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~PCT/ AU9%r3|I 0092.9' ik tr?%@%n%?f%@@%%&’é@T%m ON DETONATI ON

SYSTEM FOR | NI Tl ATI ON OF A DETONATABLE MATERIAL Field of the
The present igugRtRMiSkat €s to d controlled-el ectromagnetic W"mm ”
detonation systemtor rnitiation of a dctonatable material, ari
particular, but not exclusively for decoupled in-hole ini t| ati on ‘Gpooeg*

det onat a e r d of th ntion roughout this
speci fi cgitl orr:%ar{“]a&hf al s h%hg 2rim ™ §4 8h gﬁ‘f‘@“ﬁ%ﬁeg? i ‘:F"cu?rb gﬁ@‘@(&“’?n a
broad and gengstem forinitatido of m«ibmnieabw’lmaﬂem.t dndtih pEticlam] B@ ot ekcl@sveR

el ectrical detonator ) fuseh tric tch; and, any energetic
mageri al suchtt opdes e%?dog}k?ge m‘ﬁ‘?"ﬂ%‘e Iaa‘??f""?;l‘ﬁ fnﬁ@"‘lqa Expl osi ves and

propcliants are used in the mning and construction |ndustr|es in 15 many

different ap ations, jncluding tunnelling, stoping civi w mm Iﬁm&mand
boul der br ea%—ﬁg@‘??‘:{—]%f. BHVERoR i tj ate the expl osive yr ‘ ““ ‘

type of detonator or fuse is reqU|red The detonator or fuse i*rs6ib@dr N can he
set off either electrically mechani cally. The present invention is

concer nelf wi t FRrpEBow; tF“éISE“scsﬁCé‘I‘@c%Wdlféalﬁ“ﬁmeltm ‘Setopatiblf mateddt enwsedin or f use
or other energgid GndBefddcalensdBSting | Mmuab f deflbd 1@l 39 Qf 1@&18413“ r' ¢
detonator or fuse is acconplished by a physical conductor Such as a

pai r connect edftegetlopndisenfusehsad, heleese oniehy randn dnytenengetsp pogiriak sertd a150 an

el ectric powety mp@lﬁfo h%tgné%tlﬁg When the switch is closed, current flows
t hrough t he W||Pe to itrate t e detonator or fuse. 26/04 '00 NED 11:18
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T i ’Exploswfn,s Jnd - gfopcllanfs e us¢15_, in .llhe mmmg %cggﬂﬁi}gndmfﬂ&s 1n fl L
TAN RA.JAIHS & OHE‘A! dlf@ﬂ@@t apphcaupas ;uichtdm‘gv tupheling, stoping~icivil. excavations-; and
—i"'~.0/ ' == ~~r ~ G5, ;t i ,,.y' : ~f,, ~
,a". V@(' bd’uldﬁrmjﬁqn?m,l ( p, . L.~~~ ;~~r [ u~.'~f I~ rS~tfo
‘ N ~= - 0 rY.' 1 y==. =V ~ry. C, .~c~'S ,'i;i ~..Y
~j -~ ~ hITY ~~

(5£:~:Xf ' | ﬁlgv ]§ order to 1rut|;atf.y hle- cxplosxl_es .0 éaropclla}nksom?/ 1y,p§ qof %onaﬁor I:or fuse is

pC f/ AU98/ OOQ&Quu-ed Thre, dctonato,rror fuse i ©HC Bad ¥ &scOloffe k@Gt Mdi€chdaily i@t i on
system can sorretl e of f prempturely or accidentally "through the
i nduct i on; &%&?é*yc%rﬂrﬁsﬁ?‘s‘“’feﬁ“?’h’é CRABEL HYR depYirdest sleEr dEtRitagnet i ¢
fields' (20) th[ra)dlgdihafoald)l'ﬁ%e ofothéteenkighidd @dtedg el ectric circuit conprising
tile wires,  swtch and power supply. ' ) . . , S Anot her
electric initiation system avail abl e under the br and nameMagne-Det is known
in which a paMosOdonghély, theindANEY 6 O Ele&th@ﬁe:@xfa%r 3t kRE I?@E’ccBBpﬁ‘"hgc?%g nat or
extend through a, coil through which a current flows. The current flow ng
through the cBMSICEERRdRLOrSuehy Ay %H‘t‘fetlﬁ“fclowt?hlﬂo‘ﬂ’gwﬂd tq He dstnndigerot 8 whi ch
inturnis usadogp%s&éﬂamdetaer&ﬁt:dnegxowcrcéaf,ﬁlwtaaé%f?:\éﬁVWheB h{c%“ﬁ%ﬁﬂse(gbéeﬁ al so
clearly prone to accidental or remature activation by picking up
stray el ect r oRHEHEEPYS Hrghdhe wirg ‘Odﬂlt‘tllhétyeiciomt?ﬁ atfissn 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
provi de a detonation systemin wwhich the 15 |ikelihood of accidental
initiation of a detonatable material is substantially reduced It is a
further object of the present invention to provide a systemfor wreless
noncontact initiation of a detonatable material. According to the first
aspect of the present invention there; is Provided a controlled

el ectromangetic i nduction detonation systemfor initiating a detonatable
material, the 20 systemincluding: an autonmated radi o charge (ARCI|) nodul e

for delivering an electric detonation currgnh,tQoasgef Qnat I
said A RCH rmdul e |ncI ud| ng a power Ci rcwt for extracltlﬁgqgjg\%é(%%%r@ @3005
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Pr ef et YPOsalile?S-t PdnEldbd@rL dhist |ncluﬁi§§F1Tt&é‘éﬁ% tar’
jinstructions and -a B°timer neans: ,btu' ~ §
made switch wher eby ‘on_swi t'chi ng.sék d . ﬁ.e- -LﬁU\L’? & A%
user nust enter via said entry rrear},s‘gn ald d? “i dent i fi. catten numer, 3;_ 7
recogni sed -Wp osmdrts t ransducer uni t-W-thin a predeterm né’@Tﬁé‘P*i’QS‘éFf’of T r‘r‘e
timed ~ by said tiner neans in' order for further user instructions’ to be
acted upon by said transducer unit) .and in the absence of the entty. 10 of a
valid identifi cati on number within sai’d tine period said transducer unit

aut omat | cal | ¥, ahihs JURLEORRGSP g 12 ERARRSI BeCsck OFTIBRMabAPYIlor
|nstruct|ons secon per|o time tined by said tinmer neans.

Preferably sancdicntalﬂy Amgthcbe inghicton; ol Elaeide caeOARM iR $OANGRR b B4l when

sai d transducer _ unt gp;&l OfniRREY AliRO ciblich :
activated caglg%trso%ﬁcggl elogdtﬁmlu “‘nggl’eené?’a.rng rretér?s t‘o g?leprfl\%r ate said

el ect ronagnemcomfds.edvdtch Btcaioewcatnlpplysal d transducor unit _ includes a FIRE |
switch functional when said transducer uni't is in the LOCAL node of
operation and whi ch when acti vated within a predeterm ned ti-me period
after acsi vatsinoteokleithe ﬂEMoawytstein mum unthee e draducamre iigee-PY tsransmi t

the FIRE code to the ref abI )

i ncl udes a s*BH# f"t’gw}b‘gli‘ afpﬁlrr ° g‘@?fﬁ‘? Ctﬂrd y%\f@l&ﬁ @% &d%wéﬁ&gul e and
det onat or carﬂubleghd@&ﬁﬁth}cﬂgh wmhmmm@al drttertﬂxﬁsﬂtuhmingmmughmm eriles a coi l
for generating said electromagnetic field) said Cr?. mount ed on . in the

|
stemm ng bar Biesshatcureide Y thigealy fhe gopfyctqss, S Ih’r“oﬂl&h i fgedg i ng bar

and | 1ink Wigk@pdddg - sHenm! tlotvew:tmtsosytstemnﬁf flko QRat@picanab midemaltm- the
ARCI | nodul e by 25 el ectromagnetic induction Adv ageously the stemm ng

bar is riusalfréatgepgiyauQey\RESINEIIPIYRY HRPTOORES 62/ ~ 008 28/ 04 ' 00

11: 91 FAg 61 8 9221 4916 GRI FFI TH HACK ||| TAN RAJAH & CHEA A 009_ ,.
t ~ "t B~~
~' o~ ~ ;~, yAljgof tbe.ﬁc 1prt1atpn4ystcms Feqllllﬁt manuplyconn:cttonsof the dctonator to agource. -y
.....u"~ i <bJ'r|~HV,:,,1 T ot" ~ .t ."29 oo,
o~ q_flmuauoncﬂergy,s ,j,.'~ ~Y1lar T~’>r i\ oL, L s,
L= -'.~~_tae;:-~_, _t~, t-teemr= . -0 0 o, |
. . . -1n . . ' ' 1~ ~y
- ,ta~L~ ,,.~r~ x'~~T~f~~d~,:.
, "~ ay. 5o . ;E',i.'~i = ~i ~ ~ -r~y -y’ ~r|,,~-,.,,~

