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

Lecture - 10
Drilling Machines - 1

Let me welcome you to the 10th lecture of Drilling and Blasting Technology course. In

this lecture we will discuss about the Drilling Machine.
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INTRODUCTION

v Retrospect Previous Lectures:
In previous lectures, we understand the drillability of rock. We have also
understood the purpose of drillability and the different experimental

procedure to evaluate the drillability.
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There are basically 2 lectures on the drilling machine. So, this is the first lecture on the
drilling machine. Like every class let us retrospect our previous lectures. In previous
lectures we understand the drillability. We have found that drillability is very very
important. We understand how our machine has to be selected based on that drillability

of rock.

We have also understood the purpose of drillability and the different experimental
procedure to we evaluate the drillability. So, we have seen there are one is European
procedure another is the Chinese procedure. Both are more or less similar procedure in a
European procedure, it is carried out by the miniature drilling, where Chinese procedure
it is carried out by the impact mostly impact penetration. So, that is why this is little bit
more or less similar. But however, the results obtained from both are more or less similar.

So, this we have already covered.
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INTRODUCTION

v Learning Objectives :
» To know the different drilling machines.

» To understand its classifications, applications at various situations.
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Now in this class our learning objective is to know; what are the different drilling
machines available to carry out drill drilling a hole, so that we can place our explosive
inside that hole for blasting purpose? And second one is to understand the classification
of these drilling machines, their applications at various situations. So, this is our main
objective. This objective will remains same in the next class also. On this plot objective

we will try to discuss; what are the different drilling machines how they are working.
And we understand their classification also.
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v Classification on drilling manner

Within the large variety of excavations using explosives, numerous machines
have been developed which can be classified into two types of drilling
manners:

» Manual drilling “-/
» Mechanized drilling \/
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So, if you are classifying the drilling machine based on the drilling manner, it can be

classified in 2 way: one is that manual drilling, second one is the mechanized drilling.
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v Classification on drilling manner

v Manual drilling ( =
* This s carried out with light equipment that is handheld by the drillers.

* |t is used in small operations where, due to the size, other machinery cannot be
used or its cost is notjustified.

* The modern handheld rock drills are developed trending to be lighter, more
convenient, and more efficient.

* Except the widely used pneumatic handheld drill, some new energy sources, like

hydraulic, electricity and internal combustion engine, are also develgped
e ————
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So, as it is given the manual drilling is basically carried out with the light equipment, and
the drilling is carried out with the handheld operators. That means the reaction force of

the drill bit onto the rock is basically experienced in the human body.

That means the human hand is which is giving the thrust that is also getting the reaction
force. So, that is why this handheld equipments are drilling machines are always
lightweight equipments. And a significant thrust is not allowed, because then it may
damage the human tissue. So, this small operations for small operation these machines
are used. These machines are used for the smaller size also. And that is why these are not

very costly machines.

So, that is why as the thrust given is say limited. The diameter of the drill hole has to be
limited for the manual drilling machines. The modern handled rock drills are available
which are little bit lighter in weight and convenient to use. Most of these drill machines
are either numerically operated or electrically hydraulically operated in the most of the

cases. These are basically the major source of energy for the manual drilling machines.
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v Classification on drilling manner
v Manual drilling

i\
Handheld pneumatic rock.di
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So, let us see some of the manual handheld drilling machines. You can see this is the
pneumatically operated jackhammer. This is same pneumatically operated jackhammer,
but you can see there is a air lake which is basically taking the weight of the drill
machine. And the human being is only giving the thrust onto the drill machine, so that
the drill rod receive a thrust here. In this case the benefit is that weight of the drill
machine is basically the major source of the thrust. And this person is in little bit comfort

position he is not have to give a thrust through his hand.

The same drill machine is also there, pneumatic drill machines are little bit heavier. But
these drill machines are little bit lighter, where the motive power which is pneumatically

provided here the motive power is heraldically provided in this machine.
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v Classification on drilling manner
v Manual drilling
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Electrical drill machines are also possible this is the internal combustion drill machine.

Where you can see in the internal combustion this is the storage tank.

So, on ignition this storage tank is basically giving the source of energy by ignition of
that. And so, that diesel or petrol whichever power it is, that power is converted to the
energy and that is being utilized in this case. Here, the electrical power is used, this is the
motor which is run by the electrical here the engine and this part is the motor, this part is
the engine, and this is basically giving us the power. And this air leg is common in all the
cases basically to take care of the weight of the machine. So, prime power may be

electrical, maybe pneumatic, maybe hydraulic or maybe diesel or whichever it is, ok.

So, this may be the prime motive power, but that is converted to the mechanical power

using this machines.
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v Classification on drilling manner
v Mechanized drillin

The drilling equipment is mounted upon I’é;\with which the operator can control all,
drilling parameters from a comfortable position.

