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ABSTRACT
METHOD FOR CONTROLLING INITIATION OF A DETONATOR

A method for controlling the initiation of an electronic
detonatcr when located 1n surrounding ground, the method
comprising the steps of: measuring the actual spatial

ﬁ

position of the said detonator 1n relation to one or more

adjacent detonators; and calculating the time o©of 1initiation

of the said detconator based upon 1ts actual spatial

position.
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METHOD FOR CONTROLLING INITIATION OF A DETONATOR

Field of the Invention
The present 1nvention relates to the control of
explosive detonators. In particular the invention relates

P

to controlling the 1nitiation of an electronic detonator

for use 1n a mining process, and will primarily be

described with reference to this context .

Background Art
In mining processes an explosive blast 1s conducted
to fracture an orebody to enable recovery of the broken
rock to obtain 1ts associated minerals. Explosive

material and a detonator for 1initiating the explosion are

placed i1into a series of pre-drilled narrow elongate holes

‘blast holes) 1n the orebody, the area 1s cleared of

people and eqgquipment, and an explosion i1s set off.

The optimisation of an explosive blast i1nvolves

ing to obtain certain physical results from the

try
explosion at minaimum cost of explosive, which 1s a
significant expense 1n many mining operations. The

specific positioning of sufficient explosive to achieve a
successful blast 1s a complex task. This task 1s
complicated by a need to: avoid cover-fragmentation of the

rock; heave (or move) as much ore as possible into an

accessible position; avoid over-vibration of the ground

&roun the area being mined; and to protect the working
tface (high wall of the orebody) and nearby floor of the

area from collapse.

In general the desired physical outcomes of an
explosive blast are determined DbpDv the 1nitiatiorn time
between  adjacent blast holes, and by matching the

lnitiation time to the response time of the particular
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rock. The rock response time 1s related to the speed

which cracks are generated around a blast hole by the

vt

stress/strain waves created by initiation of an explosion
therein. Very hard rock usually has a fast response time

(typically 1.5 milliseconds/metre of rock away from the

hole), whereas very soft rock usually has a very slow
response time (soft sandstone could be 6
milliseconds/metre of rock away from the hole). Blasting

at above or below the actual response time can result 1n a
less than optimal physical rock breakage performance.

Pyrotechnic detonators are typilcally used to 1nitiate

an explosion and can have a scatter (or error) of
approximately 5% of the 1nitiation time. More recently

electronic detonators have Dbeen develioped and have a
scatter of approximately 0.1% so enable a much more
optimal performance. Electronic detonators have a

programmable microchip which replaces the traditional

pyrotechnic delay element. As well as total timing
accuracy, electronic detonators can be timed to initiate
at 1ntervals of typically anywhere from 0 to 20,000ms 1n

lms steps. Such flexibilaity has provided blast design

.

engineers with the ability to create complex blast timinc
designs.

In order to optimise the physical results of an
explosive blast, blasting engineers usually create blast
timing designs based on an assumed position of drill holes
and a desired blast outcome. This design 1s typicall
done prior to drilling o©of any blast holes and, out of
necessity, assumes certain characteristics of the rock.
Detonators are then programmed toc go off at a fixed time
and 1in & set seguence. However during drilling of biast

holes, complications can arise and a hole may not be able

to be drilled i1n a pre-determined 1location because of
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varying ground conditions. Thus the pre-determined or

designed blast hole pattern and the actual blast hole

pattern may be very different. Production constralints mean

that operators are under pressure to load, set and fire a

blast as quickly as possible. Changes from the original

blast design may cause major changes to the timing design,

which can be very difficult for operators to implement at
the time of blasting. The operators sometimes need to make
new timing estimates (milliseconds/metre of rock away from
the hole), and replace a pre-timed detonator, but an

incorrect new estimate by an operator can result 1n poor

physical rock breakage performance. The alternative method
is for an accurate off-site redesign of the timing plan by
the blast engineer, however modifications to the blast once
the detonators have been programmed may require several
hours for redesigning and reprogramming, which 1s typically

not available in a production situation.

Summary of the Invention

In a first aspect the present invention provides a method

pr—

for controlling the initiation of a plurality of electronic

detonators when located in surrounding ground, the method
comprising the steps of:

- locating said detonators and one or more adjacent
detonators 1n the ground using a pre-determined planned
positional relationship, this pre-determined planned
positional relationship having an associated planned

F

timing design for an initiator of each of the plurality

of detonators;

- measuring the deviation between an actual located
position and the pre-determined planned position of

cach of said detonators in the ground; and
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— calculating the time of initiation of each of said

detonators based upon the deviation and modifying the

planned timing design accordingly.

