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Abstract: 
 Today Atlas Copco is marketing drilling monitoring system under the 
name of “Atlas Copco Secoroc EDGE” in collaboration with SECOND 
SQUARE. This system relies on processed signals from measurement 
gauges. Effectiveness of the drilling operation as well as the equipment 
status can be observed by the drilling operator by interpreting the 
processed output signals. The purpose of this work is to investigate the 
vibration signals and data obtained from the monitoring system EDGE, 
measured on the rock drill machinery during drilling, and to investigate 
their relation to the actual physics of the drilling process. The purpose of 
a drilling monitoring system is to provide information and to alert 
(Visual/Auditory) the driller concerning possible critical scenarios and 
the performance of the drilling. Today experienced drillers observes the 
sound produced by the drilling machinery and in general, base their 
judgment on their intuition. During this thesis project a concept of 
quantifying distinct aspects of a complex system based on the utilization 
of e.g. the Fast Fourier Transform (FFT) was studied. An experiment 
was conducted to verify different theories and claims regarding the 
present EDGE monitoring system and also to see the patterns in other 
system parameters like the different line pressures and R.P.M etc. 
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1  List of Symbols & Abreviations 

1.  W.O.B,WOB         Weight on Bit (Feed force - Holdback Force) 

2. R.O.P,ROP             Rate of Penetration. 

3. A1                           Fundamental/Impact Frequency  

4. A2, A3 ETC            Higher Harmonics. 

5. Fs                            Sampling Frequency. 

6. P.S.D                       Power Spectral Density. 

7. FFT                         Fast Fourier Transform  

8. Ff                             Feed Force. 

9. Fh                            Holdback Force. 

10. Pfeedp                    Feed Pressure. 

11. Pfeedc                    Holdback Pressure. 

 



 6 

  

2 Introduction 

2.1  Rock Drilling Process 

 

To begin to understand how EDGE works it is very important to understand 
the different process of drilling and key events in a drilling cycle. 

Percussive and Rotary drilling are two types of common drilling methods. 
In this thesis Percussive drilling is only considered. 

Percussive Drilling: - This form of drilling is common and it is typically 
what would been encountered if a hammer is used to force a nail into a wall 
together with rotation of the nail about its length axis. The mechanism can 
be explained as a hit by a hammer sending a Compressive stress wave 
through the nail to its tip and transferred to the wall and if this stress is 
enough to crack the surface and cause penetration the nail will penetrate the 
wall. 

In the case of Rock drilling the percussive Drilling is used for small to 
medium holes. 

The main advantage of such drilling system is that they are less bulky and 
is more maneuverable. This type of drilling can be done from above and 
below the ground. The general mechanism of the drilling is as illustrated in 
the figure 2.1 below. 
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Figure 2.1. Drilling Actions. 
 

The general drilling action can be categorized as the combination of 
IMPACT, FEED FORCE, ROTATION & FLUSHING in a timely 
manner. 

Impact: 

The impacts are caused by a piston in a reciprocating manner. The 
reciprocating action is provided by working fluid acting on two areas of the 
piston. The piston itself acts as controller of the pressure in these two areas 
directly or indirectly by a valve mechanism. 
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Figure 2.2.  Schematic of a drill.[7] 

As illustrated above in figure 2.2 the working fluid acts on area ‘a’ and area 
‘b’ of the piston and the difference in pressure acting on these areas causes 
upward and downward motion of the piston. The valves are controlled by 
the piston regulating the inflow and outflow of the working fluid to 
respective areas and thus causing the difference in pressure in the 
respective areas and thus the reciprocating action. The region above the ‘a’ 
is sometimes called upper chamber and the one below ’b’ is sometimes 
called the lower chamber. This terminology is followed throughout this 
work. 
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In a typical percussion cycle the Hammer (Piston) hits the shank of the drill 
steel and depending upon the impedance between them it bounces off the 
piston surface with a certain velocity and the pressure at the area b should 
be larger at this time as the piston opens the inlet valve and causes the 
working Fluid to fill the chamber below (Lower Chamber) and this causes 
the piston to travel upwards where now the outlet from the area b is opened 
and the inlet to area a is opened this causes the chamber above area a 
(Upper Chamber) to fill up while the piston continues to move in the same 
direction thus compressing the fluid above the area a and finally the 
chamber below area b empties to the extent that the pressure build up at the 
area a causes the piston to move back towards the shank of the drill steal 
and causes the impact. 

Now we consider what happens when the piston impacts the drill steel. 

A compressive stress wave is produced which travels along the drill steel 
towards the drill bit and to the Carbide button in contact with the rock. The 
stress wave can be explained as the dynamic force between the drill bit and 
the rock. If it is large enough the cracking and breaking of the rock surfaces 
are caused and debris are formed. 

