rc .ZO circuit and allow the electronic
detonation eucl~ent to flow to the dctonatable material. 4. A system
according to claim 3 further including a transducer unit having a power
supply for Supplying power tv electro~naguetic field generating means for
generating said electromagnetic field and radio transceiver means for radio
25 transmitting said control signals to the ,ARCI-T module. 5. n system
according to claim 4 wherein said transducer unit further irn:ludes means
for ttnpressins said control signals onto said cIP-ctromagnetic field so
that 1i1 TAN RAJAH & CHEA 26/04 ' 00 WEI) 11: 18 [TX/RX NO 62971 C~ 029
26/04 ' 00 11: 48 FAX til 8 9221 491(i GRIFFITH HACK -~~-r TAN RAJAH & CHEA
~ 030  t: w: ..ri:....T:r ~~'-'?,Gl~'._ ~~fs. y~ ~T ~h r::'.t~`i ~ .
i:r.'~_sl.~r.'.~, ~~ ~i~ 4.-:~r' ;'~'~~:'Ft~r='~~wt,T ~a 1. _ ,  , . . ;
;r: I y o-:; F:,~ _ .:.%J4:'y., ~k'. ,. . ..>f,~,h er.;~ ~ .::.~~, s .' .
',,,r ..., , , ~ ~ ~ r~. r. ,~.A~.~~~,, , 'a r: s~ r;~,.w,. r >..Tq4 s .'
~~." .~ j, '~.. v,.., r., ~:~ .f..:= : ' ~:.~ .,..::~s ~`,.~'ur .'..'P . ,
.~ ~.. l..yi'.n71'S,"p'! hi, '_) ' ,::'r`,1~,.~ .,.fF--~ yy,~.~~~: '.x,~r.
~.i.." i, r.. , ~ ...s... a .' at~ :.~ . n : ' c; ',:'s' ' ,.,r. .,la a ,
..;.t; ..,-~,.; r. ,~:3!' ~ ~, . c~.,"..- t}.=_. - .. . ~ _L .. . y =~.. x'
_ ~;r.:' ~-~n ,  .5 ,x,, ,_ . ' . r:_~ ,... ,~, ,'xr; ~'-0'~.'.b~:'Grx a
a7c. , : s , , -, ..., ,,~; ~~..,~ r,.lw - . _ _ ~ ;,r~..y,
,y..~_:.~,:re-'.-.. : `~r1'`.i. ~  . . , . :..:H .~'~.,.. wi,v;:f.'~ ~-' -
, , . `~ 1~, s t; ,.' : l:- ~'o 'i ~7'~) ;',; r .', ,nas:a ; .  , . ~ . .r
~ ~~;;. <y~~ .~ ~, h:~.a'~k'":. . '; r'.C " , ~..r'v. ..; ~':a:~,~
r''r,~,a:" . , , . , . , . %'' x: rs7. ~.t,;) 1. F ~.L` !~ .,~~`~`, ...~;
~.. ~rlrw:~.?, ~ . ) < rr~~r.^r : I~~fYirs~r _'S, r . . : n'^'Ji.".~~:'
,ii.:.,.. , . _ , ~~i :'~~iZ~~F~f"s~~ ;~';  ., , . - _~vvfl a~rzaz~s'~~ ~'
. , . , , . ^ . . ,, ~a-"..,.,, . , . ~ rC'fiAU98lbo9z9 ' , , .. ", . . - .
.. ,.., .!i\;.:..,.~r...4v:Y~_ . . -'26 -  - ., . r said radio 'transceiver
means transmits both said elecrramagnetic fiield and said . control signaLs
~to said ~ARC~I module: .. ,-,;, , . -.._ ,  . ' .. . :~~''~ ,
`~~.=,'~`~r~. ~ - , . - _  , , , -  '. , - ` - 5,  A system according td
claim 5; furtHier_includmg' a stemming,bar for stemztur~g n . - ~, . . . .
