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Let me welcome all  of you to the 19th lecture of Drilling and Blasting Technology.

Basically,  this  lecture  is  the  continuation  of  the  lecture  number  18  where  we  were

discussing about the explosive accessories or blasting accessories.

(Refer Slide Time: 00:36)

So, let us see what we carry out in our last class. So, last class we are being introduced

with the explosive accessories and we are trying to understand the evolving of different

explosive accessories. So, the example is that last class we have found that the detonator

was  evolved  to  accompany  nitroglycerin  based  exclusive  that  is  dynamite  as  the

exclusive.

So, for that the detonator was ordinary detonator was developed at this point we also

now understand that the accessories are required to provide the safety of the user because

you understand during the explosive nitroglycerin was very very dangerous. And as this

is high explosive if someone is trying to explode it being in the close proximity of the

explosive then the environment will become unsafe for him.



So, for the personal safety it is required to remotely explore those explosive and for that

the  detonator  was  the  essential  requirement  for  the  development.  So,  basically  the

explosive accessories are provided for the safety of the user and to provide the control

during  the  explosion.  So,  now  at  the  present  point  we  have  reached  up  to  the

development of the ordinary detonator and let us see what are the next. 

(Refer Slide Time: 02:03)

But before that, let us once again view what are the learning objectives and this is more

or less same to the last lecture. So, learning objectives are to understand the different

accessories to understand the historical aspect of the development of those accessories, to

understand  the  constructional  nitty-gritty  of  those  accessories  and  to  understand  the

requirement of the different accessories why they are required.



(Refer Slide Time: 02:26)

So, let us see once again another blasting.

(Refer Slide Time: 02:47)

So, this is again another surface bench blasting where explosion is carried out in the iron

ore mines and you can see huge number of holes are being blasted here. In fact, I want to

insist you must understand that huge number of holes are being blasted in these cases.

So; that means, in the last class we understood that detonator is required to exploit the

explosive so, that you can be at the certain distance and be safe. Now, what is happened

if you are using detonator then for each hole you need to have one detonator and then



you need to have some flame to be provided in the mouth of the detonator. So, these

things are very very difficult if you are carrying out in blasting in a number of holes, then

the things will be not within your control because at a at a time giving the flame to a

number of holes is very very difficult.

So, basically these things are creating problem, another is that if you look at this blasting

you will find out the holes are blasted front holes are blasted ahead then the back holes

are blasted after that. This is carried out so, that when the front hole will be blasted that

time the front portion rock will be fragmented and moved out then the next portion of

block will be fragmented.

(Refer Slide Time: 04:33)

So, basically we want some damn time gap between the holes, but that was not possible

in the development of the ordinary detonator. So, that is why we were in a need of some

additional explosive accessories or blasting accessories which will give us the complete

control about the blasting. What are those controls? That first control is that we should

exactly know when the first initiation will be carried out. So, the first initiation will be

within our hand; that means, when we are switching the on that switching on should be

our control should be within our control.

Second one is that we want that the time difference between the explosive or we want the

exact timing of blasting of the different explosive placed in the different blast holes. So,

this  exact  timing  of  blasting  of  the  different  blast  holes  and  that  is  not  in  the



simultaneously, that is in the different time frame. So, in the different time frame the

explosion  of  the  different  explosive  at  different  blast  holes;  are  also  the  essential

requirement. So, we were in a objective to achieve those targets and for that we need to

develop some more explosive accessories or the blasting accessories.

(Refer Slide Time: 05:55)

So,  we  are  continuing  with  the  detonator  and  last  class  we  have  seen  the  ordinary

detonator, but later on it was found that to provide a flame to the ordinary detonator a

person need to be stay in very close to the detonator, then he has to run away from the

place  prior  to  the  flame  is  reaching  to  the  mount  of  the  primary  explosive  of  the

detonator. And it has been found it is almost very very unsafe condition, it is very very

uncontrollable condition to run away from the place before this blasting. So, basically

though we are able to blast using the ordinary detonator, but the exact time frame was not

within the control of the user.

Second  one  is  that  if  some novice  person  or  some uneducated  person or  very  very

apprentice type person is using the initiation say operation in those cases he may not

sufficiently control the flame. And before he is run away from the place the explosion

may occur that that may become dangerous to him. So, it was failed that the exact time

of blasting should be within the control of the person who is using that one and for that

they felt that electrical blasting may be a good over the ordinary blasting where the flame

is given.



So, it was in 9th 1883 again the Dyno-Noble company which are initiated by sir Alfred

Noble  that  company  developed  the  first  electric  detonator  and  basically  2  types  of

detonator were developed initially. One is where the bridge wire is used the bridge wire

gives the flame to the primary charge primary explosive and second one where the fuse

head is used and fuse head is giving the flame to the primary explosive.

