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Abstract

Parallel to the evolution of explosives, initiatidavices have gone through important technologidalinces sin
the decade of the forties in an attempt to obtaénféllowing objectives:

« Energetic initiation of the more modern explosivetich are much more insensitive than the clas
dynamites but also safer.
< Control over initiation times to improve fragmeidat
« Reduction of the vibration levels, air blast anddtck produced in blasts.
« Punctual priming, either at the top or base ofifasthole, or axial priming.
* More speed and flexibility in breakage operatiofslevmaintaining a high degree of safety for perss
and installations.
At present, the firing systems for the detioma called ordinary blasting caps by means offatgduse, whic
implies high risk for the blaster and a lack of wohover ignition timing with negative effects dhe blastin
yields and the alterations that could occur, ha®at completely beerubstituted by safer and more trustwo
systems that can be classified in two groups:
e Electric systems, and
* Non-electric systems

1. Introduction

Blasting is usually the first step in any miningopess and its result influence the efficiency adgass to
varying degrees. Initiator is a term that is usedhie explosive industry to describe any device thay be
used to start a detonation in explosive. Detonaioie process of propagation of a shock waveutjitcan
explosive, which is accompanied by a chemical readhat furnishes energy to maintain the shock evav
propagation in a stable manner. The devices thaate high explosive are called detonators. Ajpayg of
explosive cannot be readily initiated by the apglin of heat by burning. In order to initiate eogiles, a
powerful detonation is required. Initiating deviaises this. Detonators are compact devices thalesigned
to safely initiate and control the performanceasfjer explosive charges. They contain relativehsiive high
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explosives which can be initiated by electricalstiock energy from an external source. The strepfjith
detonators is determined by amount of base changgined and identified by strength numbdimieno 1995)

2. Importance of initiation system in blasting

AuthorsBlasting is usually the first step in any miningpess and its result influence the efficiency aicgiss
to varying degrees. Blast results are considered gghen they ensure good digging and loading ojoerat
while maintaining the safety and environment stagslalnitiator is a term that is used in the expes
industry to describe any device that may be usestiaid a detonation in explosive. Detonation isphacess of
propagation of a shock wave through an explosivechvis accompanied by a chemical reaction thati$hes
energy to maintain the shock wave propagationstable manner. The devices that initiate high esipéoare
called detonators and devices that start burningefiagration are called squibs. ( Konya 1991} lassumed
that the holes have been laid out and drilled im designed pattern and the objective of initiatieréo
communicate with the holes so that it may ensure:

* The sequence in which the holes (or portion ofribles) should fire,

* The time delay between holes, rows or decks and,

« The energy required to begin the detonation process

It has been emphasized that precisely controdézhse of explosive energy in a sequence of btdeslyield

better fragmentation. Hence, accuracy is necessaythe blast detonation sequence to bring dinggact on
over all blast performance. Any variation in holetahation timing result in that hole being firedoprto or

after its nominal firing time due to which holesutnb potentially detonate can have adverse impacthen
performance of a blast. The result of these impagt briefed as following:

e Poor rock fragmentation

» Large amount of oversize

» High ground vibration levels

* High air blast levels

* Fly rock incidents

* High downstream process costs

2.1 Chronology of development of initiating devices
1830 Moses Shaw patented a way of electric firlaghbpowder(gunpowder) by an electric spark

1831 William Bickford introduced safety fuse whicbhnsists of a core black powder enclosed in textile
sheaths and suitably waterproofed

1830-32 Robert hare developed the bridge wire niktfi@lectrical blasting

1864-67 Alfred Nobel developed a method of initigthitroglycerine by using safety fuse for initragiblack
powder detonators and later capsules of mercumpifidte. Those become the first commercial
detonators.

1870 Julius Smith successfully introduced bridgeevinitiated electric blasting caps and developed a

portable, generator type blasting machine.
1895 Julius Smith introduced delay electrical btegstaps utilizing safety fuse as the delay train.

1907 First detonating cord ‘Cordean’ invented byisd 'heaur in France using TNT core.
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1930 Replacement of mercury fulminate in initiatiand primer charges was begun with the use of
variety of more stable explosive compound.

1937 Detonating cord with PETN

1946 Millisecond interval delay blasting caps idtnoed, having delay intervals in millisecond ratthem
seconds.

1948 Use of capacitor discharge type blasting nmeshbegan replacing the generator types with safe a
more reliable power units.