~ , ,~,.; - _. . ' _ - ' ,': hole in which; said'
ARCH"inodale~~asid~aetonatorAcari-lie deposited and wher'exn 5 ~ , . said
transducer. unit includes a coil for generating said clcctromagnctic field,
. said coil mounted on or in the stemming bar so that lines of magnetic fhm
pass tLrough the stemming bar and link with the power circuit to transfer
operati oaal '. ., . ~ poeue~ to the;ARCH module by electromagnetic
induction. ;.,.',, ...  , , . . " , , , , :"~,:'`;: ' ' , . 7. A system
according to claim 5 wherein said transducer unit includes a mode. 10
switcli switchabIe betvueen a LOCAL (node and a REIv>;4'x'E mode of
operation, wherein in said LUCAL mode of operation, a user can manually
inpur instructions to said transducer unit or radio transmission to said
ARCH module and wherein in said REMOT>J mode of operation, a user can inQut
xnsrruc~i~ns to said imsducer unit via a remote~controller. unit. x5 8. A
system according to .claim 7 wherein, said transducer unit , includes means
for manual entry of instructions and a timer means both operationally
associated with said mode switch whereby on switching said mode switch to
the LOCAL mode, a user must enter via ~ said entry means a valid
identification number rocogtused by said transducer unit within a
predetermined period of tiztte timed 20 by said timer means in order for
further user instructions to be acted upon by said transducer unit, and in
the absence of the entry of a valid identification number within said time
period said transducer unit automatically slues drnvn so as to be non
responsive to user input instructions for a second period of time timed by
said timer means. 25 9. A system according to claim 8 wherein said
transducer unit includes an ARlvl switch functional when said transducer
unit is in the LOCAL mode of operation which, when activated causes said
electric field generating means to generate said electromagnetic field.
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_ . .  .1, . ~. , A system according to claim 9 wherein said iraasducer
unit includes a 1-1RE ' ' I031 -f t,. ;': ~ L;~i:~i L_-. S~ << . .. switch,
functional~whet~ said,transduccr uaik is in the LOCAL mode of operation . ,
, .. _ ' and rwhieh: ~rhen:activated, within a'pr~edeter~nined time,
~eciod~after:,activatiow of~. `'  ~._~ ., 4 ~ 1 ''o `-\^~'7% .I` .. , r ,
.. the' ,ARM eswitch.-..causes ~ the ttatisducer unit to transmits ,the
~TRE  ;code to  'the .5  ARCFf.irio~ule' `. 1 ' _ ~ ~~, _ :,r . ' ! 1 _ A
system according to claim 7 further including a rcttlote controller unit by
which' a'. user ..can communicate instructions to said transducer unit from
a location remote from said transducer unit_ 12. A system according to
claim 11 wherein said remote controller unit includes 10 means for the
manual entry of instructions by Which a user must enter a valid
identification -number within a predetermined time period in order for said
remote controller to establish a radio communication link with said
transducer unit. 13 _ A system according to claim 12 wherein said remote
controller unit includes 15 processor means fur generating a unique
identification code word which is 



continuously transmitted until an aclmowledgment signal is received from
said traasduccr unit corresponding to said identirication code word) and
wherein in the absence of receipt of said acknowledge signal wifliin a
predetermined time period said remote controller unit enters a 1~ES);'1'
mode in which a user must 20 once again eater a valid identification number
to reinitiate the establishment o the radio communication link with said
transducer unit. 14_ A system according to claim 13 wherein said remote
controller unit further includes an ARM switch which upon activation, when
a radio communication link bas been established with said transducer unit,
causes the remote controller 25 unit to transmit an AItM code to transducer
unit upon which said transducer unit generates said electromagnetic i"reld.