; ' \AP 816: 0%jebt of the PICE‘F; EU@%TB@ pi-goqdc A dctonzm%tr sg?tem in witfch (h&: - 05

erably said system
further lmcl UtieSihaodr ﬁrmt:ﬁezmnmnaﬂdnewf 4 derotawble muhiid Hs subgwetially apdusehmuni cat e
I nSE I"l[J(r:talnggu'é r1§aal erraé Jsggtu%etﬁé pumnE 1r]:v2t(1)undn olp%:v?‘ ! OQ}(S{‘?&W&}QVJEEGQ%%I d ( 1
~ t contacPIuﬂfaﬁbxﬁaﬁ)d&Etorﬁﬁbld mat@nnt e controller unit includes means
for the manual entry of 5 instructions by which a user nmust enter a valid
identification nunber within a predeterm ned tune period in order for said

renote contr Olpicé‘&dlhﬁ t@%afli}l;tl Bfecof 8l Iges@ﬁrtmaﬁuts:atﬂeﬁnm |pircvidedi & bonsralid
transducer unit At in an alternate e he r cnd1onktroller

can be key- swbtﬁétrf’”éﬁﬂé‘l"%lé‘dmm“ ftomation, BisPmsior éf“‘r“’é'ﬁ'ﬁt e e@dﬁ‘f“ﬁ%l“f‘a uni t
i ncl udes pr ocegeQy id¥RAMRS: for generating a 10 unique identification code
word which is continously transmtted unti] an acknow edgnent nal is

recei ved from sai# avfompisddetiochames (AR Praedylsniar Agivearess °‘i"&°e?‘1€tl?‘%t‘%“at i on
code word, and wherejn,iluddigaabsees, id HEaal Rloddk iwhidheas kowe wdge si gnal
wthin a predeterm ned time period said renote controller upit eaters a
RESET node in whifch extusierz mewer obicemergai Al eplp@iomasaets | Jopetent ifrtat i on
nunber to IS rei ”ét&éu%hﬁ ehceﬁ% ?Jﬂ Pr?éﬂ&e f¢ebiend acic GBRNIUGagdvan | i nk
W th, said transducer y sa| renmote controller unlt further
i ncl udes 25 an. Amchtvwmvﬂunmtnpenau@naumewera&r i hat ARRH mpe gnd g glectne

comuni cation lin been est abli.she t duGel Whiskincgauses
the renote controF‘Tmr%o it %@ahﬂs%nﬂtgr%écgl\ﬁ?%ogde dt:&g(?)b'atﬁlra‘(rillsduct or unit upon
whi ch sai d transdoasmnl sighds pelndingaIRE aiode. dicevdrifiodueraiot PT Whick cguseD Rowever
in an alters five enbodinent the renote controller can be hard-wred to the
transducer unit. Preferably the ARM code is transmtted by said
renmoteroller to said transducer unit is different to the ARMbde sent by
said transducer unit to said ARCHdul e. Preferably said transducer unit
sends | now edbnent signal to said note 25 controller unit upon receipt of
the ARM code and said transducer unit thereafter initiates its tiner means
totime a first period within which to receidvesaocklvis code firomxsd G260NMGt @6
controller unlt V\/ner ein the absence of recei pt of sa| d Fl RE code W|th| n
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ARCH module to dcliver said current to and therebjf' initiate the detonatable
material. .

1
]

Preferably the mcans for recclvmg and deoodmg the- controlg sxgnal extracts the

, control mgnal from sa1d elcctromagncuc field. RN

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

m saxd ARCH nodule; to time a predetcrmined period in which said ARCH module

. must reccxvc decodc and venfy said FIRE code in arder to deliver said detonation

current (0 the detonatable material, and in the absence of which, said ARCH modulc

awtomatically shuts down for a second predstermined 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 IFIRE codc, in which instance, said switch is

operated to remove said short circuit and allow the electrenic detonation current (o
flow to the detonatable material.

Preferably said system further includes a transducer unit having a power supply -for
supplying power to electromagnetic field generating means for generating said

electromagnetic ficld and radio transceiver means for radio transmitting said control
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 trunsceiver means transmits

both said electromagnetic field and said control signals to said ARCH module.

Preferably said transducer unit includes a made 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 transducer unit for radio

" oo

26704 '00 WED 11:18 ([TX/RX NO 6297} hoo7



28/04 UOr yll':30 FAX: 81 8 9221 4918 .

Ut ~~- V. it e
:', .3l . ( " Bri-ef":

An' * enbodi oi cnt ~~of -~ the ‘ present: Byeity;

by, way of woegmmple only wth refererrce T4

ia" whiclr.'", ~ - - ", Figure | ~|saschemat|c !

representation of one embodi nent of the .5 controll ed el ectromagnetic

i nduction detonation systemfor initi ati hg, an energetic substance; Figure

2 Figure 3 Figure 4 10 Figu n I renot e
controller ?gFWQ §95?9ﬁ¥g-é§§HbF8@ﬂ Jgggwg%$%fthgggﬂgggggnbﬁghﬁf‘of t he
system is agpkgiok, duegtannpit iamieitho tettlraadlice: wiaige romdutatoller. t he
system when joi ned: end-to-and:for a stat e .diragr am.descri bi ng t he ogeraunn
c~f the remot®tconfrolier showci in Figure 2: Figures 8, 9 and 10 when

joined end to end forma st'al e; di agmm :for the operation of the transducer
znodui e shown in Figure.3; and 15 Figure | ram f a second

d
crrt bodi ment Peferably i Fagsduger yuif, inclad %?rfﬂ“af‘ef:ﬂft%a“&%ﬁf‘%f’{(’é‘?&“%ﬁ%‘tsaﬁ &d

Descriytkon ghet heeaRY &l bpdadorgdiasehsd Ruiskdoibd dwidh edrrcbe @een than
one enbodi nent of the controlled el ectromagneti c i nduction d%@)natl on

system 10 i ne‘{"m spid PR FUFNEG Be PG eTBtR & WeCPUSLARLIVE Y E¥Rbonent s:

a remote con vah@11d&t1ﬁ£ﬁﬂ§%b€p Fechiided 190 said 1S4@HAE N@itb@Itidts and, an
automated ra o c arge (ARCH) nodule 18, although as will be. apparen~ not

all of these p@dﬁpmnm‘ﬂt petigd eof firace §51ad Py %%lde‘é@?fymémﬁ A GEAeFERSt fughert et

L S R s

~ . ' ~10 a ofvh vayd "1éé:ﬁﬁﬁeatxon gamber awithipysajd timg- pegied q;zud ,ua):sdgccr ynit i -
11 v Yoo _ .a}itoglattéally shutgéown ,‘,l() as f.:d be nom :eé%oﬁswe fo usl:{';nput 1§su~uf:mdns %r & ~yti

u~ _al L
:~~g~ eseconﬂlcpcnod,ofmthémgdbysaxdtixﬁermeans ,~:;" , ~ I~. po., =

rfy ,'P-'s~,.-r, L LS~y -l a0 -
,r~~ e ~'1,=" @ ~ ol ai: ‘~~erp7Lsa t J,. .. )

,~ YR _ . I(ncferably- said - transdubcry\Mtt ,includas-Jin ARMM switeh ' ﬂmdtmﬂ_z;l whdnT said

My on-© e WC‘)&J d. hlth,/ 0 Ctl ted—catmcs | r
L re~ . [-ransdu&er unzﬁ‘é t:be 1[(8 e t‘bo(ngaramn w when ‘actiyate " opei
n;~C !igs. sia éfccf.nc ﬂcld gcrrcraung means.to ’géncmﬁe $pid elwuvjnagneuc ﬁ¢1d| a' .. ."k..
n7r1f ': - 11~~~ ’ h' ’ )71 . f--y y . S:I~I ' nf' r~|r
"L.gtt.. ~h’>~r e ' -'ls~Fv , ~ "' f "1/ U