P

By knowing the deviation in the position of the detonators

in the actual blast hole pattern from the pre-determined

planned Dblast hole pattern, and using this property to

manipulate the time for the detonator to i1nitiate, the
timing design of an explosion can be readily modified by a
pblast operator 1lmmediliately prior to a blast.

Preferably the determination of both the pre-determined
planned positional relationshlp and the actual 1located

position of each of the electronic detonators 1s made 1n

relation to a coordinate reference point.

Preferably the deviation is measured with respect to the

coordinate reference point.

Preferably the pre-determined planned positional

—

relationship and the actual located position of each of the

electronic detonators 1is measured using an electronic
positioning system.

Preferably the electronic positioning system 1s one of an
inertial positioning device or a global positioning system.

Preferably the step of calculating 1s carried out Dby a
computing device capable of receiving an 1input.

Preferably said computing device 1s a calculator, a laptop

computer, or a palm device.

Preferably the said detonators and the adjacent detonators

are arranged substantially in one or more rows, the latter

arrangement forming a grid. Most preferably the row or rows

forming a grid are substantially parallel to a working Or

excavation face of a miline.

In a second aspect the present invention provides a system

gr— -

for controlling the initiation of a plurality of electronic
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detonators when located in surrounding ground with one or
more adjacent detonators, the system comprising:

- measuring means for measuring the deviation distance

between an actual located position of each of said

detonators and a pre-determined planned position of

each of the detonators 1n the ground, this pre-
determined planned positional relationship having an
assoclated planned timing design for an 1nitiator of
each of the plurality of detonators; and

ﬁ
p—

- calculating means for calculating a modifled time of

initiation of each of the said detonators based upon
the deviation and the planned timing design.

Preferably the measuring means 1is arranged to measure both
the pre-determined planned position and the actual located
position of each of the electronic detonators in relation to
a coordinate reference point.

Preferably the measuring means 1s arranged to work 1n
conjunction with an electronic positioning system.

Preferably the calculating means 1s a computing device
capable of receiving an 1input.

Preferably said computing device 1is a calculator, a laptop
computer, or a palm device.

In a third aspect the present 1nvention provides a
computer program arranged to instruct a computing system toO
operate in accordance with the above methods of the first
and second aspects.

In a further aspect the present invention provides a
computer program arranged to instruct a computing system €O
operate as a system in accordance with the aspects above.

In a still further aspect the present invention provides a
computer readable. medium carryilng a computer program

according to the above aspects.



10

15

20

29

30

CA 02486996 2011-05-25

The invention also provides a computer readable memory 1n

which is recorded instructions for execution by a computing

system to operate 1n accordance with the method of the
invention.

The invention also provides a computer readable memory 1n

which 1s stored instructions for execution by a computlng
system to operate as a system in accordance with the

invention.

Brief Description of the Drawing

Notwithstanding any other forms which may fall within the

scope of the present invention, preferred forms of the

invention will now be described, by way of example only,

with reference to the accompanying drawing 1in which:

p—
p—

Figure 1 shows a block flow diagram of

P

one method for

#

controlling the initiation of an electronic detonator 1N

accordance with the invention.

Modes for Carrying out the Invention

To locate explosives and detonators in surrounding ground,

for example in a bench at the working face of an open cut

mine, typically a blast plan is made by a Dblast design

engineer wusing assumed parameters of orebody hardness,

distance Dbetween drilled blast holes for insertion of

explosive, depth of hole and other 1nput data. A drilling
crew subsequently mark out the blast pattern and drill the

blast holes as per the design, but the position of those

holes may need to be adjusted to take 1into account on-site

sl

variations such as unexpected orebody hardness, Dbreakage ol

the drill or crumbling or collapse of the hole requlring a

new hole to be drilled. Typically the drilled blast holes

for loading of explosive and a detonator are arranged
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substantially in a row or rows within a grid which are

generally parallel to a working or excavation face of a
mine, and the mine workings thus advance 1n a direction

orthogonal to the row(s).
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Example

An example according to the present i1nvention will now be

described.

Referring to Figure 1, 1in one form of the method of the

5 present invention, there 1s no planned Eklast pattern

provided and the time of 1initiation of an electronic
etonator was controlled by a blast operator once the
placement of the explosive and detonator 1n surrounding
ground has occurred.

10 The blast operator measured the actual spatial position
of the detonator(s) 1n relation to one or more adjacent
detonators by first 1dentafying and logging a known
coordinate reference point, which can be cne of a survey

position, another blast hole or a physical feature such as

the corner of the blast pattern area. Then the actual

-
os

drillied  Dblast hole spatial position was 1dentified

relative to that reference point. Each hole was also

identified by a unigue icentity code or name, and 1ts
poslition was entered or Jlogged 1into a recordal system.