So, basically using these two type of technique the electric detonator was started in 1883

onward. In fact, by development of this electric detonator the user has now the control

over exactly at what time the explosion should occur on to the detonator. So, now, they

can provide the electrical signal by switching it on and the moment it is switching it on

the  fuser  or  the  bridge  wire  is  giving the flame to the  primary charge  and then the

blasting will occur.

So, it is basically electric detonator is basically solving two problem, one is the multiple

holes  can  be  blasted  because  electrical  wire  can  be  can  with  the  multiple  holes  in

multiple detonators. And second one is that the multiple hole can be or electrical signal

can be sent to this multiple hole simultaneously and the exact control on the time frame

is now within the grip of the user.

So, basically electrical detonator is giving us the facility for controlling on the exact time

of blasting and that is also stay in a remote place. That means, the lead wire we are

taking the quantity of the lead wire giving us the distance it may be 100 meter, it may be

200 meter. So, that much lead wire are used for being in the safe area. But, this was lacks

in two thing one is that it is not giving the different time of blasting for the different

holes.



(Refer Slide Time: 09:53)

But,  before  going  to  that  let  us  see:  what  is  the  constructional  feature.  In  this

constructional feature you can see the lead wires are there in the mouth of that is the fuse

head fuse head is very close to the primary charge the moment fuse head is generating

the flame the primary charge is getting the flame. So, it will be explo convert the flame

to the shock, the shock is coming to the base charge and then the base charge is basically

base charge is basically being initiated.

So, from the fuse head the flame is coming to the primary charge and the primary charge

it is coming to the base charge and by this way the explosion is carried out.



(Refer Slide Time: 10:39)

So, the purpose where we are supposed to use the different time of blast for the different

holes  that  was  not  able  to  be  achieved  because,  all  the  holes  are  being  blasted

simultaneously. So, now, another development has been made in 1900 again by the same

Dyno-Noble company that electric delay detonator was developed. What is this electric

delay detonator? They are they provide some chemical element which takes some time to

burn before the flame is reaching up to the primary charge.

So, basically  it  is  some delay element  pyrotechnic delay chemical  is  provided which

gives the burning time and that burning time is basically the delay time. So, if you see

the  constructional  nitty-gritty  you can  see first  the  lead  wire is  giving  the  electrical

signal. So, electrical signal is coming to the fuse head and this fuse head is generating the

flame and from the flame the flame is reaching to the pyrotechnic chemical.

So, this is the chemical so, this is the chemical which start burning the moment flame is

coming and this burning of this column of chemical take some time. And by taking some

time when the flame is reaching to the primary charge some time will be killed by that.

So, the by this way some time gap is framed for initiating the different holes. But, using

this technology it was it has been found only half second delay time could be achieved

that time; that means, the minimum delay achieved by using this pyrotechnic chemical in

1900 was only half second; that means, 500 millisecond.



So, this was the first delay detonator developed and it was found significant because that

time the production requirement was less and that is why and that is why the that was

found sufficient. 

(Refer Slide Time: 13:32)

But, this half second delay requirement was found very high because it has been found if

2 rows consecutive rows are being blasted rows of holes are being blasted then half

second delay time is very very high as the burden movement speed is very less. So,

mathematical  calculation gives the 16 to 40 milliseconds may be sufficient  for those

consecutive holes and which could not be achieved by a half second delay detonator.

So, that is why this was not found very very suitable for blasting of the consecutive rows

of holes and till 1943 people who are trying to developed such type of detonator delay

detonator where 16 to 40 millisecond delay can be achieved. And in 1943 millisecond

delay electric detonator where achieved, where some chemicals pyrotechnic chemicals

were used whose column was able to give the delay time of 16 to 25 millisecond. So,

1943 onward 16 to 25 millisecond delay detonator were able to be developed.



(Refer Slide Time: 15:00)

So, if you see the constructional features of this, you will find out this is the you will find

out this is the first detonator which is developed by the by Sir Alfred Noble the primary

charge and base charge. And this is the first electric detonator which are developed you

can see the mercury fulminate was the base charge that time and this delay detonators

presently  available  which  can  give  16  millisecond  delay  that  is  the  minimum delay

present a possible with the pyrotechnic delay element.

And, we are having the technology that any millisecond delay above 16 millisecond can

be provided, but it is very difficult for the commercial manufacturer to provide every

type of delay sequence. So, commercially it is classified in two group, one is the short

delay  group and another  is  the long delay group. The short  delay  group is  basically

considered as the delay where 25 millisecond and it is multiplication of different number

1 to 10 that much delay is possible that much; that means, if someone is asking for a

short delay of 1 he will able to get a 25 millisecond delay. If someone is asking for a

short delay of 2 he will get a delay of 2 into 25; that means, 50 millisecond delay.

