Drilling and Blasting Technology
Prof. Kaushik Dey
Department of Mining Engineering
Indian Institute of Technology, Kharagpur

Lecture — 08

Drilling Mechanism

Let me welcome you to the 8th lecture of Drilling and Blasting technology. In this
lecture we will discuss about the mechanism of rock breakage while we are carrying out

drilling, but like every class let us retrospect our previous lecture.

(Refer Slide Time: 00:32)
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INTRODUCTION

v Retrospect Previous Lectures:
In previous lecture, we are accustomed with the different physical and mechanical
properties of rocks. We have also understood the influences of these properties on
drilling of rocks. However, these influences are also depended on the type of drilling

and its applications.
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Previously we are accustomed with the different physical and mechanical properties of
rocks. We have also understood the influence of these properties on the drilling of rocks.

However, this influencers also dependent on the type of drilling and it is application.



(Refer Slide Time: 00:54)

P Re QIS ED

INTRODUCTION

v Learning Objectives :
» Tounderstand the thearies of rock drilling.

» To know the mechanics rock breakage in drilling
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So, what we will do in this? This class we will mostly discussed about the theories of
rock drilling; that means, how in a during our drilling we are failing the rock. And the
mechanics of that rock breakage while we are applying force from the drill steel or drill
bit. So, this is our learning objective, we will try to understand these things in this

lecture. So, first before understanding the mechanism first let us have some look into the

Drilling methods.

(Refer Slide Time: 01:29)

] DRILLING METHODS

v The system of Rock Drilling

*  Mechanical  : Percussion, rotary, rotary-percussiorg:_
—._.———'-"-'__

ermal : Flame, plasma, hot fluid, Freezing

%aulic : Jet, erosion, cavitation
@a(mic : High frequency vibration # &
Mcal - microblast, dissolution

J .H.eé al  Electric arc, magnetic induction
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 Fusion, fission
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Basically the system of drilling may be carried out in different, different way. First is the
mechanical one, first is the mechanical one where we provide mechanical force using
some drill bit or drill steel so that; on repeated hammering or repeated abrasion the rocks
can fail. There are other systems in our mostly drilling while we carry out for our
blasting purpose, this is the most common one the mechanical drilling system we use for

drilling a hole in the rock mass.

Apart from that there are other drilling systems, where thermal behavior of the rock is
utilized for fragmenting the rock. If here, flame plasma hot fluids freezing these
technologies are adopted. It can be hydraulic force can be used for piercing the rock
fragmenting the rock so these are basically different where cavitation and erosion is
carried out for creating a hole. Seismic is carried out, where the seismic energy or the

wave propagation is utilized for fracturing the rock and creating a hole.

Hole can be created chemically where the rock is made soluble with the chemical and
take it out for creating a cavity. Electrically rock can be allowed to be fragmented by
electrical arc, magnetic induction. In fact, microwave techniques are also used for that,

laser cutting also be carried out and nuclear fission and fusion is also carried out.

But these technologies are not commonly used in drilling, in drilling for blasting
purpose. However, some of these technologies are utilized for rock excavation where
rock are fractured prior to excavate from the in (Refer Time: 03:38) in those cases these
are the technology Thermal, Hydraulic mining, Seismic fracturization or Seismic
fracturing in case of gas extracting, these chemicals where some mining is carried out by
chemical solutions, these are commonly used in rock excavation purpose, but not for our

drilling purpose.

So, in drilling for blasting purpose mostly we use this mechanical drilling and we will
discuss about this one in our future slides. However, at the end of this drilling part we
will try to discuss some of the special techniques of drilling in those cases some of these

techniques will be also discussed.



(Refer Slide Time: 04:29)
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v' Mechanical Operation

+ Even though there is an enormous variety of possible rock drilling systems, in
mining and civil engineering drilling is presently carried out, almost exclusively, by
mechanical energy.