~o. i, Pleféra‘ﬁly sRid’ trakaﬁuccg anztn méfdes a. F[RE sthch funcupﬁ[/ Ah&B/ Sﬁﬁg ~9 .
g =, < <

v . $ - tfa“Sducef Unhis An fﬁ?&%‘}& &iedq Qﬁoﬁeé’mﬁg éﬂd fvg'i‘:h “'-Hc’é F‘t"l)’atg;( E:" év Ttion or

fragnenting a {%Ltét%ﬁm%%ﬁe pdtRh & 0actiarioh bf & AN IskReh da0éed tiidweanbiustder 22,
The. ARCH modll e 18 together with a cvuplc;d detonator, 24 is ~apiulied :

tv .Lhe= boftmutiotr??é?iﬁﬂmtﬂh?(aFTRJ?rcﬂoéﬂtZ’(}hf’AR ‘madufe: stemming bar 1 G - The
- - ( - . ., ARCH nodule' 18 is typl eal | ~% spaced
from or othervvlse not dlrectly attached, to tho~ -. ~
., . 502Pr axProatrably esill kystem furdesinglndes Agtenbaipe bpnofpr aﬁmmnauath%ﬁ %C*‘ Tti
-this way; tide fraemdehanist enm ng
bar 16. The stsaélcrln)?t\lﬂngﬂEt)%rﬁ&%%“{i?%P%%ﬁ%?%?gﬁgﬁyhgﬁqgh@eﬁﬂd 28 distant the
ARCH nodul e | 8nc®dbendx;llffmognntmenﬂtGﬂldedZ@rOrrLagmltiéwdabGﬂttw’eﬁd’urz‘Sd 8 of He,
transducer unit 14 ot a ansglcel Hait 14.
-, 10 The‘#eﬁ%‘t‘%”“@on Iﬂfaﬁ] Sorcl% "EEU]{] gir 'Hﬂﬁﬁgre Wi t%lrrn t he
radi o range oftinkheitit tta:n;smkter cirevium tranif&r op&rtatgaenlepcaftbr te thesAREHemp@ie OB
controller_ 12 is operated.to. transmt instructions to the transducer unit
14 that i tur"h“&‘%‘ﬁﬁ%“et“hglfl?%(?f‘i on and operating power to the ARCEI nodul e.
I8 froma location renote fromthe ARCbT nodul e 18 for the subsequent
initiation of the detor\ator 24.. The instr ctlons frvzzt the renote IS
control ler 12 Af@n@gusly tbf seraRing s 958 i st ant t he det onator 24' The
instructions sent include ARM and i ~7RE codes. 'I'hG transducer nodule 14
upon recei pt of the ARM oodcs operates to generate av el ectromagnetic field
and to rctransnut the ARM code typically in a different forniat say ARM1,
to the ARCH nodul e 18. Advazttageously, the ARM1 code is inpressed onto
the el cetromagnetic field. The 20 transducer unit 14 then waits to receive
the 1~ RE code fromthe renote conuoller 12 If the 1~IRE code is received
within a predetermned tune period it is retransmtted in a different

format) say IrlltE-1, to the ARCH nodul e 18gbys 664 mgpi MPI£SSEEREMNG B®71 Goos
|nduced eI ectromagnetl o f| eI d. The ARCM rmdul e 18 does not have an onboard,
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wi.th both a RAM and ﬁd}l art®Hdress FECHHE MG )
: éﬁ"ﬁ; g '§f P ,Qedl c'at ed

functiorality of the: rermte Control Ié"f“
sof tware. 1S The m)dus Operandl of t,;
the stat.e di agram-of . Fiiglres 5, 6. ang; ' gl sy .

t he POVWER-I' ﬂ‘g""l"’éﬂt’q ne"for the rerot & ““ontroller 2 84 WS’Q‘P%I y

indi cates the start of the POANER-UP routine. State 302 indicates that the
power to the renote controller 12 is teryred on. This typically woul d occur
on the flicking of a ONIOFF switch (not shown)_ After -the 20 power on state

302, the uucr Brefeoatly sdi®tysia fushdratiRMs alremb@icBnAMr udler} which aSlsat &n306 a
LED functioztali t%/lﬂcheck IS [gerfozmed This step invol ves sequenci ng

through: a subfHt e3Esiricgonshie; i Easdusehunit £pmy hdrcatigtoremoteokon 1saidst at us
of *vari-ous coﬂﬁhsaﬁceﬂﬁmgr states are- oper ational . .“The conditions and states
tested are the’power state 310 indicating that the renote eontcoher 12 is
povvered the LIV K® state 312 indicating 25 that a.radi o comuni catlon i nk
has been est abldsiil stiall WRRR EORONSMRLE kA Thdfl 2 uah ucer
nodul e 14; the ARil\l/)?fslt ate 314 |nd|ocat| ng that an-ARCH no u@ gtaﬁlﬂﬁ ar med;
the FIRE 8t at 8SBAHORN AY cultithg ¥sanmush entey REWélddiéeIﬂ!éisatbeemnsbentwmuw tahe
rrnote controll.gg, 40 8 RGH u t sd le 14; a
1~AULT state §f8 frr;%imcatl vg of a (?Fguléogls%tlgt ﬁfgglgysﬁteénqcﬁ% ah{%ﬁl{ﬂhe DY state
330 30 i ndi catynpmuri¢pgivn finke with seit aragginter oinite rAlthdughsinran adtyrntte ermdodtings

W R R T R G2 o
, ) . ~. yn~~, ""sv: ~syt D ' ~is' r': i~r=rewW'~'S

] e /i‘cfcrab_ly 's2id” %.mbte ?Oéttrol,l\cr untu mcludes p]rﬁwséor rv:ani for gencraaxtg -alsla.’ ' 45 d
~ o, flor~ Sm%&ﬂdgmmﬁtahon cod,c tword ° wl:uch is~ csmnmusly< trangbuitted ol “an; 1T

rs ~i ; n-i ack1 wled ; ' it it~ f LL;~lIt:~ ~~ ",,S
gt ~ ~ ~, ', A0kno e S‘gg‘“ is “Fcc“'ﬁd grog § Sa“‘ tfﬂtsd@a uet yomcspgpdmgsmwd /0.
~"~C.. , , ~~Td%ntxfilcaﬁbrl codewdrd) and whefeinYin the absenoerof mcctpf of 34id ﬁ@lmow%dgr
"~ ~"uR g trti  f N~ '~~'~5~r4~~mA.G Y, t'

Ki, V.. ~ at L. " stgPal mﬂmﬁ prcdctemuned u,gle pcnod S remog: ¢0|ntmll¢.r.§mt pn:crgkt RE@ED 0_
S:~ss."~ i V ‘miode ~in which fa"'ﬁ@r “ust once aganll 'cnger a valid 1dcnt1ﬁcat10rz lﬁux‘hber to r
LT .~~11~::~a|L|y ~~r. ~Y .I,.w~n ~:;r A~. ., . 1~~"
or o, -LS, ' rgmtmta the. gstablgghment of the mq‘hpggmmumpatlog huk thhzsmdmnsdacer USIt nrv.

N eat - Y< Prc”fezal%y said - rcrg{)tg tchtrdﬁcr umt k’urther n;c[ﬁlies an,)A)éM SVIilltCIaW@%illup(Jﬂ
"OF GT/ A@gg@gggzghsm. a zadio cornmunicat;onr link fha(sr becn estabhshcd with ° smd~

RUTRERE vabsgiees i Tatsed e a0 chIAY RGP o b n 2y T el state:

entered in the P outiae't: bac al al e 1 322.
. - transducer unip\wipem whigh smhlt:snslu:air elpntghmmsrmtdeelmmmchceﬁclaz
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pur pose of the "EETABLT28H TRIRKRET oS @5 a8 chnovdedggionts pgsal | P ngeid renqiadi o
conmmuni cazq on, codirdifer iR UpoRIS@E F ROARM cdde add1@rd@8suEY Wt héigarel NK key
on the keypad 30, is detected and acted upon by subroutine 330 which
i nstrucus t he WS e tigler Geangto gimesy Srst peapods widkin avbighHe TREYBAFBEOfE and’
at " step 334 tonéRagidlBRoRBHEME: KQY wiiRaH e N8sdnbabs Pcb@ptk&ysajdsﬂklﬁecc’d!‘, NF~ key
a corresponding LINE code is fetched fromthe menory section of mcro

control | er 3z Withigsaidfirgareriod neid tirmayiuees auittaylomstiodlyt hutarioys dot b aewrdt o
produce a FSK signal which is comruni cated by bus 38 to the Iranscei ver 36)
20 The transceiver 36 is turned ~hl as indicated at state 33R and the LINK
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Assum ng that the LINK code is received by the transducer nodule 14, and is
correctly decoded) the transducer nodule 14 transmts an acknow edgnent
back, (ACK ~ACJ~) code to the renpte controller 12 as indicated at step

342. The ACK BACh'. code is then 25 processgdsatooStsdPiB44 and, Makd Qys,
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applies to the receipt of tha FIRE code fromthe r; ﬁgcont ler, ) 2
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has an intc; rnaldetpme@@mﬁl%e nanely the battery 56 and therefore is
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t he mcréﬁ contro%l em@g _ogt ed nagtSHstate 402. At sf\gate .404 a
functiona,lity temdUIGsﬂm:@ﬂmﬂ@tle@don t he chopper 52 The status of the
transducer nodul t2h { UabYdifials Ssafd @4rR6heat uiif at e
406. The stored eat'!m?lsa& tetetlrog} %’?tgrg&glentgs ‘Eﬁ 2%1 the remote controller
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t he transducer %’éﬁﬂf‘%d“ eb é%&‘ 'E%chp‘rno‘ﬁ)crnr ate response code fromthe;
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acknow edgnent back signal at state 414Si nmul taneously, the transmtter
portion of the transceiver 46 is turned ON at state 41 G so that the
acknow edgnent back signs! generated state 414 can be sent at state 418
back to the renote controller 12. '(t is this acknow edgnent signs! which
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Brief Description of the Drawings

N

LN

An cmbodjmcnt vof the present invention’ wﬂl now.be descnbed by way of ‘example

only thh rcfcrcnce to thc accompanymg dmwmgs y wluclL RUEEN

Figure 1 is a schematic representation of one embodiment of the
5 controlled electromagnetic induction detonation system for

initiating an cnergetic substance;

Figure 2 is a bidck diagram of a remole controller of the system;

Figurc'B is a block diagram of a transducer unit of the system;

Figure 4 is a black diagram of an automated radio charge module of
10 the system;

Figures 5, 6 and 7  when joined end to end for a state diagram describing the

operation of the remote controller shown in Figure 2;

Figures 8, 9 and 10  when joined end to end form a stale diagram for the operation

of the transducer module shown in Figure 3; and

15 Figure 11 is a block diagram of a second embodiment of a transducer

unit and remote controller.