So, similarly 1 to 10; that means, up to 250 millisecond delay is commercially available.

In fact, if you go through I have last class I have asked you to go through the different

manufacturers site. If you have visited those manufacturers site you will find out some

manufacturers are there those who are nowadays manufacturing instead of multiplication



of 25 millisecond it is the multiplication of 30 millisecond. In those cases it is 2 into 30

that is 60 millisecond, 10 into 30 means it is 300 millisecond.

So, that 25 to 250 milliseconds one to 10 delay numbers are commercially available with

the manufacturer. If anyone wishes to have any delay between these in those cases he has

to place a special order to the manufacturer, manufacturers are having the technology to

manufacture that prototype delay a detonator. Similarly, long delay detonators are also

available  which  is  basically  the  multiplication  or  the  initiation  initially  which  is

developed that is the half second delay. So, it is the multiplication of the half second

delay. So, long delay one means it is the long delay 1 into 500. So, the delay time is 500

millisecond.

So, if someone is willing to have a long delay of 3; that means, it is 3 into 500; that

means, 1.5 second is the delay time. So, like that way long delay 1 to 10 is available. So,

10 delay means it is 5 second delay can be achieved. Again if you visit the manufacturers

site you will find out the long delays are available instead of multiplication of 500, it is

the multiplication of 300 is also available. So, it will start from 300 millisecond to the 3

second;  that  means,  1  to  10.  So,  this  type  of  is  this  type  of  different  manufacturer

commercially detonators delay detonators are also available.

(Refer Slide Time: 19:02)

But, later on it has been found that there are some problem with this pyrotechnic delay

detonators. So, first problem is that if the manufacturer is claiming this detonator will



give you a 25 millisecond delay on the practical is it has been found that deviations are

significantly large and 25 millisecond delay detonator may blast  at 16 millisecond or

may blast at 34 millisecond also. So, the deviations has been found it is high because

mainly  of  to  reason,  the  first  reason  is  that  it  is  a  chemical  material  and  the

manufacturing of that chemical inherently having some heterogeneity in it is mixture. So,

as the chemical is not consistent property the heterogeneity is there. So, that is why the

burning rate is different.

So, burning rate changes from day to day manufacturing of that chemical and as that

chemicals are being used in the detonator their delay timings, their burning timings are

become different and that is why deviations are coming on that. To avoid these in 2000 in

1995 electronic delay detonator has been developed sorry it is mistake is there this is

1995. So, in 1995 electronic detonator was developed where the delay is provided by the

electronic delay. And it has been found the delay can be said through the pogrom and the

delay is having an accuracy of plus minus 1 millisecond.

(Refer Slide Time: 21:02)

Let us see the construction nitty-gritty of this; you can see the delay detonator the delay

detonator of electronic type basically taking the current from the lead wire. Then in that

current  there  is  a  delay  module  provided  ok;  that  means,  it  is  the  electronic  delay

programming said that the delay is provided in the movement of the electrical pulse.



And the basically the delay is electrical pulse delay prior to reaching it at the fuse head;

that means, delay is provided in the electrical system instead of the burning system. And

that is why this electrical delay through electronics programming it is provided and the

fuse head the is getting the electrical pulse after that delay. Then the fuse head is giving

the flame then the primary charge base charge is doing their respective work.

So, basically earlier in the pyrotechnic delay where the delay is provided by burning of

the  chemical,  but  here  the  delay  is  provided  in  the  electrical  pulse;  that  means,  the

electrical  pulse is reaching with that particular delay to the fuse head. So, that much

modification is carried out here and that is the constructional feature of the electronic

detonator. And it has been found that the electronic system is very very sophisticated

one, plus minus 1 millisecond delay can be achieved that is the plus point. Second point

is the delay is now programmable as it is electronically said; that means, any delay can

be programmed on the site itself. 

(Refer Slide Time: 22:58)

So, that is why that much benefit is that much benefit is observed in this case. So, now

let us have a quick comparison about the electronic delay detonator and the pyrotechnic

delay detonator. In electronic delay we are having plus minus 1 millisecond accuracy.

But, pyrotechnic delay is very very low precision you we will see the deviation of the

pyrotechnic delay in the next slide. But, electronic delay is little bit costly presently if

you observe this  these are  costing around 700,  1200, 800 rupees per  piece  whereas,



pyrotechnic delay detonators may be 5 rupees, 10 rupees like that cost are there. So, it is

not that much costly.