26/04 '00 WED 11:18 [TX/RX NO 6297j 103Z   -25 The Claims Defininl~ the
Invention are as Follows: 1. A controlled electromagnetic induction
detonation system for decoupled in hole initiation of an energetic
substance, said system including: 5 an automated radio charge (ARCH) module
coupled to an energetic substance and deposited in a hole formed in a hard
material, the ARCH module having no permanent onboard power source but
including a power circuit for extracting by means of electromagnetic
induction operational power from a remotely generated electromagnetic
field, the power circuit providing operational power for the ARCH module
and arranged to 10 generate a detonation current deliverable to the
energetic substance, and means for receiving and decoding radio transmitted
control signals including a FIRE code, the verified receipt of which causes
delivery of the detonation current to the energetic substance; a stemming
bar for stemming the hole in which the energetic substance and ARCH 15
module are deposited; and, a transducer unit for radio transmitting said
control signals, said transducer unit having a coil for generating the
electromagnetic field, the coil mounted on or in the stemming bar to effect
the transfer of operational power to the ARCH module by electromagnetic
induction. 20 2. A system according to claim 1 wherein the means for
receiving and decoding the control signal extracts the control signal from
said electromagnetic field. 3. A system according to claim 2 wherein said
ARCH module further includes an 2 5 output switch through which said
detonation current must flow in order to initiate the energetic substance,
said switch maintained as a short circuit until receipt and verification of
said FIRE code, in which instance, said switch is operated to remove said
short circuit and allow the detonation current to flow to the energetic
substance. 3 0 4. A system according to claim 3 wherein said transducer
unit includes: a power supply for supplying power to electromagnetic field
generating means for generating said C:\WINDOWS\TEMP\FP12720 - Fmal Claims
1-37 doc\23/o4io2   -26 electromagnetic field; and, radio transceiver means
for radio transmitting said control signals to the ARCH module. 5. A system
according to claim 4 wherein said transducer unit further includes means 5
for impressing said control signals onto said electromagnetic field so that
said radio transceiver means transmits both said electromagnetic field and
said control signals to said ARCH module. 6. A system according to claim 4
wherein said transducer unit includes a mode switch 10 switchable between a
LOCAL mode and a REMOTE mode of operation, wherein in said LOCAL mode of
operation, a user can manually input instructions to said transducer unit
for radio transmission to said ARCH module and wherein in said REMOTE mode
of operation, a user can input instructions to said transducer unit via a
remote controller unit. 15 7. A system according to claim 6 wherein said
transducer unit includes means for manual entry of instructions and a timer
means both operationally associated with said mode switch whereby on
switching said mode switch to the LOCAL mode, a user must enter via said
entry means a valid identification number recognised by said transducer
unit within a predetermined period of time timed by said timer means in
order for further user 2 0 instructions to be acted upon by said transducer
unit, and in the absence of the entry of a valid identification number
within said time period said transducer unit automatically shuts down so as
to be non responsive to user input instructions for a second period of time
timed by said timer means. 2 5 8. A system according to claim 7 wherein
said transducer unit includes an ARM switch functional when said transducer
unit is in the LOCAL mode of operation which, when activated causes said
electric field generating means to generate said electromagnetic field. 9.
A system according to claim 8 wherein said transducer unit includes a FIRE
3 0 switch functional when said transducer unit is in the LOCAL mode of
operation and which when activated within a predetermined time period after
activation of the ARM switch C:\WINDOWS\TEMP\FP12720 - Fmal Claims
l-37.doc\23/o4/02   . , -27 causes the transducer unit to transmit the FIRE
code to the ARCH module. 10. A system according to claim 6 further
including a remote controller unit by which a user can communicate
instructions to said transducer unit from a location remote 5 from said
transducer unit. 11. A system according to claim 10 wherein said remote
controller unit includes means for the manual entry of instructions by
which a user must enter a valid identification number within a
predetermined time period in order for said remote controller to establish
10 a radio communication link with said transducer unit. 12. A system
according to claim 11 wherein said remote controller unit includes
processor means for generating a unique identification code word which is
continuously transmitted until an acknowledgment signal is received from
said transducer unit 15 corresponding to said identification code word, and
wherein in the absence of receipt of said acknowledge signal within a
predetermined time period said remote controller unit enters a RESET mode
in which a user must once again enter a valid identification number to
reinitiate the establishment of the radio communication link with said
transducer unit. 2 0 13. A system according to claim 12 wherein said remote
controller unit further includes an ARM switch which upon activation, when
a radio communication link has been established with said transducer unit,
causes the remote controller unit to transmit an ARM code to transducer
unit upon which said transducer unit generates said electromagnetic field.