Feed: We have seen that the compressive wave is transferred to the rock, 
depending on the nature of rock a compressive or Tensile wave (Soft rock 
may reflect Tensile wave.) may be reflected back to the drill steal and also 
the recoil action of the bit as well is acting against the drilling direction to 
overcome these forces (and in general any force acting against the drilling 
direction like normal forces when the piston is accelerating etc.), a feed 
force greater than their combined effect must be given in the direction of 
the drilling. The feed force also keeps the drill bit in contact with the rock 
thus enabling the drilling action and also to move the drill steel in the 
direction of the drilling. 

Rotation: Rotation is provided to the drill steel to expose the drill bit with 
new rock      surfaces before the next impact. The rotation does not directly 
influence the breaking of the rock and the drilling action but it has a major 
role in the wear and tear associated with the Bit. 

Furthermore, with increasing feed force an increasing torque is required to 
rotate the     drill steel. As more and more drill tubes are added the 
rotational torque is also required for keeping the drills tubes screwed tight. 
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Flushing: Debris are produced when the drill bit penetrates the rock 
surface. The debris should be flushed or removed out of the hole and to do 
this high pressure fluid 

(Working fluid) is passed through the flushing holes on the bit and 
transported through the hole or through exhaust vents to the outside of the 
hole where it is collected in a dust collector. 
 

2.1.1 DTH Drilling 

Down the hole drilling (DTH) is a percussive drilling mechanism where 
there is no drill steel between the hammer and the drill bit. The drill bit & 
Hammer is mounted in a cylinder and the pushed down the hole, where the 
percussion mechanism happens. The feed force and the rotation are 
provided by the drill tubes screwed on to the cylinder. 

The advantages of this type of drilling is that the stress waves does not need 
to travel a long distance and attenuate before it reaches the drill bit Thus, 
enabling higher efficiency in the drilling and makes it possible to drill 
deeper holes; approx. 3000-5000 meters deep. The rotation of the drill bit is 
provided via splines that transfer torque to the chuck that is connected to 
the cylinder. 
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Figure 2.3. Working DTH drill. 

 

Figure 2.4. The Mechanism that transfers rotation to the drill bit. 

 

This Thesis mainly concerns with DTH drilling 

Apart from DTH drilling there are 2 more main types of percussive drilling 
mechanisms they are described below. 
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2.1.2 Tophammer Drilling 

In this method the drill bit and the hammer is separated by the drill steel which are 
steel rods or tubes screwed on to each other. The percussion and the rotation are 
provided outside the hole. The stress waves have to propagate via the drill steel 
and the threads introducing dissipation before they reaches the drill bit. This limits 
the drilling depth the Tophammer Drilling can be applied to. 

 

Figure 2.5. principle  of Top Hammer Drills 

 

2.1.3 Coprod Drilling 

In Coprod Drilling the rotation and the Impact are not provided by the same tube. 
The drill steel is attached to a pipe that transfers rotation. Thus, the impact induced 
waves does not pass through threads that introduce losses before they reaches the 
drill bit. As the rotation is transferred through a more rigid mechanism as 
compared to the top hammer the hole deviation is minimal. 
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Figure 2.6. Principle of Coprod drills 

 

A general illustration of the Drilling mechanism is presented in Figure 2.7: 
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Figure 2.7.  Drill Rig Schematic 

 

2.2 The monitoring System EDGE 

The drilling is basically a driller dependent process. The experienced driller 
is able to understand what is GOOD and BAD drilling and to make 
adequate changes in the drilling settings to keep the drilling GOOD. The 
time required to acquire this experience can be substantial. Thus, 
inexperienced drillers have to spend a considerable time drilling before they 
can drill efficiently. However, even the experienced drillers cannot adjust 
the drilling settings to maintain GOOD drilling over abrupt changes in the 
rock formations. 

Depending upon the type of rock the drilling is carried out in the 
penetration of the drill bit also varies; changing protrusion of the drill bit 
change the distance the piston (hammer) needs to travel before it hits the 
shank of the drill steel again and thus effecting the percussion frequency. 
For instance, in soft rock formation the bit penetrates more and this cause a 
long lower chamber length in the drill. This, in turn increase the stroke for 
the piston resulting in a lower percussion frequency. 
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A too low Weight on bit or feed force causes the drill bit to bounce around 
and thus less impact energy is transmitted to the rock. 

In order to reduce the learning time for new drillers and to provide aid to 
the experienced drillers regarding the subtle fluctuations in the performance 
of drilling Atlas Copco along with SECOND SQUARE has produced the 
monitoring system EDGE. 

The EDGE system uses sensors measuring the vibrations of the rock drill at 
the top of the rotation unit over the drill string and displays vibration 
information e.g. related to the impact of the piston and the bit. 

Even though it is possible to have sensors at a position on the drill adjacent 
to the impact it is very costly and may not be reliable because of the harsh 
environment. 

It is considered to be important to determine from e.g. vibration spectra, the 
frequencies that are related to the impact and which reacts to the system 
parameters like R.P.M, Impact Frequency, working fluid pressure, Feed 
force, Feed Rate etc. 

From experimenting and field testing the impact or percussion related 
frequencies were identified as the Impact frequency and its 2 Harmonics. 