However, the manufacturing cost of this electronic detonator is not very high, these cost

is coming because of the technological development cost. So, it will become very less

with the time frame. second is that electronic delay detonator require a logger and the

cable connections those in the blasting those cable connections are will be destroyed. So,

that is why the cable requirements are there and cable costings are more. But, another

significant  advantage is  there in the electronic delay detonator that  is the chances  of

misfire is almost 0 it is returned here low, but I claim it is almost 0.

So, that is why electronic detonator is very very superior though it is as presently unit

price wise it is absorbed it is a little bit costly, but it is benefit as is very very high. So,

electronic  detonator  delay  detonator  is  very  very  at  a  advantageous  point  over  the

pyrotechnic delay. Because, the pyrotechnic delay is of low precision, it scattering is not

within the control of the user. It may be scattered on either side of the designated delay

time.

The  physical  factors  in  blasting  such  as  length  of  time  then  etcetera  are  having

significant role on the performance of this detonator say as with the time these chemicals

are being not off to the quality as it is it is in the manufacturing time. So, in the time it is

quality became deteriorated and the performance became deteriorated. So, that is why

this is difficulties and manufacturing defects are very very high in this pyrotechnic delay

detonators.
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So, let us see some already tested scattering of the pyrotechnic delay detonators how it is

scattering. Say pyrotechnic delay detonators this testing’s are carried out in the CIM for

lab. And if you see these testing’s are carried out with short delay detonators of number

1, number 2, number 3, number 4, number 5, number 6 and it has been found there is a

huge scope of overlapping of these detonators. That means some detonators which is of

50 ms delay detonator may blast in between 65 to 85 millisecond. Simultaneously, some

detonators which is of supposed to be blasted at 75 millisecond are being blasted at 65 to

85 millisecond. 

So, that is why if some user is using in first hole the number 2 delay detonator that is 50

ms delay detonator. In the other hole the number 3 delay detonator that is the 75 ms

delay detonator, it may happen that the number 3 delay the whole having the number 3

delay  will  be  blasted  ahead  of  the  number  2  delay  which  is  not  as  per  the  design

requirement. So, there are chances where the overlappings may occur and wherever the

overlapping occurs in those cases there is a chance that the lesser delay number will be

blasted after the larger delay number. 

That means, as per the design the hole which is supposed to be blasted ahead of the other

hole the other hole may be blasted ahead of the first hole. So, those problems may occur

whenever people are using this type of cases. So, this is very very difficult situation and



in pyrotechnic delay detonator this cannot be avoided and the chances blasting is carried

out with this type of probabilities.

So, if anyone is having any one is having a scope of using a scope of using some less

number of delays he can opt for the jumping delays. That means, he can opt for number 2

delay he then instead of number 3 opting for number 3 delay, he may opt for number 4

delay, then the chances of overlapping of the pyrotechnic delays may be avoided. But,

often the that scope is not possible it is a supposed with the blast design it is expected

that he must use all the delays.

(Refer Slide Time: 28:41)

So, this is one major problem with the pyrotechnic delay elements pyrotechnic delay

detonators  and  in  those  cases  the  electronic  delay  may  be  a  better  option  than  the

pyrotechnic  delay  detonators.  If  you  see  the  recent  development  in  the  detonator

technology people are trying to use nano material based delay elements. Say the tube of

the detonator that is another very important factor, initially when it was developed the

tube was kept  copper tube so that it  is  considered to be the conductive one, but the

copper is a costly material.

So,  later  on copper is  replaced with the aluminum and nowadays we are having the

option that the iron based tube Fe tubes are also available. So, basically using those tubes

the prices of the detonators are reduced, but the we are achieving the same performance

from the detonators. Another recent development has been carried out from 2005 onward



2005 onward the wireless detonator. So, this wireless detonator it is now commercially

available  also,  where  there  is  more  lead  wire  is  required.  It  is  electronic  based  a

detonator.

The,  you have seen the drawback in the electronic detonator  is that  huge number of

cables  are required which are being destroyed during the blasting operation.  So, that

cable cost are very high, but this wireless detonator it is remote controlled the signal will

be given from the wireless device and the detonator is receiving the signal and after

receiving the signal it is exploded the explosive.

So,  that  is  basically  reducing  the  cable  wire  cost,  but  we  are  achieving  the  same

performance.  So,  this  wireless  electronic  detonator  is  the  most  latest  detonator  most

latest detonator commercially available in the market. So, basically this is more or less

about the detonators.
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And we will stop this class at this point there are other accessories you have seen in the

last  class where we have discuss the different  accessories detonating  fuses are  there,

detonating cords are there, NONELS are there, safety fuse are there. We will discuss

about  those  accessories  in  the  next  class,  but  again  it  is  desired  that  those  who are

attending this  course should go for more reading from this more reading from these

references. And I have again request you to visit the different manufacturers site to learn

more from this learn more from this lecture.



Thank you.