Detailed Description of the Preferred Embodiments

From Figure 1 it can be scen that one embodiment of the controlled electromagnetic
induction detonation system 10 includes the following separate but interacting
20 components; a remote controller 12; a transducer woit 14; a stemming bar 16; and,
an automatcd radio charge (ARCH) module 18, although as will be apparent not all

of these components are necessary in every embodiment of the invention

26/04 '00 WED 11:18 [TX/RX NO 62971 [Q011
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~ . -t-, . .~ 1V -PCT/AU9810092 ' . 14- acted upon at .

states 342, 344, 346 and 348 ~ in the ~STABLxSH LI NK z~outine of the rermte

controher ' Iwhmachla u;ysk:mm 13h&@groﬂaﬂstﬁlai&vﬁtpﬁr@tfagmt@ngtas:umeermaaH&l@nance of
>, i eti veen vt he

i celm’)t s' cont?rodﬁ F~és‘rt dF‘tl"Zl intodhs bopldey G%eFL‘ftf‘R@F]{]‘@"dL‘F%lg togefhr Jiths opplsdted '

'S detomator.24 14311‘11511&@&:0@& B&tou@bﬁth%th%lcezo ﬂ?ﬁtefz@ermxﬁxﬂé b%us $slange of t he
acknovaedgrrerlt-~|gt|a| “from sl-dte "0 - ;

Y module; }8 is typxcally spaccg fromyor ot@arwsg mptndxrectéy ammqq@ the‘: g pi edet
wed ~ 4 uney: kT S FUEAn fb‘df’ﬁ’)%an SEEYe. rl Wﬁh B codn

S|gtta| s sent- at state 4|8WI h|n ve s nds” of -
at '. state 4@81%?#9'516?1%%@5@%@&% the stemuieg] bGFES. at’l‘hstseanenmzzmeﬂﬁoetuvcl y

T e i Bl S A . 1

~~; ~; '~ 20. Located about cnd_QB Mesthartianglucdr ivalt 16 he-ankn ovdodiigwent ofsihgnal |

rece| ved Wthﬁ% &l}g?“mqg period set at state 422, the transducer nodule 14
enters state 3 ch it listens:for the Al 2M code or eonrnand from
the renote contreller.12, This cotnnthces the ARM xoutinc shown in Figure

x0. At state 8th C 48 interro e nal s recei ved by

t he trangoélel v ?e E%angrggcftgﬁnﬁ"\mh%? ﬂ"gc?f Y Rse ""g‘?’l’df‘o'rs‘i“faﬁ1 o {TRRge ¥ @Fcode 15
This is achl emdmmtﬂmadlgagarﬂh&u'lg%c sérghatmtiollanem bpdedid kdhemf enot e
controller atg% corr‘t% %I ggpt he decoﬁb%m gnal s with- predeterm ned signals
S toxed in a P8 afif SRSV e o Bt BF BT SeRfis APYTERAR: P PRSFSUAS. | f t he
ARM code is rm\z@dueamdcmﬁddﬁleem fHE aNoaion &M Bbinahe ARCH FRGUNE t he
chopper 52 at_state 43g. The chopper ;52 is of conventional construction and

operates in t %5 U SHRSRIPEP AitiatioR of dheodeienatos 24n Thy ingtuginnp Giovs ferfempe DC

pover supply Erollddi 2 dlititromS Mbﬁ@n la)étahh{%e 'd@t@h!&&' Me BRURkHRGons66 tO
the coil 62. In one enbodinent, the coll 62 is wound around the ené 28 of

the stenming BaF mplrde HRM epd FIRE gades.h The transditgsy module 16 uporysechigr ofwtheh t he
coil 62, act ARMABoR sﬁérz&&fta%@@e&at‘!"&?@mé&%a Jééa@%fd a'iﬁ% th §ct89§1§19h1'cflﬁzx¥]x
Oorrespondl ng lines of maanetie flux are s tanti a conned to e
stemm ng bar fd¢ @Rials iy 3 | difiesent format say ARM-1, to the ARCH module 18,

Advantageously, the ARM-1 code is impressed onto the electromagnetic field. The

20 transducer unit 14 then waits to receive the FIRE code from the remote controller 172.

If the FIRE code is received within a predetermined time period it is retransmitted in

a different format, say FIRE-1, to the ARCH module 18 by being impressed on the

induced clectromagpetic field,

The ARCH module 18 does not have an onboard, nor is hard wired to a permanent
25 power supply. Rather, as will be explained in preat detail below, the ARCH module
18 includes circuits for extracling its operational power from the electromagnetic
field generated remotely by the transducer unit 14. Additionally, the ARCH moduie
18 upon receipt and internal verification and checking of the ARM-1 and FIRE-{
codes from the transducer modulc 14 can then produce and deliver an electric

30 detonation current to the detonator 24.
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5 codmg and decoding of the FSK 51guals sent and by thc rcmote contro]lcr 12. If ttus
tests dgtccts no fanlt, the remate controller 12 cnters the READY state 326 which is
accompanicd by the illumination of 2 READY LED on the remote controller. At this

state, the: rcmotc controller 12 1s sunply wamng for thc next mstructxon via the

| 3 ,...

kc}’pad and mtcrfacc unit 30 o S "'f'.‘

Ca

10 Rcfcrriﬁg to Figurc 6, the remote controller mext enfters an ESTABLISH LINK

routine npon activation of a LINK key on the keypad 30, indicated as state 328. Thc
puq.:osc of the ESTABLISH LINK routine js 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 instructs the
1S controller 32 at step 332 1o scan the keyboard 30-.and'arstep 334 to read the pressed
key. Assuming that the key is the LINK key a corresponding LINK. code is fetched
from the memory section of micro controller 32 at statc 336, and then used

modulate an oscillator to producc a FSK signal which is communicated by bus 38 to
the transceiver 36,

20 The transceiver 36 is turned ON as indicated at state 338 and the LINK code sent at
stcp 340, by the transmitter 36 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 BACK) code to the
remote controller 12 as indicated at step 342. The ACK BACK code is then
25 processed at step 344 and various test messages generated in state 344 indicative of
the LINK test results. Assuming that the link between the remote controller 12 and
transceiver module 14 is functioning to a predetermined reliability, a radio link will

be established as indicated at state 348.
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and ;' ., . > OubHmeLIs mmg@d & © %Wh‘&gprgﬁ%sr% COI {hggadrm ﬁﬂevery

i nst ance. V\h@ith Eich-msdhcﬁoﬂ@iuleslzf £ ai ptaﬁtamﬂdecabénodmfamuaﬁor emglts fikave been

satisfied a detona rent .S SW d t he det eads 88 via
the power suppPys- EAH‘%H’IE%%E%‘PG I%Fta‘aé%%r’rg%ﬁﬁ&%"ﬁés B‘@fs 5& PO second
enbodi nemt og‘ho{vhqanygd;reohdeﬁﬁaa,tlon system 10 is shown in Figure 11. In 15

t he- second enbodi nent, the-ARCH nodul e 18 is unchanged and therefoze not
shown in Figure | I. "fhe differences between the ~cst and second

enbodi ment s Therelshpldb@vaBON b tHdr ARNORy 38 GhodNRCAsidd BSiQf Thd@egr@BRE @ Cont r ol
unit 12" and the transducer unit 14' The essential difference which wll

be expl ai nedthis AR day isfistestpd by ghedmicroj conyralist 1 sraningathe devpad 2% 36%' can be
placed in a LOEAL WIDHE PlsPaf dhieOfkrakhPVF MY 1By YSBR ARM key, the micra

controller 32 fetches an ARM code at statc 364 from its' memory. The code is

11:35 fAJ? 61 8.._9.221. 49|16

15  converted to a FSK-signal for transmission. At state 366 the micro controller 32
simply ensures that the transceiver 36 is ON and OK. Assuming this to be the case,
the FSK signal conptaining the ARM code is transmitted at state 368 via the
previously established LINK 1o the transducer module 14. The remote controller 12
then waits at state 370 for confirmation of receipt of the ARM code from the

20 trapsducer 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 374, the FIRE timer counts down a nominal period, say five
seconds within which the FIRE key on the keypad 30 must be depressed in order to
fire (je initiate) the detonator 24. If this does not occur within the predetermined

25 time pcriod, then the remote controller 32 shuts itself down at stae 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 FIRE timer the micro controller 32 enters a FIRE
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 12

4~
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before which a user can again attenpt to operate the transducer unit i4'.
Valid PIN s can be stored in the mcrocantroller 50?. It is envisaged that
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back to the remote controller 12 that the transducer modulc 14 1s timed

- This prolnbxts a retry. or recatry .of ; further instructions for a

- -',pmgrammable time" pcnod whlch non:nally would be in. the -order of five
'mmutes

. Scnds FIRE code to thc ARCH module 18 and thcn shuts dovm the
' chopper 52.