The Edge system measures vibration on the rock drill and displays in real 
time the Frequency domain values of the vibration at e.g. the impact 
frequency and its 2 harmonics. 

The driller may, based on the information provided on the Edge display 
react and adjust the drilling process in a suitable way. 

The reason for using this type of information is that the percussion 
frequency and its first few harmonics are easily picked up by a sensor 
attached to the rock drill as compared to any other frequencies that may be 
having information about the percussion. The common variables displayed 
are Frequency, Fundamental Frequency and its first 2 Harmonics. 
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Figure 2.8. Edge Output screen 

 

 

Figure 2.9. Edge Vibratiom monitering system, Structural Vibration 
Monitor  Type PCH1026 Mk2 – 12 Band SECOND SQUARE AB - CHF 

8944 (Frequency monitoring on a DTH Hammer) Hardware variant CHH 
4881 
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Figure 2.10. Positioning of accelerometer on the Drilling Rig. 

 

The system has an anti-aliasing filter. It produce FFT of 0.1 seconds segments of 
the measured vibration signal and presents the magnitude of the Fourier 
transformed signal segments. 
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3  PROBLEM DESCRIPTION 

Today the monitoring system EDGE is able to show relative variation in 
magnitudes of the Percussion frequency and its harmonics. 

The relation between the information on the display and the state of the 
drilling cycle or actual physics of drilling is actually unknown. 

What information is provided by the Fundamental frequency and its 
harmonics concerning the state of the drilling cycle and why does the 
amplitude of the different harmonics increase under various conditions? 
What are the physical implications of that? 

Basically, what relevant information is provided by the magnitude of the 
Fourier transformed vibration signal segments concerning the state of the 
drilling cycle and what properties of such information are related to what 
state of the drilling cycle, etc. 

 

The answers to such questions, etc. are fundamental to enable 
improvements of the present EDGE system. 

3.1  Good or Bad Drilling 

It is extremely important to understand what is a good drilling and what is a 
bad drilling. Unfortunately, there exists no absolute consensus regarding 
this question. It remains largely an unanswered and there exists several 
views about this subject. 

In USA and other countries where the rotary drilling concepts are prevalent 
a drilling system where the drilling rate is fixed, i.e. drilling a specific 
distance in specific amount of time. This drilling system is termed as Time 
drilling. One consequence of such a drilling method is that the Feed or the 
weight on the bit will be lower and thus the bit will bounce around.  

In Europe and Sweden the concept of drilling is ‘Drill as fast as possible 
without damaging the bit’. This causes higher weight on bit being used. 



 19 

In the Time drilling method the drilling rate is low and less energy of 
Impact is transferred to the Rock. While the later method causes excessive 
WOB and thus more wear on the Drill bit, and consequently failures are 
more frequent. 

Good drilling may be define the as a condition where the Piston transfers 
the majority of its kinetic energy into the Rock or as a condition where 
minimal Energy is used by the system to form chips or debris of rock and 
not rock powder. If rock powder is formed a substantial part Energy used 
by the rock drill will be lost in compressing the powdered rock. 

The purpose of using a monitoring system such as EDGE and the 
information provided by it is to assist the driller in carrying out good 
drilling. Without knowing the physical implications of the Displayed 
information on the EDGE it is basically not possible to predict and optimize 
the drilling stat effectively. 
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4  Literature Review 

 

As the part of literature review attempt was made to study similar works 
done on percussion drilling. The EDGE type of system was found to be 
unique and it seems like not much work has been done previously in the 
same direction. 

 

Extended Kalman Filters for performance and angular velocity estimation 
have been used. Work of Amirali Soroush [5] concerning the Estimation of 
bit plane kinematics using Extended Kalman Filters were studied where 
Rotary and DTH drilling systems were explored and he states that one 
significant advantage of Kalman filters is that it is compatible with non-
stationary Stochastic processes [5]. His work aims to find methods to 
ascertain the severity of torsional vibration and detection of backward 
rotation in the drilling systems he studied. 

 
G. Mensa-Wilmot et al [6] in their paper - :”Performance drilling – 
definition, benchmarking, performance qualifiers, efficiency and value”, 
explores the usage of the mechanical specific energy (MSE) for measuring 
the drilling efficiency. MSE is defined as the energy input per unit rock 
volume drilled. The drilling in this work is treated as the combination of 2 
events; rock dislocation and removal of failed rock. They calculate MSE 
according to: 

Where AB = area of drill bit. 

 

However this method only focuses on the mechanical aspect of the drilling 
efficiency and the author states that although the MSE should be low for 
good drilling efficiency this is not always the case. 

 

For known and predictable conditions, there exists models that concerns the 
control of 
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WOB (Weight on Bit), RPM and percussion frequency for the best (Cost 
effective) ROP (Rate of penetration)  

 

The main problem related to such works are that the parameters of their 
models change for different drilling conditions and regions, and an 
adequate number of experiments are needed to fix these parameters for 
each condition. 