25 14. A system according to claim 13 wherein said transducer unit sends
said acknowledgment signal to said remote controller unit upon receipt of
the ARM code and said transducer unit thereafter initiates its timer means
to time a first period within which to receive a FIRE code from said remote
controller unit, wherein the absence of receipt of 3 0 said FIRE code
within said first period said transducer unit automatically shuts down for
a second period of time. C:\WINDOWS\TEMP\FP12720 - Final Claims
l-37.doc\23/o4/02   -28 1 S. A system according to claim 14 wherein said
remote control unit includes a FIRE switch, which, when activated causes
the remote control unit to transmit said FIRE code to said transducer unit
which in turn upon on verified receipt thereof retransmits the FIRE 5 code
to said ARCH module. 16. A system according to claim 15 wherein the FIRE
code transmitted by the remote controller to transducer unit is different
to the FIRE code retransmitted by the transducer unit to the ARCH module.
l0 17. A controlled electromagnetic induction detonation system for
initiating an energetic substance, the system including: an automated radio
charge (ARCH) module for delivering an electric detonation current to a
energetic substance, said ARCH module having no permanent power source 15
but including a power circuit for extracting power by means of
electromagnetic induction from a electromagnetic field generated remotely
from the ARCH module, the power circuit providing operational power fox the
ARCH module and the electric detonation current, and means for receiving
and decoding radio transmitted control signals including a FIRE code, the
verified receipt of which causes the ARCH module to deliver said current 2
0 to and thereby initiate the energetic substance. 18. A system according
to claim 17 wherein the means for receiving and decoding 



the control signal extracts the control signal from said electromagnetic
field. 2 5 19. A system according to claim 18 wherein said ARCH module
further includes an output switch through which said detonation current
must flow in order to initiate the energetic substance, said switch
maintained as a short circuit output until receipt and verification of said
FIRE code, in which instance, said switch is operated to remove said short
circuit and allow the detonation current to flow to the energetic
substance. 30 20. A system according to claim 19 further including a
transducer unit having a C:\WINDOWS\TEMP\FP12720 - Final Claims 1-37
doc\23/o4/02   -29 power supply for supplying power to electromagnetic
field generating means for generating said electromagnetic field and radio
transceiver means for radio transmitting said control signals to the ARCH
module. 5 21. A system according to claim 20 wherein said transducer unit
fixrther includes means for impressing said control signals onto said
electromagnetic field so that said radio transceiver means transmits both
said electromagnetic field and said control signals to said ARCH module. 10
22. A system according to claim 21 further including a stemming bar for
stemming a hole in which said ARCH module and detonator can be deposited
and wherein said transducer unit includes a coil for generating said
electromagnetic field, said coil mounted on or in the stemming bar so that
lines of magnetic flux pass through the stemming bar and link with the
power circuit to transfer operational power to the ARCH module by 15
electromagnetic induction. 23. A system according to claim 22 wherein said
transducer unit includes a mode switch switchable between a LOCAL mode and
a REMOTE mode of operation, wherein in said LOCAL mode of operation, a user
can manually input instructions to said 2 0 transducer unit for radio
transmission to said ARCH module and wherein in said REMOTE mode of
operation, a user can input instructions to said transducer unit via a
remote controller unit. 24. A system according to claim 23 wherein said
transducer unit includes means for 2 5 manual entry of instructions and a
timer means both operationally associated with said mode switch whereby on
switching said mode switch to the LOCAL mode, a user must enter via said
entry means a valid identification number recognised by said transducer
unit within a predetermined period of time timed by said timer means in
order for further user instructions to be acted upon by said transducer
unit, and in the absence of the entry of a 3 0 valid identification number
within said time period said transducer unit automatically shuts down so as
to be non responsive to user input instructions for a second period of
C:\WINDOWS\TEMP\FP12720-FmalClaims 1-37doc\23loa!o2   -30 time timed by
said timer means. 25. A system according to claim 24 wherein said
transducer unit includes an ARM switch functional when said transducer unit
is in the LOCAL mode of operation which, 5 when activated causes said
electric field generating means to generate said electromagnetic field. 26.