The 'transducer -module regenerates its own control and initiation words once it
receives thc primary mstructxons from thc remole conlrollcr 12. On receipt of the
ARM code from the remoté controller 12 the transducer’ module 14 will generate its
own corresponding ARM-1 codc. The same regeneration principle applies o the
reccipt of the FIRE code from the remote controller J2, with the regeneration of a

FIRE-1 code. The operation of the transducer module is shown diagraphically in
Figures 8-10.

Fipure 8 illustrates the POWER-UP rputine for the transducer module 14. The

transducer module 14 has aninternal power source, namely the battery 56 and

. therefore is initially in a power on state 400. Subscquent, to the power on state 400,

the micro controller 48 is booted at state 402, At state 404 a functionality (est is
conducted on the chopper 52. The status of the transducer module 14 is determined
and a status byte is stored at state 406. The stored status byte is later sent back 1o
the remote controller upon establishment of the communications link therewith so

that the remote contraller 12 can check the status of the transducer module 4.

Upon completion of the POWER-UP routine, the transducer module 14 enters 2
listening statc 408 in which it awaits receipt of the LINK code from the remote
controller 12. ¥f receipt of the LINK code is detected at state 410, the transducer
module 14 gets an appropriate response code fram the memory of the micro
controller 48 at state 412 and generates an acknowledgment back signal at state 414.
Simultaneously, the transmitter portion of the wansceiver 46 is turncd ON at state
416 so that the acknowledgment back signal generated state 414 can be sent at state

418 back to the remote controller 12. Tt is this acknowledgment signal which 1s
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REI v OTE mode i ndi cator 530 and LOCAL e indicator 532.. , -'~lhen ~tlie
‘renote control , urut 12" '~ is turned and only when- the'rraiisducer ;
unit ~ " . . acted upoa at states 342, 344, 846 and 348 in- the:_ESZI‘ABIlISH Lml@&:%unc g@ﬁ;@
svmtched; to .-the REM~"8 node of operation;' the=LOCAl:~ B IR
T , Yrepote contioller 12 A link wajchdeg 4249) also opEBESith, Gﬂwrmmtesancatqf ~ ' the

RF. 11~ IOT~ m)glgl DgkGal by L

I ndi cat or 532. vmllhi otn y%e%‘ﬁﬁngage?t%raﬁ& @duwﬁﬁ% E;gt’lk:%%prf%’gggs has
been successfbY Wptckiggnst et &ZZWewctlmam@éMcmlﬁgmwmgm Hofh saca
transduceg un | ;:gj QEVQI‘E 5 Ki zz-aoite (ie
ail 1I's code)h%gs%ggﬂeﬁat%w a the S enc%éler sgi%agﬁﬁ' t?%cr’ld% ti[ &° by the

transcei ver S@knowipdement pigeadiiy sent 5@ Atagt 4iﬂwflthlanﬁv¢cesecmsroailrcwmttoﬂtltxelz' must
receive and d 5.%%)0*( rating
node. This |sE %ﬁichht ?%Qsmgétemgénocﬁ% 'frﬂcf?’ghoatté;ggon Tcé‘gelh' i's
out of range dbsingf dowe -thie FESTARIASH UINK lsébroutﬁe |afid tra@tting . @EAta0 pdr ki Ng made
then it canno accessea al | in order and that the AlS
decoder 524 déa%’gfes ’50\)’;3 ?ﬁt%wk%“ﬁ?@QS decoder 524 then initiates . a
timer in a:fegic and, tm‘@fvumt .5Z6°to i-nitiate the counting of a first
time perl d nqrall sa econds. Duri ng this 10 second period an
oper at or {rgrust é‘i’fpérl'gy %fa'\/‘QFi gk‘ﬂgﬂﬁﬁ%r?%m SERa i3 Fepeied within the Bog pegiof get #et ect ed
in this predetmerinate nafsd@ddr fibdidid T8 cRbrs sRR 46N kwhich QF ik if6 LbARM

m crocontroiler, 520 w | hut down for a second predeterm ned period of

tinme before - f#eSh c?‘f"“&%ijnﬁ?fé arrematgcopylicet- This gorpagrces the MR gowsinen _
entered and valowdaielighleno.t Ngr bikel SROFLNER) l:ﬁfuoﬁ&%@@rﬁér?&r%‘iés Pt tabl ish
a radio communication link with the trazrsdueer unit 14 a si ar
manner as des&CFilulbY the tiansgeives 6ttp agdauait iwhethererrinotiit wemains the. ARMaddgener al

i cons, the mM ¢hQGORLILOL] B dedadin t c de word
(ie LINK code) and 25L coﬁ{l nuou%ﬁ@%ggng%a%r%%g%%%g c%édq;c\&/nf()&: Caotﬂh erra%scel ver
522 until an a&m%ﬁvﬂmﬁ@ﬁme‘ﬁmﬂl predesrminbd signain sidwd 6n whpk upd”, if
no aeknow edgglfed i, i@ )..period of
time (say 60 segoﬁr%dls ﬁ‘cﬁﬁﬁnt h@g%%‘ré(;‘cg@%@%“?ae %ﬁ&wlt%?és%a resg‘taxﬁode and
t he operat or maﬁedagamm«beombmmseumm the\choriper §2 M. stafh 432 6TRAciopp@ WED 11:

18 t TX/ RX NO @Q Qs of] cogvenggxﬁl 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 ope 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, acl as an electromagnet when the chopper 52 is operating. Coresponding lines
of magpetic flux are substantially confined to the stemming bar 16, and as will be
25 described in 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 powcr for the
ARCH modules 18. However it is preferred that the coil 62 is actually mouated
inside the stemming bar 16 at an end nearest the detonator 24 when the stemming
bar 16 is in the hole 20. This will minimise energy loss and maximise the inductive
30 coupling and encrgy transfer to the ARCH module 18. In this variation lead wires

pass through the stemming bar and comnect the coil 62 (o the rcmainder of the
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Once the mode switch 512 is activated, a time in a timer and logic system 516 will
count down a predetermined period such as 10 scconds. Within this time, a user
must enter a valid PIN via the keypad 510.

If a user enters a valid PIN number on the keypad 510 within a timme limit counted
by the timer unit 516 the REMOTE indicator 500 is extinguished and the LOCAL
indicator 314 is illuminated. Also, an AlS generator S18 within the transducer unit
14' is activated. The A1S generator 518 generatcs an all 1's code or tone that is
transmitted by the transceiver 504 (o the remote controller unit 12°. The remote
controller unit 12" is configured to ensure that it canmot be accessed or operated

while it receives the all 1’s tone from the transducer unit 14°.

In the event that an invalid PIN is entered by the keyboard 510 or no PIN is entcred
was not entered within the preset timc pediod the microcontroller 502 is shut down
for a second predetermined time period before which a user can again atiempt to
opecrate the transducer uni¢ 14°. Valid PIN’s can be stored in the microcontroller

502. Tt is envisaged that these PIN’s can be changed or deleted at will.
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FOR L 1 ap=, P the ARG podaie sa e WW)&EW@FW stemging bar Eoikare” - |
N ACK COMVESRRAte PEPEIRTS CBEEIIDGY iwires, s, Gl vz gPF&luLcah*%e“pég&%QFEL@ Y
TR 4tz 4 fl ,A)g ng{‘m@. %ﬁﬁ“ﬂt}g ‘T“ﬂ?‘f“@zﬁmﬁ " opetatE fo@RbERINE- 2 | piCOMIAND | :)
T T SubsT FtiFaacsiant or(rmileieﬁ&) plagg/%%x%gilﬂg%;e nffind &R z\% %&{%%%&% g }287]
gailolzlzl %ﬁ {-&?:K rﬁ&d&ﬂ?‘iﬁ}mﬁ%ﬁg iorg 1schafdnfor. a quedetermined period offme hat can ~;

— : St ~~f
4n~k~~Ahsl : | , be adquiéd-bcﬂvceﬂ.)() ind@)“sel:onds “I'I'XEH, gmis sW1Th 518)8 1s not acuvatpio% 7 -
1 .1: 11.