 

A real time measurement of different parameters and optimizing the entire 
drilling process in is still in a conceptual stage. 

The propagation of stress waves through elastic regions like the drill string 
has been studied [7, 8]. Also the damping effect and the reflection of stress 
waves at every area change of the medium of propagation or structure have 
been studied [8, 9, and 11]. 

 

In general it can be concluded that the joints of the drill string can reflect 
and damp stress waves. Thus, with an increasing number of drill string 
tubes in the drill string the attenuation of stress waves increase and 
eventually the stress waves are undetectable on the rock drill at the top in 
the case of DTH drilling. 

 

The effects of stress waves reflected at sudden area changes such as in 
joints have been extensively studied and the work of Gunnar Wjik [7] at 
Atlas Copco on Percussive drilling explains this in detail. 

Wave Propagation in solids by J.D.Achenbach [8] addresses propagation of 
stress waves and its reflection or dispersion. The method of calculating 
Energy and Power related to these waves are also explored in detail. 
Methods suitable for analyzing vibration data are e.g. given in Noise and 
Vibration analysis by Anders Brandt [12]. 
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5  Methods for frequency domain 
analysis of signals 

Analysis of measured signals in the frequency domain may for instance be 
carried out via Power Spectrum (PS) estimates and/or Power Spectral 
Density (PSD) estimates, depending on the signals’ properties, i.e random 
or/and periodic [1, 2]. Generally measurements of physical quantities such 
as vibration are carried out over a finite time period that may not include 
the total time duration of the vibration. 

Assume that x (t) is the vibration with time duration T D Further, assume 
that these vibration have been measured during the measurement time T M , 
T M << T D , we have that the measured vibration xm (t ) may be written: 

 

xm (t )=x (t ) w (t ) --------------------------------------------------------------- (5.1) 

Where w (t) is a rectangular window, given by: 

w (t )={1,0 t<T M

0,otherwise} -------------------------------------------------------- (5.2) 

Assuming that x (t) is composed of periodic components; the single sided power 

spectrum of the measured signal xm (t ) might be suitable for analyzing its spectral 
properties and It provides 2 times the squared magnitude of the signal’s 
Fourier series coefficients multiplied at their frequencies. 
The single sided power spectrum of a periodic signal xm (t ) may be produced in 
terms of the continuous time Fourier transforms as: 

P ps ( f )=2
X m ( f )

0

T

w (t ) dt

2

, 0< f

----------------------------------------------- (5.3) 
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Where X m( f ) if the Fourier transform of the periodic signal xm (t ) ,  given by: 

X m( f )= x (t ) w (t ) e j2 ft

------------------------------------------------- (5.4) 

If random signals are considered and in particular weakly stationary 
random signals their spectral properties are generally studied with the aid of 
the Power Spectral density (PSD)[3]. The PSD of a weakly stationary 
random signal ( ) is defined as the Fourier transform of the 
autocorrelation function;  

 

Rxx ( )=E [ x (t+  ) x (t)] . ---------------------------------------------------- (5.5) 

 

The power spectral density of a random signal ( ) is given by the 
continuous time Fourier transform of its autocorrelation function , 
according to [3]; 

 

S xx ( f )= Rxx ( )e j2 f d
------------------------------------------------- (5.6) 

 

In the case of a measured signal xm (t ) ,  where x (t) is weakly ergodic,  an 
estimate of the autocorrelation function may be calculated according to: 

   

Rxx ( )= 1
T 0

T

xm(t+ ) xm(t ) dt= 1
T 0

T

w (t+ ) x (t+ ) w (t ) x (t ) dt , <T
-                               

-                                                                                                                 (5.7)  

 

Thus, an estimate of the power spectral density may be produced as 
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S xx ( f )= 1
T 0

T

w (t ) x (t )e j2 ft dt
2

------------------------------------------ (5.8) 

 

This power spectral density estimate, however, is not a consistent estimate of the 
actual power spectral density Sxx ( f ) [3]. This issue may theoretically be handled 
using the expectation operator E[ ] and practically by utilizing time averaging [3]. 

Now a sampled version, x (n), of the vibration x (t ) with time duration T D  is 

considered. Here n is discrete time, F S  is the sampling frequency, T S=1/F S is 

the sampling time interval. Assume that the measurement time T M=MT S is 

selected shorter as compared to the time duration T D=N D T S of the vibration, 
T M << T D , we have that the measured sampled vibration xm (n) may be 

written: 

 

xm (n)=x (n) w( n) ------------------------------------------------------------- (5.9) 

 

Where w (n ) is the discrete time rectangular window, defined as: 

 

w (n)={ 1,0 n<N
0, otherwise} ------------------------------------------------------ (5.10) 

The discrete Fourier transform of the measured sampled vibration xm (n) is 
produced as; 

 

X m(k )=
n=0

N 1

x (n )w (n )e
j2 k

N n

------------------------------------------- (5.11) 
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To investigate spectral properties of tonal components of a signal using power 
spectrum estimate the Welch’s spectrum estimator is generally used [4]. 