A system according to claim 25 wherein said transducer unit includes a FIRE
switch functional when said transducer unit is in the LOCAL mode of
operation and which l0 when activated within a predetermined time period
after activation of the ARM switch causes the transducer unit to transmit
the FIRE code to the ARCH module. 27. A system according to claim 26
further including a remote controller unit by which a user can communicate
instructions to said transducer unit from a location remote 15 from said
transducer unit. 28. A system according to claim 27 wherein said remote
controller unit includes means for the manual entry of instructions by
which a user must enter a valid identification number within a
predetermined time period in order for said remote controller to establish
2 0 a radio communication link with said transducer unit. 29. A system
according to claim 28 wherein said remote controller unit includes
processor means for generating a unique identification code word which is
continuously transmitted until an acknowledgment signal is received from
said transducer unit 2 5 corresponding to said identification code word,
and wherein in the absence of receipt of said acknowledge signal within a
predetermined time period said remote controller unit enters a RESET mode
in which a user must once again enter a valid identification number to
reinitiate the establishment of the radio communication link with said
transducer unit. 3 0 30. A system according to claim 29 wherein said remote
controller unit further includes an ARM switch which upon activation, when
a radio communication link has C:\WINDOWS\TEMP\FP12720 - Fmal Claims
1-37.doc\23/oaio2   -31 been established with said transducer unit, causes
the remote controller unit to transmit an ARM code to transducer unit upon
which said transducer unit generates said electromagnetic field. 5 31. A
system according to claim 30 wherein said transducer unit sends an
acknowledgment signal to said remote controller unit upon receipt of the
ARM code and said transducer unit thereafter initiates its timer means to
time a first period within which to receive a FIRE code from said remote
controller unit, wherein the absence of receipt of said FIRE code within
said first period said transducer unit automatically shuts down for a 10
second period of time. 32. A system according to claim 31 wherein said
remote control unit includes a FIRE switch, which, when activated causes
the remote control unit to transmit a F1RE code to said transducer unit
which in turn upon on verified receipt thereof retransmits the 15 FIRE code
to said ARCH module. 33. A system according to claim 32 wherein the FIRE
code transmitted by the remote controller to transducer unit is different
to the FIRE code retransmitted by the transducer unit to the ARCH module.
20 34. A method of decoupled in-hole initiation of an energetic substance
including the steps of depositing an energetic substance in a hole formed
in a hard material; coupling an electronic circuit to said energetic
substance; 2 5 mounting a coil on or in a stemming bar; stemming said hole
with said stemming bar; energising the coil to produce an electromagnetic
field; extracting from said electromagnetic field, by said electronic
circuit, operational power to generate a detonation current; and, 3 0
delivering said detonation current to said energetic substance to initiate
said energetic substance. C'\W1NDOWS\TEMP\FP12720 - Fmal Clams
1-37.doc\23io4io2   - 32  35. The method according to claim 34 further
including the steps of radio transmitting a control signal which includes a
FIRE code; receiving, decoding and verifying, by said electronic circuit,
said FIRE code; wherein 5 said delivering step is effected only after a
verified receipt of said FIRE code. 36. The method according to claim 35
wherein said transmitting step includes impressing said control signal onto
said electromagnetic field. 10 37. The method according to claim 36 further
including the step of providing an output switch through which said
detonation current must flow in order to initiate said energetic substance
and maintaining said output switch in a short circuit condition until
receipt and verification of said FIRE code; and, upon receipt and
verification of said FIRE code, removing said short circuit to enable 15
said detonation current to flow to said energetic substance. C
\WINDOWS\TEMP\FP12720 - Final Clams 1-37 doc'~23/04/02   
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PC,T/AU98/00929 Itcccived 03 September 1999 5 -2 Such type of electric
initiation system can sometimes be set off prematurely or accidentally
through the induction of electric currents in the conductors by stray
eleclraii~agnetic fields or, tlt<ough faults in the initiating electric