- Ay ; 7dcptcs:i¢3d ‘within thﬂtﬁeff?%pf[)ggcb/@g tra@pduccaﬂmt 14 dxscom;cccs poiver 1hé28
t> ARM ?2"| | i§8ddr (thcrcby starving the ARCH module at .power) and_shuts itself down for a

15 predetermined period of time.  If the FIRE switch 508 is activated. -Within the provide
time frame, the micracontroller 502 firstly validates or venfies ‘the activation of the

- FIRE switch’ 508 and then generates a FIRE code in the form of a 128 bit

datastrearn. This datastream is used 1o ellectively madulate the- output of the inverter
causmg it to operate as a pulse width modulation (PWM) source for the transcejver

504. The resulring PWM AC voltage provides both the power and signalling format
required by the ARCH module 18.

20 .

The remote controlier 12' can only be operated when the transducer unit 14" has

been switched to the REMOTE mode of operation. If the transducer unit 14° is in

the LOCAL opcrating mode an indicator lamp on the remote controller unit 12" will

25 be illuminated and any switches, koypads or other input means on the remote

controller unit 12" will be effectively disabled thereby denying the user to enter any

commands jnta the remote control unit 12'. When power 18 first turned ON jn the

remotc controller unit 12'  watch keeping power is applied (o its onboard

microcontroller 520 as well us its transceiver 522 and AIS decoder 524. ARM and
30 FIRE switches 526 and 528 respectively will have no effect until a LOCAL mode of

operation of the remote contiol unit 12" has been established. Remote controlier uni
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initiation system can $0; nmes erraturey entakly-
through the i‘Agdes PBw E;‘Y‘?Cg?‘leé? TW%%@@&?E‘%OIT@ rPLt PRECALST tﬁ‘&lo(s\éxhymg‘ter ay
el ecl rai i ~agigtidator {538 ikEmiRdss irldt tﬁ@lmmml Intoae lididatde S30ickidiisAd. eTRetric
circuit comprising the wires, switch and power supply._ Another electric

initiation sy&SGHr gipds fndispter é??d&fll e Wpminale Alsren) Apftisicatioepropess iabwn i n
whi ch a pair iy fb&sitlycoppRedct ors thak are attached to a detonator extend
through a coil throughwhich a current flows. The current flow ng through

the coil induces a current to flow through the conductors which in turnis
used as the G\@Lémﬁé B GHEGE Whritch 394 Glrah %!u@er%}{ b2 's§1c&lc§ % RERRYFY Prone
to acci dental 10 prerature activation by p|c ing up stray

el ect ronagrtetm@ca‘ 18| gz IOAQImo#H flIseende)i isi gqne:ti%d)n'msylst Ab%-enedei 518 rehual
connecti on of u rv of
t he I nvention uaH]ﬁJ %FP)E e%?’cgﬁéfhg&epﬁes%!ﬁ 5 nve?t?&o%ﬂt%&ggdmrwgpm

det onat i h syt emstlnchmuanh dtﬁtt?@t:lﬁs lanébﬁommdamwmapdan@CAmet:xraang on of a
det onat abl e ﬁr Iﬁl&s fssa &?Q&E%ﬁs n?‘lsé Xl&{% Crec'\:qtote con{.rgue?‘l u{sto r ObjgeCt of
the present invention to pro e a sys ess oncon

initiation ofofaf diet umaﬂta;bd gnitrd#i’eisi il the A(ﬁmldlopg'dlhtg inbdx fhen St caampebt of the
present invention.there is provided a controlled electromagnetic induction
det onati on syas ?ﬁdfor initiating a detonatable material, the 20 system

i ncludi ng: an autonmated radi o charge {{ARCH nodule for deI iveri ng an

el ectric detopation ¢cqon-ent to.a d tonatable terial, sa dul e
havi ng no perfanahe a@t“f I fder G BRETe & sesed Fh@tf&??ﬁiﬁs ﬁvbltf{/\fé'lnc é’i"rég‘?pt for
extracti i posesded)s2maBdhSinafateg| £ Eined RYNREIcCaddNEiat 1@ 5b6 Ub tisitide the

el ectromagnetic field generated rcn-ately frc. t1 25the ARCH n~od~l. c, the
power circui t“PRYE; ‘%flang“ SHERF PETshago 3 o} sepRpdnREIRS Jif &0 é?fd’“flhe

el ectric det opabold @R ofdHibeibst eRBra WBRMTENNY a k8G& ¥iN U AmMiNdesadiegenadi o
transm had control signals including a FIRE code) the verified receipt of

whi ch causes '&is Rredgemupgspsnagiof fimetor el is|net Salif thpmicragonteolsr 520 00 WED
| 1: 18 [ TX/ RX N 629 b 1948 secodidRersBhed 1iea% BB leford3Adnd? 18 GR! FFI TH
HACK -~1-~ TAN RAJAH R CHEA Q049 PCT/ AU98100929 Recei ved 03 Septenber 1999
-6~ peri 88 of repgtivated. Preferabl y said renote control unit includes a FIRE
swi tch) which, when activated causes the renoto control unit to transmt a
FIRE code to said transducer unit which in turn upon on verified receipt

t her eof retralfsmialid RlNchaF bRE ouwded g wHided\ROHIS migrdabritoller 0eerabitgs t he
FIRE code tra t I e S
Gitteront 1o hevbliBEs b obRiRkEa B LR WY hRuLEUREHEtn HbBIAT,
A. RCfi nodul emageces dtsntgnction ammtoheqs ﬂasfpecrtnboﬂurtem Ipreesdrgenemiviemts, dr t her e
i's prowdedacotrol net i. cti n Se n temfor
decoupl ed i n- fore olmrﬁ?i[ g%d:‘ ? qa[gﬂ)'e oé%‘{‘ abie* f%?‘?%ms%‘? system

i ncl udi ng5 an cemmmbfeadndsahh gockch’wmgma(mmh@wmalueubaxupikedwkdgrmem is

det onat abl e materl d deposited (in har terial, the
ARCH nodul e having *{Bmg‘ét‘ﬁ@&ﬁ“q‘ﬁt’ Oh 1l‘o‘da dl © “8 il °d§?)’tgﬁ“ haf)u?enl [ﬁ%quglaﬁg a power
circuit for exxtsreaam Adjudnbldygarisd oﬂ‘ it gay r&mmgmﬂs)l ther rhduriciooontmpier 824 onal

ower froma renote ener at ed eletro net i eld oner
P T eui | o bui GTRD of5er R R ClsabEre or L 2 ARCEP TS IS S by 1 o

generate a detonation current deliverable to the detonatable material, and
means for receiving and decoding radio transnmtted control signals
including a FIRE code) the verified receipt of which causes delivery of the
detonation current to the detor~atable material; 20 a stenm ng bar for
stemm ng the hole in which the energetic material and ARCH nodul e are
deposited; and, a transducer unit for radio transmtting said control

signals, said transducer unit havi ng a coidg, fprgeRsrating
eI ectromagnetl c f| eI d, the COI| ~mount ed on or tn the stemnljtrlg&éal\totﬁ 7éf@05§

o Y . b o AP~ | ~r—
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transducer unit:Bavizng sa popes sty itar.: Y K {sktsics 'T«]\:g’smog 9’%--" 5
el ectrorragﬂ%‘f”@‘”f’ﬁél ‘4~ gener &t ng""rreans‘fOr ‘generati ng sar g el ect r argnet i c.
field and radi o transceiver neans far radio transnmtting sai d eontrol \
signals to the ARCH nodule, 5 5. A syspem accor di ng to claim4. wher:ei n Sal d
transducer unit further includes -neans for inpressing said control signals
onto said elnesi lopRaedn Corfthe hmcrscmntdstwr SS!ausdsuuamitod suchathgicieiwilk ignerans
transmts both sal.d electr q =t c 6alr)j%salt Su‘91nrhrm%I agpa%ks to said
ARCH modul e 295 2°RVIEY O e ALY e(EI wie? 'R Sa°a%t Pansducer unit

i ngl udfes a %%nﬂéat\%‘%ﬂk&ho w&&&mgiréxg&%&mmgb@ #s(é&edhcdmﬂﬂhaavhnatha Eh~OTE
node o operatlon erein i-n-sdixd; L L node o rati can -
manual 'y i nmjfﬂdlon%(tﬂ?lﬁ‘(’:"c“faﬁ?&hfﬂé I%Qtﬁbl’ls’i‘eé!nﬁn&u‘i‘f‘el’?elﬁ’ﬁrtp S’f‘ “‘19“8%% #‘Egilsm ssi-on
to said flz%xt@ﬁ)g% %m%&rﬁlsgnﬂﬂa»ﬂﬁ*t@nWEMdﬂc afasoyter adii o, a user
can input instructions to said transducer unit via-a renolc.controller