*  The application of Mechanical energy to rock can be performed basically in only
two ways: by percussive or rotary action. Combining the two results in a hybrid
method termed rotary-percussive:

-
=
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Now, let us understand how we are mechanically carrying out the drilling. The
mechanical orientation this is carried out say there is an enormous variety of possible
rock drilling system in mining, and civil engineering, and exclusively it is carried out by
using the mechanical energy, this we have already discussed. This mechanical energy
from the drill to the rock is transferred basically from 2 by 2 way one is by percussion or

by rotary action.

And using where we use both the system, there we use hybrid system which is called
rotary percussive. Basically none of these systems are stand-alone all the rotary drills are
basically carrying out rotary action under a very little percussive actions. All the
percussive drills are carrying majorly percussive action a little rotary action. And in
rotary percussive drill that is hybrid drill carrying most both the action in a major
manner, but always the percussive in rotary percussive is the major action carried out for

drilling purpose.



(Refer Slide Time: 05:52)

] THE THEORY OF PENETRATION

* Drilling involves disintegration of the rockmass at the bit-rock interface under
the action of different cutting forces. However, the effectiveness of drilling, in
other words the rate of penetration of the bit, is certainly dependent on the
mode of wwwb-
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So, let us see about the theory of penetration, drilling involves disintegration of the rock
mass where the bit, and rock are interacting bit is basically fracturing the rock under the
percussive or rotary action, and the effectiveness of drilling is measured as the rate of
penetration of the bit. That means the speed at which the bit is traveling inside the rock
mass. So, basically the bit will travel in the rock mass very fast; if the energy transfer is

efficient.

So, basically drilling is basically the bit the bit and rock energy transfer between the bit
and rock interface which is very very important in the drilling. So now, let us look

further details of this.



(Refer Slide Time: 06:53)

] THE THEORY OF PENETRATION

v There are three main functional components of any drilling

system. ya

_/% Driil/ The source of energy
______.__—-h

\{//7 ( Drill steel )| The transmitter of energy
@\/ The applicator
i"éé ) = S —
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If you see the drill machine drill machine basically comprising 3 things: first is the drill
that is the machine second one is the drill steel. That means, the energy developed in the
mouth of this drill machine is transport to the bit through this drill steel, and bit is the

element which is interacting with the rock to fracture the rock.

So, basically bit is acting, drill is generating the power, and drill steel is the transmitter.
So, drill is the source of energy drill steel is the transmitter of the energy and bit is the

applicator of the energy.

(Refer Slide Time: 07:48)
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THE THEORY OF PENETRATION

v One additi onent

* (The circulation fluid ) which cleans the hole, control the dust, cools the

bit and at the time may be used to stabilize the
“wall of the hole.
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And we meet another thing along with this main one that is, auxiliary one, but this is
very very important that is the circulation fluid it is important, because the purpose of
circulation fluid is to clean the hole. That means whatever fractured rock is there the
fractured rock has to be taken out from the drill hole. So, we have to clean the hole so
circulating fluid is basically cleaning the hole. This is also suppressing the dust as it is a
fluid and these also cool down the bit. As the repeated hammering action or the rotary
action the temperature on the bit is trying to increase a lot the purpose of this circulation

fluid is to cool down this a bit.

So, that the temperature of the bit will remain less and the disintegration of the fracturing
of the bit material will not occur. So, that is why this circulation fluid is very very

important in the drilling.

(Refer Slide Time: 08:59)
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THE THEORY OF PENETRATION

Drilling Machine Setup

Point Marked
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Now, let us look into this video, this video basically will give you some idea. Here a
rotary drill normal a handheld drill which is used in the household purpose that drill is

used to drill an wooden piece. So, you just look into that you just look into this.
As you has a thought.

Video.

How the holes are made in a work piece without damaging it.



So, that you can understand little bit of axe some of drill machine
To understand this let us consider a wooden block.

How it is carrying out the drilling?

And mark a point on it.