1950 Development of delay connection.

1960 Low energy detonating cord introduced whichteimproved non-electric detonating systems.

1966 Work on NONEL started by Nitro Nobel. Thetfissiccessful trials were in the laboratory in 1968.

1973 Non-electric delay detonators NONEL introdueghich provided improved timing and reduces
noise levels. The first factory to produce NONELsvemmmissioned in Gyttorp, Sweden.

1981 Magnet system introduced.

1984 Laser profiling development by Huddleston Boduns

1986 Electronic detonators introduces by ICI(UK)€kovic 2003)

2.2 Types of Detonator

2.2.1 Safety fuse and Plain detonator s

Initiation of plain detonator is by means of safége. It is mainly used to fire multiple holes i These
detonators comprises of aluminum tube filled witlo ttharges:

» A base charge of high velocity explosive (PETN)ha bottom of the tube.

e A primer of lead azide composition.
The burning from the safety fuse converts the priof@rge into detonation, and initiates the expdase
charge.
The aluminum tube is 6 mm in diameter and 37-50 lmmg. Standard detonator of strength 6 is popularly
used. It burns at a rate of 120 seconds per meter.
It was the substitution of expensive fulminate wattprimary (initiating) charge and a base chargéigh
explosive. It consists of Primary charge of ASA &ade charge of PETN or RDX.

Primary Base
charge charge
/ I

Fig 2.1 Plain detonator cross section
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2.2.2 Electric detonators

The electric detonator consists of a cylindricalnaihum or copper shell containing a series of pavetiarges.
Electrical energy is introduced into the detondtom the exploder (battery, hand-driven magnetatarged
capacitor) via a primary circuit wire (shotfiringlale) and detonator leads and is supplied to thebganeans
of two leg wires that are internally connected bgnaall length of high-resistance wire known as lihege
wire. The bridge wire serves a function similarthe filament in an electric light bulb. When a @nt of
sufficient intensity is passed through the bridgeewthe wire heats to incandescence and ignithead-
sensitive flash compound. Once ignition occurseits off a primer charge and base charge in thendetr
either instantaneously or after traveling througtekny element that acts as an internal fuse.

This delay element provides a time delay beforebtime charge fires. The leg wires are made ofreitbe or
copper. Electric detonators are of two types.

2.2.2.1 Instantaneous Electric Detonator

In this type of detonator an electro-explosive dewialled “fuse head” or a ‘match head” providasation.
The primer charge and base charge are same asainfd#tonator, Instead of using safety fuse tdaitas,
electric current is passed through a fuse- heathbaesistance wires. This type of detonator idusesmall
size blasts such as rock breaking in quarries mmaddurate contour hole blasting.

Ry
YA plastic covered
| 1/ lcad wires
A
. fad |
: | neoprene plug
| : : [ detonator tube
1
| —m fuschead
Bl — priming charge
| - base charge

Fig 2.2 Instantaneous Electric Detonator
2.2.2.2 Delay Electric Detonator

Delay Blasting

Generation of blasts induced ground vibration iate&l to the amount of explosive detonation at@mg time.
By using millisecond delays the amount of explosifieed at one given instant may be reduced byerbfit
delay period for different holes. This helps in imyvmore explosives in bigger blasts having moestbholes.
Fragmentation resulting from a blast is also inficesd by the time interval provided by the millisedadelay
detonator. Each holes having separate millisecahaydiming, provide free faces for the better tinraf the
holes so as to result desired fragmentation level.

Selection of delay interval varies with the typerotk and burden distances. However, it is expeddrthat
the optimum delay interval lies between 3 and émisdrden.
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Delay Electric Detonator
» Same as instantaneous electric detonator, excepiclasion of delay powder.
» Delay time based on length and composition of dptayder.

Fig 2.3 Delay Electric Detonator

Selection of circuit, principle of successful blasting and risk associated with electrical detonator.

The simplest and most convenient way to connecttridedetonators is in series. If one or more daton
connections are faulty then the entire circuit wit fire, eliminating the possibility of having @gsive in the
broken rock after firing. Connection in series afothe entire circuit to be tested for continuihdaesistance
from a safe place. In a parallel circuit, in whielich detonator is connected across two common ,véeeh
detonator is independent of the others. The cimasistance is lower but even if one connectiofaatfty the
remainder will fire, resulting in unexploded chagge the muck pile. Each individual detonator mustested
for continuity.
It also depends upon the number of detonators ftirdmk and the type of operation. A simple serigsuit is
used on small blasts, consisting of less than 30nd#éors. A series-in-parallel circuit is used wHarge
number of detonators is involved.
Successful electrical blasting depends upon fooege principles:

» Proper selection and layout of the blasting citcuit

* Adequate energy source compatible with the typalasting circuit selected.