unit. 1S 7. Phesyansdurerabd Jhen frgcutes BF ARG SeRerce; hawewr dbe Fidusat BV uni ¢

i ncl udes means LR aéﬁwghveex%& 1 &{f th N UGl BESreaiél mdcrbéoiBblleBR0Ss bot h
operationally assocl ate node switch whereby on switching said

node switch eneblehte pro@ad furbae, Oa r«wy@r ofnyplid agignowtedgment Sfhe HRSYUGEans a
valid identificatio W@ﬁﬁ & b AR ERNGES ot danidd hin a

pr edet er m nedup%rl o@mof tl{em%&‘ﬁﬁggoﬁy@% ’[tl mer meansprl n order for

f urt her lusertimersdjinsigilé detsretro0bmd el sedndspolh -piditionj 2 ARMERJImdisAloOUMA | and in
t he absence of the f avalldld Ui g R URRET swilct NoR jsai d tine
period said ‘%’P‘é‘t’?l)séiqqu‘fnﬂaéa RS [T%hésrhg?s ggwﬁ S0 as to be non
responsi ve tativgear witl‘mpuhe nﬂa&trroutﬁnmmmmcfp@noca tmaemmstozpeaﬂlﬂmiﬁodfllﬂtﬁewbatl med by

said tinmer S. accordin al aj

transducer Eﬁﬁ?ﬁ ‘fcl‘?&vﬁ’dg@s‘éeh %%%P "‘E"’EW r‘i‘&ﬁénaﬂmﬁgﬁes@%g ﬁlransducer
unit is in themotd¥ohlrolnmite120inag paically bera B b kvordvhEie teemtduvartuad 14ame®s sai d
electric field generating tneu 0, gener.ate sai d el tro Z~agn tlc field.
AN ) : N| 2ED SREsETwlegge; 1eeqid o3 4859 %5&“-/3&9536) rogp 15 AOBe ! *NO B297]

[ Q51 28/, Ofine cd8 ateiond fimb ibArethe Ea@dcts 4RLLBY @Rbﬁﬁds'l‘irlng-iéﬁi’c.~l-. TAN RAJAH
& CHEA ~ 052 hcrinu9groo929 Received 03 Septenber 1999 _ 27 . 9. A system
accordi ng to claim8 wherein said ti~ansdueer unit includes a FIRE switch

functional weghh, 8l ﬂre%éxﬂﬁaﬁgdﬁﬁfonl&m%ulﬁﬁ)ela@pz&&ﬁ‘ HOtALsysate0akn bparat i on and
whi ch when activated within a predeterm ned tjine period after actjyvation of

the ARIvI switq dritigte Aocsletiie detorper) OE efectiiki Pateh © rG&F\‘%’?n tOpIReD P EPK o de t o
the 5 ARCH mydWieosidlh oft aﬁyék?gﬁlx@%@ngl REIR g CArabipiGivk Uit hiepeliemalpedi Ng a
whi C

renot e control [ er un|t a user can communicate i nst{uctl ons | ~ said
transduclr umaerial neesut wbmuvowew@wbt grilfed dilesim arack Aas g supilan magenay 1 A

syst em accor i adnd; ,;g@m e & Bbli@tio@ fdrithd

i ncl udes 10 ge@%ntg]?%%htﬁ%m lfm%n {gﬁt Irit Eofn 1|snst r uactaﬁsr @$IM| ch a user nust
enter a vali &R@émadﬂkdétwmﬁl hﬂﬂrt%l’otwﬂﬂlrwm‘@l%ﬁ)@%b“’éﬁ* mckhdallieg MeWsdt i od i n
order for said.r gl | b Crb @t Gaft BOTRHAL GRk icgn |1 nk
with said tral?lén ucer % dh t%% rgg,r&nfsgs'%gtrkﬁ%aé:éé%nﬁl ng&tg claim111l wherein said
renot e cont r adrillez haleiot holc&:ilﬂudesk llcﬁmgmnaesl@momn@ahfﬁ ifsest 2 GREE BEHY 1B uni que
identifigation a9 de wor ti sky S Mah{agdh: Udhi | 188

acknow e%rrenat S) g“n“anf“glg \rN{eHcel ve%aq’c’r gm ggl% lt“r g&%atﬁcer uni tr correspondi ng
to said i dentstémmmglbmoandxdeeumd Chs ofinehrsinen dienransducdrd 4 abd emepte euplsgei pt  of
sai d acknow edge SI Wt redeter m ned. iadysal dakegot e
control | er ﬁ% é“cﬁﬁgE{# hodd“1h rog?ldear%dssgﬁe %ét 0 oncé&yggal n
enter a vali dsUpﬁ@nbﬂ faReat In@ﬂulﬁurvbﬂar attaoherdeumrtamat g4 tfhe demlam imhntisdrs of the
radi o communi catjon link wi.th sal ansduc uni t myagcor di ng
to claim12 wH8Faf" W%Fr&[‘gﬁ:&mﬂéﬁﬂé édlpf?l ll’”é‘l‘cuﬁ'ﬂ?‘t“f Wvéegedmﬁz?{%dﬁ es hg% ARM

swi tch whpch ypgies@t Wyt ipicalipiane a toasli hatcanTinbeetiabbw ifsi Inkgitidisalbeen
establ i shed with said transducer  unit nfau% me renote controller, 25 unit
to transmt aA<ARVIT e PPUR SPRREESCE A HRE U’E‘

R
b 4 4,

183
s
d

WK ¢h By ‘Prahgducer unit
generates said electromagnetic field. AMENDED SHEh' T (Article 341l i PEA/ AU)
26/ 04 ' 00 WED 11:18 tTX/ RX NO 6297] f052 2804 '00 12: 01 FAX 81 8 9221
4918 GRI FFI TH HACK 1-11 TAN RAJAH & CHEA ~ 053 PCTI AU98/ 00929 Recei ved 03
Sertenber 1999 ~2%$ 14. A system according to claim 13 wherein said
transducer unit sends an acknow edgnent signal to said renote controller
unit upon receipt of the ARIvl code and said transducer unit thereafter
initiates its tiner nmeans to tine a first psvoodownivebi n:whi ghhxira ¥eeeeIMedmD 26
FI RE code from sai d rermte control I er unlt 5 wherein the absence of
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be apparcnt to those sk;.lled inothe relevant arts -that numérous madifications and

P

. va.uauons may be made thhout departmg ‘from the ba51c mVenUVc concepts. For
examplc,,the frequency shzft keymg and- pulse wndth modulaﬁon are used as the

5 modulauon rchmes for® thc systcm 10 in dié descnbed cmbochmcnts However other
modulatmn schemes can be used such as coherent or noncoherem amphmdc shift
keymg (ASK) or phase shift keying (PSK) or differcntially cohcrent phase shift
kcymg (DPSK) Also, different acknowledgment protocols can be used between

) vanéus E:'omponenm of .the system 10 for acknowlcdgmg receipt of various control

1A/

10 * ;s1é'ﬁal
example at states 354, 374 and 422 can be altered. It is also envisaged that it would
be posmblc to supply power and control signals/codes to the ARCH module 18 via
separate signals or fields rather than combining them on 2 single signal. Further, the

communication and power transfer between the remote controller 12 and transducer

‘,and' ‘codes. Furthcr the “predetermined. tlme limits mentioned ahove, for

15 14’ can be via cables or wircs, rather than by radio communication. However it is
inaportant- that communication between the transducer 14 and ARCH module 18 is by

virtue of eleciromagnetic waves rather than by hard wiring.

All such modifications and varlations arc decmed to be within the scope of the
present invention the nature of which is to be determined from the foregoing

20 description and the appended claims.
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for extracung power by means of electromagnetic’ mducuon from a

electromagnetic field .generated remotely from the ARCH modulc the power

circuit prowdmg ‘operational power for th¢ ARCH module and. the elcctric

' detonation current and means for recciving and decoding:: radlo trdnsrmttcd

10 control signals including 2 FIRE code, the verified receipt of Wthh causes the
ARCI! module to deliver said current to and thercby initiate the detonatable

matecial,

2. A system according to claim 1 wherein the means for receiving and decoding

the control signal extracts the control signal from said electronﬁgﬂcﬁé field.

15 3. A system according to claim 2 wherein said ARCH module further inclodes an
output switch .through which said electronic detonation current must flow in
order to initiatc the detomatable material, said switch conﬁgared to provide a
short circuit output to the detonatable material until receipt and verification of
said FIRE code, in which instance, said switch is operaied to remove said short

.20 circuit and allow the electronic detopation cunent to flow to the dctonatable

matcrial.

4. A system according to claim 3 further including a transducer unit having a

power supply for supplying power (o electromaguetic ficld generating means for
pencrating said electromagnetic field and radio transceiver means for radio

25 transmitting said control signals to the ARCH module.