circuit comprising the wires, switch and power supply. Another electric
initiation system available under the brand name iVlagne-bet is known in
which a pair of electric conductors thaE are attached to a detonator extend
through a coil through which a current flows. The current flowing through
the coil induces a current to flow through the conductors which in turn is
used a5 the detonation current, However this system is also clearly prone
to accidental or 10 premature activation by picking up stray
electromagnetic fields. A11 of these initiation systems require manual
connection of the detonator to a source of initiation energy. 5urnmarv of
the Invention It is the object of the present invention to provide a
detonation system in which the 15 likelihood of accidental initiation of a
detonatable material is substantially reduced. It is a further object of
the present invention to provide a system for wireless noncontact
initiation of a detonatablc material. According to the first aspect of the
present invention there is provided a controlled electromagnetic induction
detonation system for initiating a detonatable material, the 20 system
including: an automated radio charge {ARCH) module for delivering an
electric detonation con-ent to a detonatable material, said ARCH module
having no permanent otl board power supply including a power circuit for
extracting power by means of electromagnetic induction fruits a
electromagnetic field generated rcn~ately frc.t1 25 the ARCH n~od~lc, the
power circuit providing operational power for the ARCH module and the
electric detonation current, and means for receiving and decoding radio
transm:had control signals including a FIRE code) the verified receipt of
which causes the A.lvtEt(DED SEiIJ>:t' (Article 341f1PEAJAU1 26/04 '00 WED
l1:18 [TX/RX NO 6297] 0 048   2Q/04 '00 11:59 FAX 81 8 9221 4918 GRIFFITH
HACK -~1-~ TAN RAJAH R CHEA Q049 PCT/AU98100929 Received 03 September I999
-6~ period of time. Preferably said remote control unit includes a FIRE
switch) which, when activated causes the remoto control unit to transmit a
FIRE code to said transducer unit which in turn upon on verified receipt
thereof retransmits the F1RC code to said ARCH 5 module. Preferably the
FIRE code transmitted by the remote controller to transducer unit is
different to the FIRE code retransmitted by the transducer unit to the
A.RCfi module. According to another aspect of the present invention there
is provided a controlled electromagnetic induction detonation system for
decoupled in-hole initiation of an 10 detoaatable material, said system
including: an automated radio charge (ARCIT) module coupled to a
detonatable material and deposited in a hole formed in a hard material, the
ARCH module having no permanent on board power supply but including a power
circuit for extracting by means of electromagnetic induction operational
power from a remotely I S generated electromagnetic field, the power
circuit providing operational power for the ARCH module and arranged to
generate a detonation current deliverable to the detonatable material, and
means for receiving and decoding radio transmitted control signals
including a FIRE code) the verified receipt of which causes delivery of the
detonation current to the detor~atable material; 20 a stemming bar for
stemming the hole in which the energetic material and ARCH module are
deposited; and, a transducer unit for radio transmitting said control
signals, said transducer unit having a coil for generating the
electromagnetic field, the coil mounted on or tn the stemming bar to effect
the transfer of operational power to the ARCH 25 module by electromagnetic
induction. , AivIENDJ:J~ SHEL-T (ArticJC 341(fPEA/AUI 26/04 '00 WED 11:18
ITX/RX NO 6297] ~ 049   26/,04 '00 12:00 FAX 81 8 9221 4918 GRIFFITH HACK -
25  The Claims Defining the Invention are as Follows; ~~1 TAN RAJAH & CHEA
~ 050 PCT/AU98/00929 Received U3 September 1999 1. A controlled
electromagnetic induction detonation system for deeouPled in hole
initiation of an energetic substance, said system including: an automated
radio charge (ARC!-I) module coupled to an energetic substance 5 and
deposited in a hole formed in a hard material, the ARCH module having no
permanent onboard power source but including a power circuit for extracting
by means of electromagnetic induction operational power from a remotely
generated electromagnetic field, the power circuit providing operational
power for the ARCH module and arranged to generate a detonation current
deliverable 14 to the energetic material, and means for receiving and
decoding radio transmitted control signals including a FIRS code) the
verified receipt of which causes delivery of the detonation current to the
energetic material; a stemming bar for stemming the hole in which the