» Recognition and elimination of all electrical hadsrand

» Circuit balancing, good electrical connections aackful circuit testing.

Electric blasting initiators of the usual typesdtian very effectively and without undue hazard witleey are
used in locations free from sources of electri@ttraneous to that intentionally provided in thashihg
circuit. When, however, extraneous sources oftedéty are present, there is the danger that thelblasting
initiators may fire prematurely. Various types afraneous electricity are frequently un-avoidabigsent in
locations where blasting caps are intended for \&#ch sources may be mentioned as lightning, atheos
static electricity, such as, is generated by di@irss, snow storms, escaping steam, moving belt®lving
automobile tires, or such as is likely to be présgrnigh altitudes and especially in regions af loumidity.
Another source of unwanted electricity exists iragtcurrents, that is, differences in potentialt thgist in
highly metallic rock formations, as in ore mines, é&xample, or in the
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vicinity of electric cables, rails, pipelines, amentilating ducts. There is also the possibilgttinstances of
galvanic action may occur in the vicinity of eléctblasting initiators which may cause a sufficidifference
in potential to fire electric initiatorsBhandari 1997)

2.2.3 Non Electric detonators

Non-electric initiation systems have been usethénexplosive industry for many years. Cap and
Fuse was the first method of non-electric initiatiolypical non-electric system used today considts
detonating cord, shock-tube detonators or a cortibmaf the two.

Non-electric initiation systems have safety advgesaof immunity to stray electric current and radio
frequencies. However, these systems are susceftillecidental initiation by a lightning strike. Nelectric
detonators contain sensitive ignition charges amsklcharges and can be accidentally detonated diyohe
impact.

Non-electric systems require an orderly hookup, aaceful visual inspection is necessary to verhg t
continuity of the system.

2.2.3.1 Detonating Cord

Detonating cord is a round, flexible cord contagnan center core of high explosive, usually (pentiheitol
tetranitrate) PETN at a content of 3.6 to 7.0 gfitme exterior sheathing is waterproof material sumded by a
reinforcing textile and plastic wrapper. Detonatowd acts as a carrier of detonating wave whiclsid to
detonate the primer. The velocity of detonation D)@ around 7000 m/s. Detonating Cord is usuaitjdted
by means of an electric detonator.

Detonating cord is insensitive to ordinary shonH &iction. Surface as well as inhole delays, barachieved

by proper delay devices attached to detonating.deod examples: millisecond connectors (MSCs). MSCs
consist of two plastic blocks, each containing dentical delay detonator, linked by a short lengfttsignal
tube.

Cotton Core
E )

PETN —» '
&

Nylon Fibres—»

(—"
Plastic Cover—»

Plastic/\Woven
Cover —»

Fig2.4 Detonating Cord M ake
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2.2.3.2 Shock Tube Initiation System

The shock tube is a non-electric, instantaneousi-digruptive signal transmission system. The system
detonates in a plastic tube that has a thin coatimgactive material on the inside. This reactivaterial has a
powder weight of about 0.1 grains per foot (1/70,Gunds), approx one teaspoon per km of tube and
propagates a noiseless shock wave signal at a gfemgproximately 2000 m/s. The system eliminatés a
electrical hazards except possible initiation necli lighting strike. Shock tube systems take @ipesenergy
input to initiate the reaction inside the tubemidy be initiated by detonating cord, electric bfagstcap, cap
and fuse or a starter consisting of a shotgun prima firing device.( Podoliak 2004) The uniqupeds of
shock tube systems are:

e Itis not susceptible to stray electric currents.

e Separate lengths of signal tube cannot initiaté @dlcer through direct contact,

knots or other simple connections.

* The tube is robust, having a high tensile streagitth abrasion resistance.

e ltis very difficult to *kink’.

* The initiation is virtually non-violent compared detonating cord and is hence much safer to use.