5. A system according o claim 4 wherein said transducer unit further includes

means for 1mpressing said control signals onto said electramagnetic field so that
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U\/]c a\/]c a U\/]c a\/]c a U\/]c a\/]cla-U\/]c aVvVlc a Wjc a\/]c a U\/]C .a.U] 5
avjc a Wjc alc a W]c aVlc a W]c avec aUc aJc alc aJc alc “ {
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aU] ca] ca] ca] ca] g &aﬂoq&heaﬂvsrahs@]; ¢ahedk icald aieapapicdalfeldimiaiadd] c”a] ¢

al ca C avjCc a
I cal V] Li\é]nuol sngnals to smd ARCH module:

’5 -
Vit

. ,:_'holc in Wthh saxd ARCH modulcnand dstonator ¢an -be deposited and wherein
said transducer. unit includes a coil for generating said clcctromagncnc field,
.said coil mounted on or in the stemming bar so that lines of magnetic flux pass
thirough the ‘stemming bar and link ‘w.ith:the iJOWcr circuit to transfer operational

TR ppwci to the .'ARCH module by clcctrouialgnctic induction.

7. A system according to claim 5 wherein said transducer unit includes a mode

10 switch switchable between a LOCAL mode and a REMOTE modc of opcration,
wherein in said LOCAL mode of operation, a user can manually inpur
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

10 said transducer unit via a remote controller unit.

15 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 wser 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 s0
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 ARM
switch functional when said transducer unit is in the LOCAL modc of operation

which, when activated causes said elcetric field generating means to gencrate

said ¢lectromagnetic ficld.
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5 ARCH modiﬂ;:‘ d

11. A system according to claim 7 further including a rcmote controller unit by
which 2" 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 (0 establish a radio communication link with said transducer

unit,

13. A system according to claim 12 wherein said temote contcoller unit includes
15 processor means f{or generating 2 unique identification code word which is
continuously transmitted until an acknowledgment sigral is received from said
transducct unit corresponding to said identification code word, and wherein in
the absence of receipt of said acknowledge signal within a predetcrmined time
period said remote controller unit enters 8 RESET mode in which a user must
20 once again eater a valid identification number to reinitiate the establishment of

the radio commupication link with said transducer vnit.

14. A system according to claim 13 wherein said remote controller unit further
includes an ARM switch which upon activation, when 2 radio communication
link bas been established with said transducer unit, causes the remote controller

25 unit to transmit an ARM code to transducer umit upon which said transducer

unit generates said electromagnctic field.
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] cal] ca aU] ca ca
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W] caVv] cal Ca&%ﬁéﬂé&%c@MIE Formed in a hard material, the ARCH module havin ermanent
WV] caV] ca] cal] ca] cal] ca] caU| ca] caU] ca] cal] cd] cal] ca] cal] ca] ca ]pcaU] cal ca

U] ca] cay caamoadsmwsssmmﬁmw_mﬂmwﬂpﬁm[ {:Prmth]f(}r] ]emmpgfw \tiicaa]s cak] ca
LS/ja]c ga]ui:qa]c g(\a/} (9\1;% chél(c\l&],tlco%] gpae a%% gla;]o%vael' %r%lnc g]rgrgg)tegj gen rat d &tl:ctro agn tlcca] ¢

DYP X e hrn “ﬁ@lﬁ é“@v@ér“c%u@g i %Weﬂfo\{%{éwkbﬁ\ ﬁ%&ﬁl@ ad ﬁrafi\g@&toa] c
a W]c aUc aJc aUc aJc al a]ca caca Uc a]Jc aVljc a W]c a Wjc
al c 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
25  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.

30 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
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25 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
30 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
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a W]c avVlc a W]c aUc alJc aUc aJc aljcafca W]c aUc alJc aJcalUca]ca]c
aUc aJc aUc a W]c aUc aJcaljc aUc aJc aUc a]Jc aU c a] ca@HINPSVY] art
zt oi d*YSi d] \daosea jiee teddpducad mitto]tansmit 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  aradio 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.

20 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

30 said FIRE code within said first period said transducer unit automatically shuts down for a
second period of time.
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e e
' {vpke ZU gb] g@gﬂaﬁceahl]ecsyﬁ],rﬁ 11?cll-ﬂcﬁng'i] c aUc aj]c aU] c aJc aUc alJc aUc a]c
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a] ca] ca] ca] ca! #&A@ Qtampted4adicNGatgac(ARTH)Pmcilale dpr deliecing]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 for 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

20 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.

25 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
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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
20 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
25 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
30  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
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aJ cal] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] c*a] ca]ca]ca]calca JU z";
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aUc aJc aUc aJc aUc alJc aUc alJc aUc alJc aUc alJc aUc alJc aUc a]c
aUlc aJc aUc arflr}-6:DLOV|wl fal VPkU] c aidc aUlc aJc aUc aJc aUc a]Jc
aUc aJc aUc avVjc a W]c avVjc a W]c a]c c aJc aUc alJc aUc alJc aV]c
aUc aJc aUc aJc aUc alJc aUc a]c aVal gsu /2*noztoi d*WRfa[ VPkU]]c a W]c

alU] ¢ a] ¢ al] ctimf tingel]by saifl¢insheand.c a UV]jc aVljc a W]c aVljc a W]c alUc a]c
aUc ajJc
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
10  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

20 aradio 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
25  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.

30 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
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cal ca] ca ca caU]
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WV] caV] cal] caiai:catﬂ}nnsd]lm whit dljereafich/ mﬁaﬁt@sctsulmer] oeddf tcajiom a(ﬁ;{st period within which
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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 FIRE

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;
25 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,
30 delivering said detonation current to said energetic substance to initiate said energetic
substance.
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A system according to claim 3 further including a transducer unit having a
power supply for supplying power to efectromagnetic field generating means for
generating said elcctromagnetic field and radio transceiver means for radio

transmitting said control signals to the ARCH module,

A system according to claim 4 wherein said transducer unit further includes
meaps 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.

A system according to claim 4 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 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 remotc controller unit.

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 cntry 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 valid identification
number within said time period said transducer unit autornatically shuts down so
as to be non responsive to user input instructions for a second period of time

timed by said timer means.

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.
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which a user can communicate instructions to said transducer unit from a

location remote from said transducer unit.

1. A system according to claim 10 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,

12. A system according to claim 11 wherein said remote controller unit includes

15 processor meuns for generating a unique identification code word which is
continuously transmitted until an acknowledgment signal is received from said

transducer 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 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 communication
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.
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GHI J KL MN Od3dQafl $aid tdndMuddrXinif thereafter initiates its timer means to time a first
period within which to reccive a FIRE code from said rcmote controller unit,
5 wherein the absence of receipl of said FIRE code within said first period said

transducer unit 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 unil which in turn upon on verified receipt thereof
10 retransmits the FIRE 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 (o the ARCH module.

17. A controlled electromagnetic induction dctonation systern for initiating a

15 detonatable material, the system including:
an automated radio charge (ARCH) module for delivering an electric detonation
current to a detonatable matcrial, said ARCH module having no permanent
power source but including a power circuit for extracting power by means of
electromagnetic induction from a clectromagnetic field generated remotely from
20 the ARCH module, the power circuit providing operational power for the ARCH
module and the electric detonation current, and mcans 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

initiate the detonatablc material.
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15. A.-systéni according to claim 14 wherein said transducer unit sends an

acknowledgmcnt sxgnal to szud remole controlier unit upon rece1pt of thc ARM

&

“pcno thhm wluch to recew 2

B,

¢I‘.IRE code from sa1d tcmotc controller umt
‘whcrem thc abscncc f~m1pt of saud FIR.E code within said ﬁ:st period said

uansduccr unit automatxcally shuts down for a sccond period of time.

16. A system according to claim' 15 wherein said remote control unit includes a
_-,FLR.I: swnch which, whcn actwatcd causes the remote control unit to transmit a
PIRE code to said transduccr umt which in turn upon on verified receipt thereof

retcansmits the FIRE code to said ARCH module.

17. A system according to claim 16 wherein the FIRE code transmitied by the

femote controller to transducer wnit is differcnt to tbc FIRE code retransiaitted
by the transducer unit to the ARCH modulc.

18. A controlled electromagnetic induction detonation system for decoupled in hole
initiation of an encrgetic substance, said system including:
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 a
power circuit for extracting by means of electromagnetic induction operational
power from a remotely generated electromagnetic field, the power circuil
providing operational power for the ARCH module and arcanged to generate a
detonation current deliverable to the energetic material, and means for receiving
and decoding radio transmitted control signals including 2 FIRE code, the
verified receipt of which causes dclivery 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,

a transducer unit for radio transmittiug said control signals, said transducer unit
having a coil for generating the clectromagnetic field, the coil locatable about an

end of the stemming bar external of the hole so that lines of magaetic flux pass
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through the stemming bar and link with the 'pcpwér ‘circuit (o effect the transfer -

of operational power to the ARCH module by elcctrbmagnct_ilc induction.
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