 

The Welch’s spectrum estimate is basically obtained by averaging a number of 
periodograms. Each periodogram is based on a segment of a time sequence x (n), 
each segment consisting of N samples. Thus the original time sequence of samples 
must be divided into segments as: 

 

xl(n) = x(n+lD) ,n = 0 , 1 , …, N 1 and l = 0 , 1 , …, L 1 -------------- (5.12) 

 

where lD is the starting point for each periodogram and D is the overlapping 
increment. If D=N there is no overlap, and if D=N/2 there is a 50% overlap 
between the consecutive time sequences xl(n ) and xl+1 (n ). Dividing the original 
time sequence into data segments is equivalent to multiplying the time series by a 
window. Hence, each periodogram is based 

on a windowed sequence w(n) xl(n ) where n = 0 , 1 , . .. , N 1 .The single sided 
power spectrum estimate is given by [2, 4]: 

PS xx(k )= 2

L(n=0

N 1

w(n))
2

l=0

L 1

n=0

N 1

xl (n )w (n )e j2 kn/ N
2

,0<k< N /2 1

                    
-                                                                                            -------------- (5.13) 

Where L is the number of periodograms and N is the length of the periodogram. 

The power spectral density for a sampled random signal x (n) is generally 
estimated with the aid of the Welch’s spectrum estimator [2, 4]. The Welch’s 
single-sided power spectral density estimator is given by [4]: 
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PSDxx(k )= 2

F s L
n=0

N 1

(w(n))2 l=0

L 1

n=0

N 1

xl (n )w (n) e j2 kn/ N
2

,0<k< N /2 1

    
-                                                                                              ------------ (5.14) 

 

Where Fs is the sampling frequency. 

 

5.1  Time frequency Analysis  

Time frequency analysis (TFA) of signals concerns signal processing methods that 
provide information concerning signals both in the time and in the frequency 
domain simultaneously. A common time frequency analysis method is the 
continuous time short-time Fourier transform (STFT) given by:  

 

X ( f , )= x (t ) w (t ) e j2 ft dt
-------------------------------------- (5.15) 

 

Where w (t  ) is an adequate window function. 

The discrete time STFT of a sampled signal x (n) may be produced as: 

 

X (k , lD)=
n=0

M 1

x ( n) w ( n lD) e
j2 k

N (n lD)

---------------------------- (5.16) 

 

Where l, D may be defined in accordance the Welch’s spectrum estimator, M is 
the length of the time series. Here w(n) is a discrete time window suitable for the 
particular analysis, defined as : 
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w (n)={w(n) ,0 n<N
0,otherwise }

-------------------------------------------------- (5.17) 

 

The discrete time short-time power spectral density estimate may now be 
produced as: 

PSDxx (k , lD )= 2

F s
n=0

N 1

(w (n) )2 n=0

M 1

x (n) w (n lD) e
j2 k

N (n lD )
2

,0 k< N /2 1

    

                                                                                                          ---- (5.18) 
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6  DRILLING Signal Analysis Using 
EDGE 

 

The EDGE system converts the measured time domain signals into the Frequency 
domain using FFT and filtering. One time record of vibration data measured with 
a Tri axial accelerometer on a rock drill was provided by SECOND SQUARE. 

6.1   Previous Analysis and Conclusions 

Previous Analysis done on EDGE was provided by SECOND SQUARE. The tests 
were conducted at Orebro, Sweden and Roanoke USA. 

 

The Test Methodology used: (Information provided by SECOND SQUARE.) 

• Increase Weight on Bit (WOB) until best Rate of Penetration (ROP) is achieved. 

• When WOB at which best ROP occurs, vary RPM of the drill. 

• Plot and compare parameters: Feed Force, A1, A2, A3, RPM, ROP, and WOB.  

Where A1 is the magnitude of vibration spectrum at impact frequency, A2 
magnitude of vibration spectrum at the first harmonic of the impact frequency, A3 
magnitude of vibration spectrum at the second harmonic of the impact frequency, 

 

    Conclusions (BY SECOND SQUARE): 

• The optimal ROP was obtained with vibration spectrum magnitudes A1=A2 and 
A3=0. 

• It was theorized that in Ideal drilling no Harmonics should be present in 
measured vibration.  

• The A2 spectrum peak is the result of piston hit + recoil. 
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• Too much WOB restricts hammer stroke causing lower A1 magnitude. 

• Too much WOB restricts the hammer stroke and this requires stronger piston 
strokes to compensate for decreased A1 magnitude. Less energy is transferred 
from the hammer as a result. 

• Too much WOB results in higher torque readings for the drill string. 

Data from drilling on Rubber plugs: 

The data obtained from rubber plugs being drilled shows LOW A1. And high A3 
amplitudes. 

Reasoning: A2 and A3 are somehow related to the bouncing around of the bit as in 
the rubber plug the drill was bouncing around and not penetrating. 

Chipped glass or gravel was added to cut the rubber through. Then A1 amplitude 
started to increase  again. 