These structures or chassis can themselves be mounted on the wheels t}tracks and
either be self-propelled or towable. \
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Now, the next one from the manual it is the mechanise drilling; where the large drilling
equipments are used which are mounted on the rigs, operator can sit away from the rig.

And control the operation of the rig from a comfortable position.

So, basically drilling is carried out by the drilling rig, drilling rig and the operation of the
drilling rig is controlled from a cable or somewhere else. It may be possible that this
control cabin and drill rigs are mounted on a same truck, mounted on a same platform or
truck, or it may be mounted differently, the rig may be separate and the operators cabin

may be separate.

This structure or chassis can themselves be mounted on the wheels of tracks, and either
be self-propelled or towable. So, that is also provisions are there for the mechanized

drilling.
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v Classification on drilling manner Mo""‘
v Mechanized drilling f% /

Crawler rig for surface drilling Wheel-mounted rig for underground drilling
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So, this is 2 cases of mechanise drilling you can see this is for the surface, this is for the
underground situation, this is called jumbo drill this is the crawler mounted drill. So, this
wagon wheels you can see these are self-propelled, and this is the drill rig, drill rig is

containing the drill rod; which is drilling additional drill rods are also there.

And all this operation of this, movement of these are controlled by the operator in the
operator cabin. Same system is there also you can see this is twin boom. Simultaneously
2 holes can be drilled here. And this is made for the underground purpose, that is why the

height is kept very limited, and this drilling can be carried out in the front direction.

Angling drilling is also possible. Nowadays, most modern mechanized machines are
completely computerized. So, the penetration depth, penetration rate all these are can be
absorbed feed levels thrust all these can be observed or controlled by the operator.
Similarly, the drilling angle is can also be automatically a controlled, same provision is

given here also.

And in this drilling we can drill up to 350 mm dia holes also. Those are also possibles at
this using this type of drilling. And if you see the modern drilling equipment here 8§ boom
jumbos, 8 boom jumbos are also available, where these are the twin boom 2 booms are
here available here. But instead of 2 booms 8 booms are also available that types of

jumbo machines are also available in the market. So, modernization of the mechanized



drilling has been carried out and a lot of advantage huge modern drilling equipments are

also available in the market.
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v Classification on drilling method

* The two most used mechanical drilling methods are rotary-percussion and

G

* Rotary-percussive drilling is the most classic system for drilling blasthole and
widely used in mining and civil engineering si iddle of nineteenth

century starting with steam power then by'compressed ar, _J

. v?( Pﬂ@n the sixties of last century has given a new
0

st to this method, complementing and widening its field of application.

—

-
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Now as we have discussed already. Drilling method can be classified into rotary and

percussion. We will mostly discussed on to the rotary percussion because this is the most
common drilling technique used for all the mechanized drilling. So, rotary percussive
drilling is the most classic system for drilling blast hole. And widely used in mining and
civil engineering since the middle of the 19th century. Motive power may be anything,

the appearance of hydraulic power also modernize this uses of these systems.
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v Classification on drilling method
v Rotary percussive

* According to the difference in the working modes of the major performances,
hammer impact and rod/bit rojary, the rotary-percussive drilling are classified
into two groups:

NPTEL ONLINE Dr. Kaushik Dey

IIT KHARAGPUR CERTIFICATION COURSES
7 0 yHEM

Denartment of Mining Fnginee

This rotary percussive drilling can be classified basically in 2 part: one is top hammer
part another is down the hole hammer type. In this lecture we will discuss on the top
hammer part, we will discuss the down the hole hammer part in the next class. So, let us

see; what is top hammer drilling carried out in the rotary percussive drilling.
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v Rotary percussive

* Rotary-percussive drilling is based upon the combination of the follow|hg four
actions.

———

+ The piston inside the rock drill strikes the tail end of the rod

and generates shock waves that are transmitted to the bit th
rod (in top hammer) or directly upon it (DTH).

—
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So, rotary percussive drilling is basically having 4 actions. One is the percussion, where
piston inside the rock drill strikes the tail end of the rod or bit itself and generates the

shockwave which transmitted through the bit or directly upon the DTH in case of DTH.



So, basically this is the drill steel, in the mount of the drill steel the bit is fitted.
Hammering action is carried out here. So, the shock generated is basically transmitting

here, the hammering force acting on this, crossing is carried out at this.

Then on the rotation of this the shearing of the cracked portion is occurred to so that the
chip will come out. When this hammering action is carried out from the top, this is called
top hammer, when this hammering action is carried out this hammering action is carried
out providing a pneumatically or hydraulically hammer here. And this hammering action
is carried out on the bit there is no movement of the drill steel. But for this hammer only
that drill bit is oscillating and generating the shock wave hammering the rock, then it is
called down the hole hammer drill. So, basically percussion is given either from the top

or from the down the hole.
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v Classification on drilling method
v Rotary percussive

* Rotation: /

* The rotary mechanism rotates the rod (in top hammer) or tupe ({n COPROD)
e
or DTH hammer. With this movement, the bit is turned so that the impacts
are produced on the rock in different positions.