energetic material and ARCH module are deposited; and) 15 a transducer unit
for radio transmitting said control signals) said transducer unit having a
coil for generating the electromagnetic field, the coil mounted on or in
the stemming bar to effect the transfer of operational power to the ARCF-I
module by electromagnetic induction. 2. A system according to claim 1
wherein the means for receiving and decoding 20 the control signal extracts
the control signal from said electromagnetic field. 3. A system according
to claim 2 wherein said ARCH module further includes an output switch
through which said electronic detonation current must flow in order to
initiate the detonatable material) said switch configured to provide a
short circuit output to the dctonatable material until receipt and
verification ~f 25 said FTRE code, in which instance, said switch is
operated to remove said short circuit and allow the electronic detonation
current to flow to the detvnatable material. AMENDED SHEET fP,ttiCle
34)(IPEAIAU1 
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4918 GRIFFITH HACK 11i TAN RAJAH & CHEA D 051 PCTIAU98100929 Received 03
September 1999 _2b~ 4. A system according to claim 3 further including a
transducer unit having a power supply for supplying power to
electromagnetic field generating means for generating said electromagnetic
field and radio transceiver means far radio transmitting said control
signals to the ARCH module, 5 5. A system according to claim 4 wherein said
transducer unit further includes means for impressing said control signals
onto said electromagnetic field so that said radio transceiver means
transmits both said electromagnetic field and said control signals to said
ARCH module. 6. A system according to claim 4 wherein said transducer unit
includes a mode 14 switch switehable between a LOCAL mode and a R.Eh~OTE
mode of operation, wherein in said LOCAL mode of operation, a user can
manually input instructions to said transducer unit for radio transmission
to said A12CH module and wherein in said REMOTE mode of operation, a user
can input instructions to said transducer unit via a remolc controller
unit. 1S 7. A system according to claim b wherein said transducer unit
includes means for manual entry of instructions and a timer means both
operationally associated with said mode switch whereby on switching said
mode switch to the LOCAL mode, a user must enter via said entry means a
valid identification number recognised by said transducer unit within a
predetermined period of time timed 20 by said timer means in order for
further user instructions to be acted upon by said transducer unit, and in
the absence of the entry of a valid identification number within said time
period said transducer unit automatically shuts down so as to be non
responsive to user input instructions for a second period of time timed by
said timer means. ZS 8. A system according to claim 7 wherein said
transducer unit includes an AIZNI switch functional when said transducer
unit is in the LOCAL mode of operation which, when activated causes said
electric field generating tneun:~ to generate said electro~z~agnetic field.
ANl);N]7FD SHEET (Article 34)(1PEA/AU) 26/04 '00 WED 11:18 [TX/RX NO B297]
[Q051   28/,04 ' 00 12: 01 fiAX 81 8 9221 4918 GRIFFITH HACK ~1-. TAN RAJAH
& CHEA ~ 052 hcrinu9groo929 Received 03 September 1999 _ 27 . 9. A system
according to claim 8 wherein said ti~ansdueer unit includes a FIRE switch
functional when said transducer unit is in the LOCAL mode of operation and
which when activated within a predetermined time period after activation of
the ARIvI switch causes the transducer unit to transmit the FThE code to
the 5 ARCH module. 10. A system according to claim 6 further including a
remote controller unit by which a user can communicate instructions l~ said
transducer unit from a lvcalion remote from said transducer unit. I 1. A
system according to claim I O wherein said remote controller a ni t
includes 10 means for the manual entry of instructions by which a user must
enter a valid identification number within a predetermined time period in
order for said remote controller to establish a radio communication link
with said transducer unit. 12. A system according to claim 11 wherein said
remote controller unit includes 15 processor means for generating a unique
identification code word which is continuously transmitted until an
acknowledgment s;gnat is received from said transducer unit corresponding
to said identification code word, and wherein in the absence of receipt of
said acknowledge sigaal within a predetermined time period said remote
controller unit enters a RESET mode in which a user must 20 once again
enter a valid identification number to reinitiate the establishment of the