A report was provided concerning the drilling on rubber plug. In this vibration 
spectrum there is A1 present but with lower magnitude as compared to A3 but no 
A2 is visible.  

 

 

Figure 6.1. Drilling on Rubber plug(Provided by Abram Lance), Magnitude 
of FFT of signa Vs Frequency 
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6.2 Discussions and signal analysis on data 
provided by Second Square 

 

The provided information provided by SECOND SQUARE was the only 
information available on the work done using the EDGE system in rock drilling. It 
was obvious that a number of theories needs to be proven. 

As a result TIME domain rock drill vibration signals have to be acquired for 
different drilling scenarios and analyzed extensively to form a foundation in order 
to understand different signal features relation to the drilling process. 

One time domain signal record collected previously using the EDGE system 
monitoring a rock drill during a drilling session was provided and one field session 
was carried out where vibration data was collected using a higher sampling rate 
44.1kHz. 

 

6.2.1 Discussions with SECOND SQUARE technologies led to 

the following conclusions 

General Information: 

1) Raw time data available is very limited. 

2) The sampling rate of EDGE is generally 512 Hz. 

3) The magnitude of FFT carried out over every 1 second Data is displayed. 

4) A low pass filter that filters all beyond 256 Hz for anti-aliasing. 

The first 3 harmonics are multiples of the impact frequencies. The time data from 
the tri-axial accelerometer used for measurements in the EDGE system are shown 
in Fig.12 for the drill string direction. 
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Figure 6.2.  Accelerometer signal measured on rock drill during drilling, 
provided by second square 
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Figure 6.3.  FFT  of the EDGE data for complete drilling session in Linear 
scale 

 

In figure 6.3 the magnitude of FFT of a time signal measured for a complete 
drilling session is shown. As per SECOND SQUARE when the magnitude of A1 
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(Peek at the impact Frequency) is higher as compared to its harmonics the drilling 
is considered good. The impact frequency of the drilling machine used in this 
session was 32 Hz. 

In the USA good drilling is considered in terms of a particular rate of penetration, 
e.g. 1 meter penetration per minute, and they tend to use low weight on bit while 
drilling. In Sweden, on the other hand, high weight on bit is considered as good 
drilling where the emphasis is on higher rate of penetration. In both these cases the 
EDGE system displayed the magnitude of the FFT of the vibration signal with an 
A1 magnitude lower as compared to its two higher harmonics. 

 

The experienced drillers relate drilling cases when the magnitudes of both A2 and 
A3 are higher as compared to the magnitude of A1 with: 

1) Powdered rock blocks or clogging of the bit movement, 

2) Low WOB, 

3) High WOB, 

4) Lower than required R.P.M of the Drill. 

Increasing WOB beyond a limit will decrease the A1 and increase A3/A2. 

 

6.2.2 Discussions with MAHDI SAADATI at KTH/Atlas Copco.\ 

One hypothesis is that the differences in opinion concerning how the signature of 
the 

EDGE FFT of the vibration signals looks like for GOOD drilling in USA and in 
Sweden are probably related to the Rocks in the different areas. Thus, in depth 
knowledge is required concerning how different types of rocks affect the drilling 
process, how they behave depending on different types of loadings and what stress 
waves do they excite etc.  

A meeting was set up at KTH with Mr. Mahdi Saadati who is carrying out his 
Industrial PhD. studies at KTH in collaboration with Atlas Copco. 
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Figure 6.4. Cracks in Rock while drilling 

 

Initially when the stress wave has been produced during a piston impact it reaches 
the Rock via the drill bit; compressive stress waves are reflected from the rock 
back to the drill bit. [7] 

The rock beneath the indenter experiences confining pressure during the 
indentation process and becomes stronger by increasing this pressure until 
reaching the final failure. 

Crushing the rock and having larger radial cracks in the rock do not essentially 
mean better drilling because the energy is expended in the crack growth and not in 
the chipping. 

The chipping is primarily caused by side cracks or surface cracks, shown in 
Figure.6.4. When cracks from two inserts meet they causes chipping. 

At lower drilling R.P.M. when limited chipping occur the insert will 
approximately hit the rock at the same place again and again and cause powdering 
of the rock consuming energy rather than facilitating the chipping of the rock. 

The creation of the chips mainly occurs when the inserts are pushed out during the 
unloading rather than when the inserts moves forward into it. Because of the 
reversing of the bit the entire surface area of the inserts may not necessarily be in 
contact with the rock surface at the time of the next hit. This might cause tensile 
waves to propagate or reflect from the free bit surface. As the drill bit and the drill 
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steel are in contact through the guide splines, there is frictional contact in axial 
direction (i.e. the direction of travel of the stress waves) whose magnitude depends 
on the torque developed when the drill bit is rotated. This might be a way for 
produced stress waves to propagate to the drill string. The waves may also be 
transferred via the air chambers. 

Porous rocks may absorb more wave energy due to crushing and thus cause lower 
reflections. In this case the recoil of the piston is also considerably lower. 