(Refer Slide Time: 09:38)
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THE THEORY OF PENETRATION

Drilling Machine Setup
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So, they basically this is the drilling of the wood under a household machine and this is a

complete rotary drill machine.



(Refer Slide Time: 09:46)
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THE THEORY OF PENETRATION

Mnltiglnt Cuttlgg lﬁl
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THE THEORY OF PENETRATION
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So, you can see it. So, that is the machine this is the drill steel in the mouth of the drill

steel the rotational part that is the bit is there, so these are 2 point.

Now, let us rotate the hand lever manually, this makes the rotating tool to move linearly
towards the wooden block until the tool gets touched to the block as we rotate the lever

further we see the 2.

So, first is given manually to the rotary action.



Into the wooden blocks.

The wooden blocks are.

We continue (Refer Time: 10:24).

Cutting into to the pieces we can see the cut pieces are coming out.
(Refer Time: 10:218).

You see in this case there is no circulation fluid.

(Refer Slide Time: 10:36)
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THE THEORY OF PENETRATION
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Only by as it is a short length drilling and it is manually operated. So that is why the
wooden pieces are coming out in the rotary action only cut pieces are coming out in the

rotary action only more circulation fluid is available in this case.



(Refer Slide Time: 10:50)
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v'The transmission of energy

The three components are related to the utilization of energy by the
system in attacking rock in the following manner:
v Drill

+ The drill is the prime mover.
R
* It converts energy from its original form (hydraulic fluid, pneumatic,

ectrical or combustion engine drive) into mechanical energy to actuate
the system. ﬁ?to/\(w.,{ Q(

Rotry O
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So, basically you can understand the drill is basically the prime mover which is the
source of the energy. It converts the energy from it is original form which may be
hydraulic, pneumatic, electrical, diesel anything into the mechanical energy either by

percussive or rotary.

So, either it is giving a percussive action like this or it is giving a rotary action like this
or both. So, basically drill is converting the prime energy into the mechanical energy in

form of either percussion or rotary action.

(Refer Slide Time: 11:40)
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THE THEORY OF PENETRATION

v'The transmission of energy
v The drill steel

* The drill steel transmits energy from the prime mover or source to the
bit or applicator.

v The bit

+ The bit is the applier of energy in the system, attacking rock
mechanically to achieve penetration.
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Then the next one is the drill steel. So, drill steel is the basically the drill rod, which is
transferring the energy in same and equal manner to the drill bit, which is the applicators.
And the next one is the bit which is applying this energy to the rock. That means, if it is a
percussive energy. So, drill bit is basically hammering the rock, if it is the rotary energy

then drill bit is abrasing the rock and on it is point of contact.

(Refer Slide Time: 12:16)
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FACTORS INFLUENCING DRILLING

. \y@es and their geometry

'\A};@thrustand rotational speed - Controllable drilling
parameters
J \Flju{ing media and flushing rate

* Rock properties — Uncontrollable @
e
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Now, fracturing is fracturing of rock by the drill is basically influencing by 4 major
properties. You can see the first is the drill bit and it is geometry. Second one is the
applied thrust and it is rotational speed; that means, the rotary force abrasive force,
applied thrust means the percussive force. Flushing medium is how first we are taking
out the cut pieces, and finally the rock properties. Basically if you look into these the
first 3 are controllable; that means, we can change we can choose our drill machine, we
can choose our drill bit, we can choose our drill steel, we can choose our flushing media,
we can increase or decrease the force of the drill bit you by a manually operating our

drill machine.

So, these are controllable parameter for us; however, we cannot change the rock because
this is in situ and it is uncontrollable. We have to drill a hole in that media whether we
like it or not we cannot change this media. So, basically we have to select a suitable drill
machine or you have to select these properties in the drill machine so that we can achieve

the foster drilling rate.



(Refer Slide Time: 13:45)
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PERFORMANCE OF THE DRILLING

¢ Drillability of rocks :
+ The real, or projected rate of penetration in a given rock type.