radio communication link with said transducer unit. 13. A system according
to claim 12 wherein said remote controller unit further includes an ARM
switch which upon activation, when a radio communicatirtn link has been
established with said transducer unit, causes the remote controller 25 unit
to transmit an ARM code to transducer unit upon which said transducer unit
generates said electromagnetic field. AMENDED SHEh'T (Article 341liPEA/AU)
26/04 '00 WED 11:18 tTX/RX NO 6297] f052   2804 '00 12:01 FAX 81 8 9221
4918 GRIFFITH HACK 1-11 TAN RAJAH & CHEA ~ 053 PCTIAU98/00929 Received 03
Sertember 1999 ~2$ 14. A system according to claim 13 wherein said
transducer unit sends an acknowledgment signal to said remote controller
unit upon receipt of the ARIvI code and said transducer unit thereafter
initiates its timer means to time a first period within which to receive a
FIRE code from said remote controller unit, 5 wherein the absence of
receipt of said TIRE code within said first period said transducer snit
automatically shuts down for a second period of time. 15. A system
according to claim. 14. wherein said remote control unit includes a FIRE
switch, which, when activated causes the remote control unit to transmit a
FIRE code to said transducer unit which in turn upon on verified receipt
thereof 10 retransmits the FTRE code to said ARCH module. 16. A system
according to claim 15 wherein the FIRE code transmitted by the remote
controller to transducer unit is different to the FIRE code retransmitted
by the transducer unit to the ARCH module, 17. A controlled electromagnetic
induction detonation system for initiating a IS detonatable material, the
system including: an automated radio charge (ARCH) module far delivering an
electric detonation current to a detonatable material, said ARCI-T module
having no permanent power source but including a Bower circuit for
extracting power by means of electromagnetic induction from a
clcctromagnetic field generated remotely fro~ti 20 the ARCH module, the
power circuit providing operational power fir the ARCH module and the
electric detonation current, and means for receiving and decoding radio
transmitted control signals including a FIRE code, the verified receipt of
which causes the ARCH module to deliver said current to and thereby
telltale the detonatablc material. 25 4~4mYyPCtvo9za.asi AMENDED SHIr'Lf
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according to claim '14 wherein said transducer unit sends an,,
acknowledgment signal , to, said, x'ematc control(cr unit upon receipt of
the. ARM ' - ^ : ._code.'=atid.,,-said transdueexxunit;,thereafter:
''initiates ' its- timer' means ~ to' .rime .a ; foist ~ ' ;;5:i.1,. s~-.:-
~ - .. -,:y.;~t`., ~~"Y..`,3s..:1`. .. . .: ' ' - . - _ , YI* ,. ., , -. ,
, iwr` ";period ;within whieli to:.-recei"v~~ a:,~~~ ~ .code, froin''said
'remote`eoiitwoller '~ii~;it) (,_,_.; `) . _., , , . _ ., , ,) ~.~ ~;
,.~~,:. . .,; . ; , . , .,, . . . . , , , , r .  ; . , , , , ~' . 5 ~
~wir~;et~in,'vthe abscnce,;of~rcceiptof said ~RE code withiti said fix`st
period said s;~'; . .  - . . , tiansducec unit automatically shuts down for
a second period of time. 16. A system according to claiux ~ 15 wherein said
remote control unit includes a - .F1.R.E switch, which, ;when activated
causes the remote eonttol unit to transmit a _ i  ` W-code to said
transducer ,unit .which in turn upon on verified receipt thereof 10
~retcansmits the FIRE code to said ARCIi module. 17. A, system according to
claim 16 wherein the FIRE code transmitted by the remote controller to
transducer unit is different to the FxI~E code retransmitted by the
aansducer unit to the ARCH module. 18. A controlled electromagnetic
induction detonation system for decoupled in hole 15 initiation of an
energetic substance, said system including: an automated radio charge
(ARCH) module coupled to an energetic substance fold deposited in a hole
formed ira a hard material, the ARCH module havirxg a power circuit for
extracting by means of electromagnetic induction operational power from a
remotely generated electromagnetic field, the power circuit 20 providing
operational power for the A.RCI-~ module and arranged to generate a
detonation current deliverable to the energetic material, and means for
receiving and decoding radio transmitted control signals including a FIRE
code, the verified receipt of which causes delivery of the detonation
current to the energetic material; 25 a stetaltiung bar for stemming the
hole in which the energetic material and arch module are deposited; and, a
transducer unit for radio transtriittiz~g sand control signals; said
transducer unit hawing a coil for generating the electromagnetic field, the
coil locatable ahout an end of the stemming bar extetnal of the hole so
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