If the stress waves or vibrations are transferred via the frictional contact between 
the splines on the bit and casing, it can be verified by experimenting with low or 
no RPM as the Torque is necessary to provide the normal reaction between the 
drill and rock surfaces for the frictional force in axial direction to act. 

The recoil effects of the drill string may also be considered and be verified by 
using strain gauges. 

6.2.3 Accelerometer Signals collected from a drilling session by 
Second Square: 

 

Figure 6.5.  Accelerometer Signal measured on a rock drill while drilling, 
Provided by Second Square 
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Figure 6.6.  power spectral density estimate of the vibration data from field 
session 

 

In a field session vibration data where measured using a accelerometer attached on 
a rock drill. The data acquisition was carried out using a substantially higher 
sampling rate (44.1 kHz) as compared to the one used in the 

EDGE system (512 Hz). 

The main aim was to investigate the magnitude of power spectral density 
estimates of the vibration record at impact frequency and its higher harmonics 
with the aid of PSD analysis. For instance, to investigate if any harmonics higher 
than the A3 are present and if so for which drilling conditions are they distinct etc. 
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Figure 6.7.  Accelerometer Signal measured on a rock drill while drilling, 
Provided by Second Square 

 

 

Figure 6.8.  power spectral density estimate of the vibration data from field 
session 

 

A drilling session generally starts using one drill string tube and when the string is 
completely drilled into the ground the drilling is stopped and the rotation head is 
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pulled up. At this point, if necessary, a second drill string tube is connected to the 
first drill string and the rotation head is connected to the drill string and the 
drilling continuous. The procedure of adding drill string tubes to the drill string 
continuous till the desired drilling depth is reached. Figures 6.5-6.8 shows power 
spectral densities of drilling vibration for a drilling session where the number of 
drill string tubes in the drill string was successively increased until the desired 
depth was reached. 

From the power spectral densities of drilling vibration in these figures it can be 
observed that there exists peaks of harmonics to the impact frequency A1 other 
than its two harmonics A2 and A3.  

 

So the results for individual rods have to be analysed as well as a PSD for the 
entire drilling session consisting many individual drill tubes will miss the 
variations in the drilling conditions that may have occurred during the drilling of 
individual rods.  

 

However the FFT and P.S.D of the vibration signal for the drilling duration of 
individual drill RODS have the following results as shown in figures 6.9-6.11. 
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Figure 6.9.  FFT of the Vibration data of the drilling of a single ROD 
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Figure 6.10.  PSD of the Vibration data of the drilling of a single ROD 

 

As can be seen from the figures 6.9-6.10 there are more harmonics of the impact 
frequency than first 3 harmonics of the impact frequency present in the signal and 
the magnitude of the third harmonic of the impact frequency is some time as big as 
the second or even the first.  

 

Figure 6.11.  PSD of the Vibration data of the drilling of a single ROD 
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In the figure 6,11 the amplitude of the A4 (The third harmonic of the impact 
frequency A1.) in the PSD estimate is higher than the A2 and A3 amplitudes, also 
a Prominent A5 peak is observable. The magnitude of the A4 peak is close to the 
level of the A1 peak as seen in figure 6.11. The drilling of this rod was still rated 
good. 

Observe that the higher harmonics like A4, A5 are not the EDGE system. Thus, 
what information is provided, thus their variation and it implications are left 
unaccounted for. 

6.3 The conclusion from preliminary analysis  

 More rock drilling vibration data are required to enable the identification 
of robust and reliable features that relates to different drilling conditions. 

 To verify the relations of different drilling parameters with the 
information provided by the magnitude of the FFT of vibration data 
displayed on the EDGE system more experiments are required. 

 We should determine the effect of the stress waves propagating through 
the drill string from the percussion, on the EDGE system. 

 The claim by Second Square that no peak in the magnitude of the FFT at 
the impact frequency is observable while drilling on the rubber plug must 
be verified. 

 Currently, it is not possible to explain if any of the harmonics of the 
impact frequency in that appear in rock drill vibration data independently 
represent any events in the drilling process. 

 The origin of the fourth and higher harmonics of the impact frequency in 
rock drill vibration data should be investigated. 
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7 EXPERIMENT 

(subsections 10.2-10.8 Contains Excerpts taken from Document no: 
TD2013-0711, issued by Martin J Persson, Technical Support d) Measuring 
Technique Lab. 2013-06-27 as a part of the present thesis work.) 

7.1  Background 

The preliminary investigation showed that there exists higher harmonics of 
the impact frequency in the PSD of the drilling vibration signal, as distinct 
as the first two harmonics.  

To acquire knowledge concerning information provided by vibration 
measured on a rock drill on the state of the drilling cycle it urges to record 
Rate of Penetrations, FEED (Ff) and HOLDBACK (Fh) forces, RPM etc. 
simultaneously with measured rock drill vibration.  

 During the experiment conducted as a part of this thesis, the Shock waves 
were measured using strain gauge setups designed to measure the axial the 
torsional waves in the drill string respectively. 