2.2.3.2.1 NONEL

Nonel is a shock tube detonator designed to ieittedplosions, by shock wave which travels throughttibe.
Instead of electric wires, a hollow plastic tubdides the firing impulse to the detonator, makihgnmune to
most of the hazards associated with stray elettrizaient. It consists of a small diameter, thragel plastic
tube (outer dia=3mm and inner dia=1.2 mm) coatetherinnermost wall with a reactive explosive conmpad,
which, when ignited, propagates a low energy sigsailar to a dust explosion. The reaction travais
approximately 2,000 m/s along the length of theirtgbwith minimal disturbance outside of the tubéeT
entire reaction takes within the tube, which rersainact throughout the process. Because of this:

e The tube by itself is not classified as an explesiv

e It does not affect anything around it. When usedaagown line, it does not effect the

surrounding explosive.
e The reaction is quite silent. This has environnahtantage over detonating cord.

Nonel was invented by the Swedish company Nitro élab the 1960s and 1970s and was launched to the

market in 1973. Eco friendly and productive blagtwperation can be achieved using these systema whe
implemented judiciously. Blasting can also be dimngensitive regions with greater ease and conéiden

1. Aluminium shell & 4 Stesl sieeve

element - -

Fig2.5 NONEL Detonator Cross Section

2.2.4 Electronic detonators

Electronic detonator systems are new technologyarekments for the initiation of blasts in mining
operations. Their introduction for use in mine bifeg operations continues to advance. Several adgan for
using electronic detonators are precise timinguced vibrations, a reduced sensitivity to straycteieal
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currents and radio frequencies, and a great remudti misfires through more precise circuit testifigne
detonators can be programmed accurately with g delaveen 0 ms to 800 ms with an interval of 1ms.
Electronic detonators have been designed to elimithee pyrotechnic fuse train that is a componéelextric
detonators, thus improving timing accuracy andtgafeor the electronic detonators, typically aregrated
circuit and a capacitor system internal to eaclorbr separate the leg wires from the base charge.
Depending on the design features of the electrdatonator, the safety and timing accuracy can keatlyr
improved. The electronic detonator is obviously aréncomplex design compared to a conventional ritect
detonator.

A specially designed blast controller unique toreamnufactured system transmits a selectable Higjgaal
to each wired electronic detonator. The signaldentified by each electronic detonator and the riton
firing sequence is accurately assigned. The maturits control unit will show any incomplete ciitsu
during hook up prior to initiation of the explosiveund. The wired round won't fire until all detdaoes in the
circuit are properly accounted for with respecthte current blasting plan layout.

e e e e e e e e e e o e e et e e o e e
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Figure 2.6: Electronic detonator
3. Conclusion

Detonator types is being studied and following ¢agsion is made.
Non-electric system

» Higher safety of blast work, as the system is imentminitiation by foreign sources of electric emer
(radio frequency, stray currents).

» Higher variability of timing patterns enabling ‘fai-made“ blasts corresponding to the Condgion
in a given locality.

» More effective work from the point of view of logjiss and storage (smaller product range necessary
for achieving a given result) and Fit for use in wenditions and under water

» High variability of timing, Reduction of vibratioduring blast and Better fragmentation

e The most critical point in the excavation workicggle is network building of the blast holes, U$e o
electric initiators requires expert coordinationtloé¢ blasting crew because of connection of electri
conductors. Network building by non-electric systenquicker and simpler, and the possibility to
leave out certain charges is smaller.

All the mentioned benefits improve economy lafsking operations. Although the initial cost o§ing non-
electric system may be higher, the overall econsraicblasting and quarrying operations is more efieial
as opposed to traditional electric system.
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* Non-electric detonators must not be used in waeksiith coal dust and methane atmosphere
» Practical problem of this type of detonator is itmpossibility of checking the firing circuits, asly
visual inspection can be carried out.

Electricinitiating system

Electric blasting initiators of the usual typesdtian very effectively and without undue hazard whieey are
used in locations free from sources of electri@wtraneous to that intentionally provided in thasting
circuit. When, however extraneous sources of eitst are present, there is the danger that thealuslasting
initiators may fire prematurely. Various types atraneous electricity are frequently unavoidablgsant in
locations where blasting caps are intended for \&éch sources may be mentioned as lightning, gtheog
static electricity such as is generated by dustmstp snow storms, escaping steam, moving beltglvieg

automobile tires, or such as is likely to be présdrhigh altitudes and especially in regions af loumidity.

Another source of unwanted electricity exists iragtcurrents, that is, differences in potentialt thgist in
highly metallic rock formations, as in ore mines, i the vicinity of electric cables, rails, pipsdis, and
ventilating ducts, and the like, long conductorsaine or all of these types being customary in miféere is
also the possibility that in stances of galvaniticecmay occur in the vicinity of electric blastingitiators
which may cause a sufficient difference in potdritidire initiators.
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