* Feed or thrust load:

8ol MG 1leC e
+ Feed force is required to keep the shank in contact with the drill and the
drill bit in contact with the rock. This ensures maximum ;

transferred from the piston to the rock. .,
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Then the rotation is given to the rod, either by top hammer or by the down the hole

hammer.

Means again the rotary action is also given in the drill steel in case of top hammer and in
the bit from the down the hole hammer. Often the rotary action is given for the down the
hole hammer also from the top also, then the feed or thrust or the load. So, a feed forces
required to keep the shank in contact; that means, a force a thrust has to be given in the

top of the drill steel whether it is a down the hole or it is the top hammer.



In both the cases this thrust has to be given, so that the bit must remain in contact with
the rock always there should not be any air gap. So, that is why this contact must be there
and feed or thrust load is basically assuring this one. So, feed or feed force is required to

keep the shank in contact with the drill and the drill bit must be in contact with the rock.

This ensures maximum impact energy should be transferred from the bit to the rock. So,
this basically feed is basically required for consistent transferring of the energy from the

machine to the rock.
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v Classification on drilling method .
v Rotary percussive Y @M
¢ Flushing:

o/ ¢ Flushing is used to remove t_flwock tting.from therdrill hole and to cool
bit. The flushing medium—air, water, mist, or foamis forced to the bottom
of the drill hole through the rod’s flushing hole and the hole in the drill bit.

Percussion

— . 1!
Feed or thrust load Flughing

1-Piston 2 - Shank adapter 3 - Coupling 4 - Drilling rod 5 - Bit
Basic action in rotary-percussive drill
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And finally, the requirement is the flushing where the cut chips the chips has to be taken
out from the hole. And for that the flushing is required, this flushing most common
flashing is the air, water, mist, foam often we use bentonite etcetera as a flushing medium

which can be utilized for sealing the holes also.

So, our side part of the holes also, we mix bentonite in the flushing medium. So,
basically these are essentially flushing is essentially required as we have discussed
earlier also. This is essentially required for taking out these chips for the cooling of the
drill bit, and also for repairing of the sidewalls of the holes also. So, these are essentially

required flushing is essentially required.
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v Rotary percussive - Top Hammer Drilling

* Top hammer drilling is the most widely used mode of rotary-percussive methods
from handheld to drilling rigs.

* Here, the impact energy is generated when the piston is striking the adapter (or

ta|l end of the rod in handheld drill).

. Thlsen ansmijtted from thelrock dri shankadapter drill rod
wherenls &d for crushing:
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Now details of the top hammer drill let us discuss. Top hammer drilling is the most
widely used rotary percussive drilling, though nowadays for the deep holes we prefer
down the hole. Here are the impact energy is generated in the piston which is striking the
adapter, that is the tail end of the rod. Then the rod it is transferring it is energy to the bit,

and beat is acting onto the rock.

So, basically from the rock drill, from there rock drill is basically hammering onto the
shank adapter. So, the shank adapter is transferring the hammering force to the drill rod,
some drill rod the drill bit is receiving the force. And finally, the force is going to the.
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v Rotary percussive - Top Hammer Drilling

¢+ The top hammer method is primarily used for drilling in hard rock for hole
diameters up to 5 in (127 mm), and the main advantage is the high penetrafon
rate in good solid rock conditions.

¢+ Handheld pneumatic rock drill is used for small hole diameters while rig
mounted hydraulic rock drill is commonly used for hole diameters above 1 5/8 in
(41 mm). -

J draulic rock drill wi impact power of up to 40 kW is used for large
hole diametersup to 5 in. .,
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So, basically let us look into this.
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¥ Rotary percussive - Top Hammer Drilling

’& Working principle of Top
hammer drill
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If you look into this figure you can see this is the hammering action is going on.
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v Rotary percussive - Top Hammer Drilling - Types y/
&

+ The pneumatic top hammer
*1 ItTs equipped with valves (or piston itself in some handheld drills) to
change the direction of compressed air into the cylinder, so that the
Q_y' compressed air pushes the piston with reciprocating strikes on the
/50‘ adapter or the tail of the drill rod through which the shock wave is
transmitted to the bit where the chisel crushes rock. _

+ Along y4 strike of the piston, the drill rod was rotated a certain
angle {5°-15°)lby a spirally fluted rifle bar or by independent rotary
mechanism.
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Hammering action is going on onto the top. Then this top is getting the hammering force,
this is the shank. Shank is transferring it onto the rod, there may be n number of rod
coupled with the coupler. Then the rod is transferring it into the bit. So finally, the bit is
transferring the energy into the rock. So, the top hammer method is primarily used for

drilling in hard rock and up to a limited diameter, and up to a limited depth also.