¢ The drillability index :
+ Arelative indication of this property (drillability) for different
drilling systems such as rotary, percussive or rotary-percussive.

* |tis a convenient parameter and serves as a guide in selecting a
suitable drilling technique, rotary drilling or percussive drilling,
to yield optimum drilling technique.
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So, basically drillability is the drillabilty of the rock is defining it is how easy to drill a
rock and we, there is a drillabilty index which defining the drillabilty of the rock under

different condition rotary or percussive or rotary percussive condition.

(Refer Slide Time: 14:09)
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PERFORMANCE OF THE DRILLING

* It also helps in setting up norms for drilling operations and in
estimating the cost of rock excavation work.

¢ It further assists in estimating the average life expectancies of
tungsten carbide bits and tipped steels.

NPTEL ONLINE Dr. Kaushik Dey

[TEA/GRE CERTIFICATION COURSES | panartment of Mining Enginee

Performance of the drill machine also helps in setting up norms for drilling operations
and in estimating the cost of the excavation. And it further assist the estimating the

average life expectancies of the bits and the drill steels.



So, basically drillabilty index, drillabilty index is defining all these requirements from
which we can assess or we can estimate the penetration rate, we can estimate the cost of

drilling and accordingly we can choose our drill machine for our requirements.

(Refer Slide Time: 14:56)
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v'Theory of Mechanical method of rock breakage

+ The general types of rock breakage during drilling by mechanical method,
including percussion drilling, rotary drilling, and rotary-percussion drilling, are
three kinds of basic mechanism: percussion-penetration, pressured roller, and
cut

—_—

+ During the process of drilling the tool (percussive drilling bit, roller-disk and

studded roller-disk cutter, rotary tricone bit, or drag tools), the firstaction is
(Ef%ior percussion), the too@enetratks into (indentation) an@by Fp)
the rock surface, then expands the breakage by continual percussion together

with rotation of the bit, or pressured-rolling by thrust force (Fp) and torque (M)
or continual cut by push force (Fr) under the thrust force (Fp).
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Now, let us see the theory of mechanical method of rock breakage. Generally, the during
the drilling a rock is mostly fractured in percussion drilling or in rotary drilling or in
rotary percussive drilling ok. So, this basic mechanism for the percussive drilling is the
percussion penetration, which is nothing but the hammering and fragmenting the rock
fracturing the rock. Then the pressure roller which basically a abrasive fails the rock on

abrasion and finally, the cutting of the rock.

So, basically these 3 actions are considered while we are selecting a drill tool.
Considering the percussive drilling bit rotter roller disk, studded roller disk cutter, rotary
tricone bit or drag tools. The first action is basically push that is hammering carried out
by percussion. Second action is penetration, which is the indentation we have already

discussed in your indentation test third one is the breaking which is carried out.

So, the rocks this is basically we are converting our different force to the failure of the

rock in the application part.



(Refer Slide Time: 16:44)

]MECHANISM OF ROCK BREAKAGE

v'Theory of Mechanical method of rock breakage

¢+ The tool penetrates and breaks the rock surface by a static (thrust) force or
impact (percussion) force; this is the basic process of the rock breakage by
mechanical method.

(c) Cut

(a) Percussive,  (b) Pressured roller,

NPTEL ONLINE Dr. Kaushik Dey

IITKHARAGPUR‘ CERTIFICATION COURSES
? 9 M

Department of Mining Fnginee

So if you look into this, this is a percussive this is a percussive action carried out on the
rock. And in this case this portion the rock is fragmented or crushed in the percussive
roller this is you can see this is a disk cutter, disk cutter. This percussive roller is
basically crush or cut the rock in the mouth where the fracturing is occurred in the sharp
nose of the roller cutter. And here, the shearing is carried out cutting of the carried out

using the drag type of bits.

(Refer Slide Time: 17:32)
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v The phases of tool penetration

¢+ The process of tool penetrating the rock surface can be divided into four phases

as follows.
* Crushed zone: (b) A4
+ Asthetool tip begins to l

d rock surface, 1

stress grows with the
LB IS
increasing load

deformed zone Il in Fig.