20 The order of identification of the blast holes 1n a blast
pattern was 1rrelevant.

The spatial position oif the blast holes was measured
using a measuring means 1n the form of an electronic
positioning system, usually an 1nertial positioning device

25 (IPD) but a global positioning system (GPS) could also be
used. The spatial position of each of the detonators was
decermined usling a hand-held IPD (or GPS) unit which
recorded a detonator 1dentity and 1ts location when the

IPD (or GPS) unit was placed 1n communication with the

30 detonator (by  physical contacet, intrared reader, or

electronic 1dentiiication tag) when the detonator was
positioned 1in the surrounding ground. The data from the

hand-held unit was then transferred to a computer sys:tem
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tor subseqguent analysis, calculation c¢f time cof detonacor

-

nitiaticn and archaival.

e another variation, the de-onators rncluded an

electronic positioning unit which was a transponder in

5 communication with a local positioning system or an IPD or

GPS which was 1tself 1n communication with the computer

system.

The electronic positiconing system alternatively included
a laser theodolite tool (or other laser tape measures or
10 electronic tape measures) which was used to manually
survey the position of the blast holes for entry (manually
or electronically) 1nto a computer or other recording
aevice. Any means of measuring the spatial position of
the detonators when 1n position 1s wlthin the scope of the

15 invention.
A computer program was then used to calculate the t:me of

ed actual

(3

initiaticn oi any detonator based upon its log

L

spatza. position 1n the blast pattern. Knowledge of the
spatial pecsition of the detonators 1n the act-ual &rleast

20 hole pattern was used to manipulate the time for the

detonator to 1nitiate, rather than pre-programming the
initiation time of any given detonator. Whereas the known
methodology 1involved reading the unigque identity of a
detonator and assigning an 1initlation time to its assumed
25 position or order of identification (or coding a unigue

1dentit and 1nitiation time onto a microchip in the

electronic detonator), prior to the actual bilast hole

pattern being developed, 1n the present method the timing

design of the blast can be calculated (and substantially
30 changed) Dby the blast operator immediately prior to the

bilast. In one 1nstance the irnitiation time was assigned

and coded, either by laser scanner or by activelvy

connecting with and i1nterrogating the chip.

Vo’
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The step o©f caiculating the 1init:iaticn time of +the

.

detonator was carried out by a calculating means 1in the

form of a computing device capable of receiving :inputs
1ncluding actual position coordinate datea. Devices
empioyed included one of a calculator, laptop computer,
palm or similar portable digital assistant, enabled mobile
telephone or other computing device. The coordinate data
was entered directly from the electronic positioning

system or by manual entry. A computer program was used to

1nstruct the computing device. The computer program was

providead on a computer readable medium such as a CD-Rom,

computer disc or the like.
In another variation where there was a pre-determined
planned blast pattern provided by a blast design encineer,

for each particuilar blast hole in the ground the blast

operator located a detonator along with explosives in the
hole and then measured the deviation between +the ac-ua.
iocated position and the pre-determined planned pCsition
cf the detonator 1n the ground. The operator then
calculated the taime o0f 1init:iation of the detonator(s)
based upon the deviation.

As previously described, the blast operator measured both

the pre-determined planned positional relationship and the

actual spatial position of the detonator(s) by first
1dentiafying and logging a known coordinate reference

point, and then the actual drilled blast hole spatial

position was 1identifled relative to that reference point.
AS previoﬁsly described, each hole was also identified by
a unigue 1identity code or nmname, and 1ts position was
entered or logged 1nto a recordal system. The order of
1gentriication of the blast holes in a blast pattern was

Lrrelevant. The pre-determined planned position of the
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Nl ast holes used by the blast design engineer was usua..y
developed by the use o©f proprietary computer scitware.
The deviation was measured with respect to the coordinate

reference polnt, so that vector details (x, y and 2z

()

oordinate positional details) were recorded. This meant

rhat both the distance and the direction that the actual

spatial position of the detonator was spaced Ifrom the pre-

determined planned positional relationshap of that

detonator was measured.

The spatial position of the blast holes was measured
using a measuring means 1n the form of an electronic

positioning system, embodiments of which are described

above .

A computer program was then used to calculate the time ol
initiation of any detonator based upon 1ts deviation Irom
rhe pre-determined planned position oif that detonator in
the blast pattern. This deviation was used to manipulate

the time for the detonator to 1initiate, rather than pre-

programming the initiation time of the detonator. The
planned timing design of an explosion was readily modified

by a blast operator 1mmediately prior to a blast by

knowing the deviation 1n the position of the detonators 1in
the actual blast hole pattern from the pre-determined
planned blast hole pattern, and using this property to

manipulate the time for the detonator to 1nitiate.

The step of calculating the 1nitiation time o¢f the
detonator was carried out by calculating means 1n the form
of a computing device <capable of receiving an 1input
including the deviation cocrdinate cata, severa. possible

embodiments of which have been previously described.