For the limited diameter and small dia holes, the performance or the penetration rates are
considered good. All the handheld operators are mostly they working based on the top
hammer type. Heavy hydraulic rock drills with high impact power are also used for the
large holes. But the problem of this top hammer drill is that, this top hammer drills

cannot be used for the deep holes.

Top hammer drill can be further classified; top hammer drill can be further classified
while the pneumatic motive power is used. Most of the cases we use pneumatic motive
power for the top hammer drills specially for the handle drills. These allow the change of
the direction of the compressed air from the cylinder. So, the compressed pushes the
piston with reciprocating strikes on the adapter or the tail of the drill rod through which

the shock wave is transmitted to the bit where the chisel crosses the rock.

So, this is for handled drill machine specially for the jackhammers, this principle is used.
Along with each strike, the piston the drill rod rotates a certain angle 5 to 15 degree. So,

that means, the moment the drill rod is being push forward, it takes an angular rotation, it



takes an angular rotation and this angular rotation is utilized for the having the rotary

action.
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Now this is the photographs of the jackhammer you can see. And if you look into this,
you can see this is the rifle bar, this is the rifle bar which is basically allowing the
rotation of the piston. So, as the bar is a little bit the rotary action. So, the piston is
allowed to move like this so automatically a rotation occurs into the piston. So, as it is
moved in the forward direction the piston is basically allowing a little bit 5 to 15 degree
rotation here. So, these are the different components, this is the air control bulb for
drilling, this is the ratchet and pawl this is the operators stand on this side, this is the

throttle bulb handle.

This is rifle bar we have already discussed the air controlled bulb which allows the relief
or of exhaust here. Then that blower bulb, this is the piston; this is the chuck which is
holding the rod. And this is the steel returner and this is the thread of the drill steel. So,

this is basically different components of a handled jackhammer drill.
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v Rotary percussive - Top Hammer Drilling - Types

* (Hydraulic Rock Drill
e sixties and beginning of the seventies, a great
technological advance took place in rock drilling with the development
of hydraulic hammers.

* These new, high-power rock drills not only doubled drilling capacities

but also improved the drilling environment.

+ The intradustion of hydraulics to rock drilling also led to improvements
in drilling accuracy, mechanization, and automation.

-
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If you look into the hydraulically operated drill this is in this case we are using hydraulic
oil as the motive power. And by this hydraulic hammers are became popular, this high
powered rock drills doubled the drilling capacity, this also improve the drilling
environment as the material is not leaked out; as the air is coming into the surface it

coming into the atmospheric air that may create problem.

So, here there is no case of spilling, drilling accuracy mechanization and automations are

also improved in case of hydraulically operated handled drill machines.
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v Rotary percussive - Top Hammer Drilling - Types

* Hydraulic Rock Drill
+ Although in the beginning hydraulic drill rigs were mostly used in
underground operation, but at present It has been widely used in both
underground and surface drilling except some very small projects and
——

places where hyarauticdrifTigs cannot Be used.

¢ But on the other hand, they also have some disadvantages: high initial
investment, more complex, and costly repairs than those for pneumatic

drills, requirin izati reparation of maintenance
personnel._
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So, hydraulic drill rigs were mostly used in underground operations.

This also nowadays used in the surface drilling also. But in small project this may not be
very very efficient as you have to keep a huge hydraulic oil pool. Some cases it may be
advantages where high initial investment is required because of this. More complex
operation is there repairing may not be that much easy for these machines, you may have
some expert mechanic for that. And maintenance required maintenance for maintenance

recruitment expert expertization is required for hydraulic drill handled drill machines.
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v Rotary percussive - Top Hammer Drilling - Types

(a)
» Working principle of the % Pttt
hydraulic drill '

(b) :
| Piston moves backwards

Piston in rear position

Piston moves forwards
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So, these are the figures of hydraulic handled drill machine. If you can see this is more or
less similar to our pneumatically operated drill machine. This is the piston at the front
end, this piston moves backward in this case, and this is the rare portion of the piston,
and this is the piston moves forward. So, this is the schematic diagram of the hydrically

operated drill machines handled drill machines.
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v Rotary percussive - Top Hammer Drilling - Types

Drilling Parameter .
Shoek Absorber Control g
Piston

Fhushing Fhid
Intake

*Hydraulic rock drill and
its cross section
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And this is the cross section you can see.

So, let us stop the top hammer based drill machines at this point. We will continue this

lecture with the down the hole hammer drills in the next class.

Thank you.