Elastic deformation zone Il
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Now, let us see the phase of penetration of the rock say, while we are carrying out
percussing a percussive action that time basically it is carried out in 3 phases first is the
crushed zone. Say the moment for the first percussion is carried out at this position. So,
this portion of rock fails under high hammering action and crushed and crushed into

almost a powdery form.

So, first the tool tips begin to dent the rock surface stress, grows with the increasing load

and material is elastically deformed in this part.

(Refer Slide Time: 18:22)
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v The phases of tool penetration
* Crushed zone:

At the contact surface, irregularities are immediately formed and a zone of
crushed rock powder core develops beneath the indenter (the bottom or
insert of the tool). The crushed core comprises numerous microcracks that
pulverize the rock into powder of extremely small particles. RGOt 70-85 %
of the indenter’s workis consumed by the Tormation of the crushed zone,
The crushed core transmits the main force component into the rock.
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Then at the contact surface, irregularities are immediately formed a zone of crushed rock
powders are developed beneath the indenter. So, the moment indenter is pressing the
rock that time; the initial portion the rock fails under compression to a powdery form.
Then the crushed core comprises numerous microcracks that pulverize the rock into the

powder and extremely small particles.

So, about 70 to 80 percent of the indenter work is consumed by this formation of the
crushed zone. So, initial in hammering the most of the energy is consumed by these then
in the rest part the force is transmit to the through the rock and that formed that formed

the cracks in the outer ward.



(Refer Slide Time: 19:20)
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v The phases of tool penetration
* Crack formation:
As the process continues, dominant cracks
begin to form in the rock, phase (a) in Fig. (a) Fp
This initial stage of restricted growth is l
described as an energy barrier to full
propagation. The placement of major cracks

depends on the indenter shape. Generally,
MMEL@IMW@ Crushed rock
blunt indenters, such as a sphere, is located

just outside the contact area, pointing down

and he sur

Cracked formation zone Il
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So, as the process continue; dominant cracks begin to form in the rock in the outside
after this the cracks are formed after the crushed area. And this initial stage is a restricted
the growth as energy barrier to full propagation. The placement of major cracks depend
on the indenter shape. Generally, the dominant placement of major cracks with blunt
indenters such as; sphere is located just outside the contact area pointing down and away

from the surface.

So, from the crushed area the crack propagation to the outer direction is carried out in

this phase.



(Refer Slide Time: 20:20)

]MECHANISM OF ROCK BREAKAGE

v The phases of tool penetration
* Crack propagation:
After the energy barrier has been overcome, spontaneous and rapid
propagationﬁm‘rwm_h pth than the contact dimension, the
tensile driving force Talls below that necessary to maintain growth, thus

the crack again becomes stable. The crack is then said to be “well
developed.”.

P

NPTEL ONLINE Dr. Kaushik Dey

IIT KHARAGPUR CERTIFICATION COURSES

Department of Mining Fnginee
7 0 S

Then the crack starting propagating and energy barrier has been overcome and it
propagates spontaneously and rapidly in the all direction. And at a lower depth than the
contact dimension the tensile driving force falls below that necessary to maintain growth.

Thus the crack, again become stable and the crack is then said to be well developed.

So, around that a well-developed around the crush zone cracked is widened propagated,
then propagated of propagation of the crack continues. Finally, it became stable after the

well development of the cracks.

(Refer Slide Time: 21:07)
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v The phases of tool penetration
* Chipping:
When the load reaches a sufficient (b) Fp
level, the rock breaks and oneor.
Tmore Iargem—
lateral cracks propagating from
—

beneath the tip of the indenter to
the surface. This process is called
yjf_age_cjj_epiniphase (b) in Fig.
Fach ti chip is formed, the force

temporarily drops and must be built

up toa new, higher level to achieve
chipping.