Cifferent timing plan parameters were used to calculate

different blast outcomes. Different blast hole positions

were able to be added or deleted to the timing plan to
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allow easy modifrcation of a blast or even redirecticn oOr
reorientation of an entire Dblast. The timing of
initiation of each detonator was a variable and was able
to be changed at any time prior to the blast, sometimes
even only minutes beforehand.

The practical outcome of these method and systems was
that the physical results of an explosive blast were
optimised by reducing the wvariability 1n explosion timing
often 1introduced by blast operators making last minute
changes to an original blast design seqguence. Initial
experiments revealed that an 1ncrease 1n excavator
production of around 10-15% <could be achieved, both
because o©f 1mproved physical rock breakage performance
(more even 1rock fragmentation, achievement of  better

heave) as well as other operaticnal time savings including

the avoidance of blast redesign or reprogramming delays,

faster ore clearing operations, and more stabilised
working ZIaces, reducling l1ikely 1incidences of collapse and
further production delays. At a gold mine, a 10% increase
in ore throughput can be worth extra revenue of many

thousands of dollars per hour.

It 1s to Dbe understood that, 1if any prior art
information 1s referred to herein, such reference does no:o
constitute an admission that the information forms a part of

the common general knowledge 1n the art, 1n Australia or any

other countrvy.

Whilst the 1nvention has been described with
reference to preferred embodiments 1t should be

appreclated that the 1nvention can be embodied in many

>

other forms.
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CLAIMS

1. A method for controlling the 1initiation of a plurality

cof electronic detonators when located in surrounding ground,

F
—

the method comprising the steps of:

- locating said detonators and one or more adjacent
detonators 1n the ground using a pre-determined planned
positional relationship, this pre-determined planned
positional relationship having an associated planned timing
design for an 1initiator of each of the plurality of
detonators;

- measuring the deviation between an actual located

r—

position and the pre-determined planned position of each of

sald detonators 1n the ground; and

i d
P

- calculating the time of initiation of each of said

detonators based upon the deviation and modifying the

planned timing design accordingly.

2 . A method as claimed in claim 1 wherein determination of
both the pre-determined planned positional relationship and

the actual located position of each of the electronic

detonators 1s made 1n relation tTto a coordinate reference

polint.

3. A method as claimed in claim 2 wherein the deviation 1s

measured with respect to the coordinate reference point.

4 A method as claimed in any one of claims 1 to 3 wherein
the pre-determined planned positional relationship and the
actual located position of each of the electronic detonators

is measured using an electronic positioning systemn.
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5. A method as claimed in claim 4 wherein the electronic

positioning system is one of an 1nertial positioning device

or a global positioning system.
0. A method as claimed in c¢laim 1 wherein the step of
calculating 1s carried out by a computing device capable of

recelving an 1input.

7. A method as claimed in claim 6 wherein said computing

device is a calculator, a laptop computer, or a palm device.

8 . A method as claimed in <c¢laim 1 wherein the said
detonators and the adjacent detonators are  arranged

substantially in one or more rows, the latter arrangement

forming a grid.

9. A method as claimed in claim 8 whereilin the row oOr rows

forming a grid are substantially parallel to a working or

excavation face of a mine.

10. A system for controlling the initiation of a pluralilty
of electronic detonators when located in surrounding ground
with one or more adjacent detonators, the system comprising:

- measuring means for measuring the deviation

distance between an actual located position of each of said
detonators and a pre-determined planned position of each of

the detonators in the ground, this pre-determined planned

positional relationship having an associated planned timing

ey,

design for an initiator of each of the plurality of

detonators; and

= calculating means for calculating a modified time
of initiation of each of the said detonators based upon the

deviation and the planned timing design.
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11. A system as claimed in claim 10 wherein the measuring
means 1s arranged to measure both the pre-determined planned
position and the actual located position of each of the
electronic detonators 1n relation to a coordinate reference

5 point.

12. A system as claimed in claim 10 or claim 11 wherein the
measurlng means 1s arranged to work in conjunction with an
electronic positioning system.

10

13. A system as claimed in claim 10 wherein the calculating

means 1s a computing device capable of receiving an 1input.

14. A system as claimed in claim 13 wherein said computing

15 device is a calculator, a laptop computer, or a palm device.

15. A computer readable memory in which 1s recorded

instructions for executlion by a computing system to operate

iy

in accordance with the method of any one of claims 1 to 9.

20
16. A computer readable memory 1in which 1s stored

instructions for execution by a computing system to operate

as a system in accordance with any one of claims 10 to 14.
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FIG, T

Flectronic Position & Timing Concept

1) Blast designed with assumed parameters.

-~ =

2) Blast dnlled and loaded as per blast plan with
modifications to account for actual parameters.
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