Breaked chips ‘
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Then chipping action comes when the load, as we are also increasing this load as we are
trying to forcing this inside this through our thrust. So, this load is increasing and reaches
the sufficient level rock breaks into one or more large chips. So, this cracks crack
generated here that breaks in the large chips and formed by which are formed by the
lateral cracks propagating from this beneath. So, these are the propagation and this chip

chips is formed, and this process is called surface chipping.

So, this is basically surface chipping occurs each time a chip is formed the force
temporarily drops and must be built up to a new higher level to achieve the chipping. So,
the moment one chip is coming out as you know the new formation of cracks or, new
formation of the surface area, new surface area consumes energy. So, basically formation
of one chip that is coming out it is basically the relief of energy. And again the next chip

will come out when the again the thrust will be built up on the tip of the bit.

(Refer Slide Time: 22:34)

PR AT SO T

MECHANISM OF ROCK BREAKAGE

v The leapfrogging process of the indenter as it penetrates the rock

surface
Rl X 82
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Fig: Load (Fp)—Penetration (h) profiles of various rocks (Courtesy of Coal Industry Press,
China).
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So, if you look into this figure, this is the leapfrogging process at the tip of the indenter
occurs as it penetrates the rock surface. So, this one is for the soft rock, this one is little
bit hard rock this is of very hard and brittle material, and you can see every time one chip
is coming out some penetration is achieved it drops it is force again it the force built up

in the tip of the a bit.
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v Facts drawn from the loading-penetration process
Fact 1
———
* From Figure, it shows that the load-penetration curves for each sub
rising sections have substantially the same slope. That means the
increase in penetration depth is nearly a constant when unit load is

increased

+ The dropping sections of the curves are in relation to the stiffness of the

loading mechanics; it is not fully dependent on the rocks being aent@d.

—_—
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So, from this figure we can understand few things, first the fact one from the figure it
shows that the load penetration curves for each sub rising section have substantially the
same slope. That means, the when the load is build up the strain generated on the rock is
having similar slope, and with the increasing penetration depth it is a nearly constant

when unit load is increased.

Next the dropping sections of the curves are in relation to the stiffness of the loading
machine and it is not always, always fully dependent on the rocks. So, basically this
dropping sections depends on the machine also depends on the property of the rock also

these are the first fact.



(Refer Slide Time: 24:16)

]MECHANISM OF ROCK BREAKAGE

v Facts drawn from the loading-penetration process

Fact 2 »
* The bottom angle of the crater l
(called “natural breaking angle”)

are almost always within a range

formed by crushing and chipping r
about 120°- 150°.
e ———

Breaked Chips

ed rock_Powder core
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Next let us look into the second fact, in the second fact you can see the bottom angle of
the crater, this bottom angle of the crater; which is called natural breaking angle formed
by crushing and chipping. So, this part is cracked crust this part is chipped. So, this
crushed part these chipped part are almost within a range of about 120 degree to 150

degree.

So, the angle formed this angle formed is having almost a region of 120 degree to 145

150 degree, and if you look into this next slide.

(Refer Slide Time: 25:06)
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v The natural breaking angle of some rocks
Rock e @ C\
Softnale 16"
Clay shale 128
Dense limestone 116 \//
Soft sandstone 130"
Hard sandstone 144 /
Coursed-grained marble 130
Basalt 146 \/
Diabase 126
Fine-grained granite 140
Hard quartzite 150 /

Natural breakage angles () of some rocks (courtesy of coal industry press)
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You will find out the this angle measured by the those Chinese coal industry a place for
different material you can see this angle is for Soft shale if this is 116 degree, Clay shale
128 degree, Limestone 160 degree, Soft limestone a Soft sandstone 130 degree, Hard
144 degree Basalt 146 degree, Quartzite 150 degree. In this sense we can guess, this has
some link maybe with the brittles of the material, but more research is required on this

dependency of this angle with the material property.
So, let us stop at this point. In this lecture we will continue drilling in the next class also.

Thank you.