The hydraulic pressure to the FEDD and HOLDACK cylinders were also 
measured along with the pressure supply to the Rotation unit and IMPACT 
line pressure. 

Time mapping of acceleration signals from the accelerometer positioned 
near the rotation head, measuring the vibrations of the drill string 
simultaneously with various line pressure signals such as the feed pressure 
signal from the drill rig, along with controlled changes in the WOB, 
measured during good and bad drilling phases were considered to be of 
main interest. The experiment was aimed to increase the understanding of 
the information the EDGE FFT provide for changes in different drilling 
parameters and changes in the drilling cycle. 

. 
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7.2 Methodology Material and methods 

This section consists of the description of quantities measured, 
equipment and the variable names in the MATLAB codes. Variable 
names are given within brackets, as [xx]. 

7.2.1 Measured Quantities 

Measurements were carried out of different quantities including various 
Line Pressures in the drill Rig, Drill Position, Acceleration ( messured by 
accelerometers at positioned at the rotation head.), Shock Waves coming 
through the drill string, RPM of the drill and drill string. 

 

7.2.2 Measurement Equipment 

 

Pressures 

 

 The measurement equipment included pressure transducers for: 

 Impact pressure [Pimp] --- The pressure the air is supplied through 
the drill Pipe. 

 Feed pressure cylinder (HOLDBACK) [Pfeedc] 

 Feed pressure piston (FEED) [Pfeedp] 

 Rotation pressure [Prot] --- Pressure in the hydraulic line that 
controls rotation of the hydraulic motor. 

Drill Position 

The measurement equipment included position sensor for: 

• Drill position (to be derivated to obtain drill rate) [Pdrate] 



 42 

 

Shock Wave 

The measurement equipment included drill pipe equipped with strain 
gauges for: 

 Axial shock wave measurement [Awave] 

 Torsional shock wave measurement [Twave] 

Two different setups were used for Axial and Torsional measurement so 
that they do not influence each other. 

Acceleration 

The measurement equipment includes accelerometers for vibration 
measurement positioned on the rotation unit. 

 

 3-axis accelerometer [AccX, AccY, AccZ] 

 Accelerometer of Edge type [AccEdge] – logging of this signal did 
not work. 

Other Sensors 

The measurement equipment also included: 

 Inductive RPM gauge (used the one already mounted on the rig) 
[RPM] 

 Microphone [Mic] 

Software 

The following software were used for configuration and logging: 

 MAX-Logger 
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7.3 Channel Plan, Transducer and Scaling details 

Channel plan according to Table 1. (This data is useful for the analysis 
of the signal with the data stored in the MATLAB files for future use.) 

 

Table 7.1.  List of Transducers and Scaling Factors. 

 

7.4 Test Cases 

There were 2 test cases: 

1. With strain gauges on for the measurement of Stress waves -
sampling frequency of 1 MHz. (Prov-003 – Prov-004). Measured 
for 2 seconds 

2. Without strain gauges using a sampling frequency of 20 KHz. 
(Prov-005 – Prov-014). Measured for 120-180 seconds.  
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Figure 7.1.  The 16 samples or instances  of signals collected during the 
experiment with time stamping. 

 

7.5 Setup 

The pressure transducers and Ldrate were connected via Bantam cables (3-
10 m) to the 4-20 mA multi cable. The 250 ohm side was connected to the 
NI connection box with 1 m BNC cables. 

 

The RPM signal was taken from the connector on the RPM Pulse convertor 
and connected to 

NI connection box via 25 m BNC cable. 
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Figure 7.2.  Accelerometer positioned on top of rotation unit, impact 
and rotation feed line pressure transducers. 

 

Figure 7.2 shows the rotation unit where Prot and Pimp were connected and 
all accelerometers where mounted. Acc is the 3-axis accelerometer. 
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Figure 7.3.  Drill rate meassuring gauge and pressure tansducers for 
messuning the Feed and Holdback line pressure. 

 

Feeding pressures (names as data is logged) and Ldrate. 

 

Figure 7.4.  Misceleneous devices. 
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Figure 7.4 shows microphone positioned 1 m from drill pipe (left). The 
RPM Pulse convertor from which the RPM signal was taken (the inductive 
gauge was mounted on the rotation unit) and the EDGE system. 

7.6  Outcome and problems 

It was noted during the calibration and shunting of the adapter pipe that the 
axial wave signal drifted due to temperature change from sun and the 
compressed air to the drill bit (around 

100 C). During drilling the pipe is gets heated by the high pressure hot air 
in the line.  

The strain gauge bridges for measurements of axial waves are usually 
designed to have low sensitivity to bending waves, but not for temperature 
changes since the temperature usually can be considered constant. 

An error at a nearby transformation station resulted in a power failure. 
When the PXIe 

System lost power the MAX-Logger lost the contact and the collected data 
in the ongoing test were lost. The startup time of the measurement 
computer is rather long, and since it needs to be restarted after the PXIe 
system is started, the power cut also resulted in a time delay. 

During the power failure the drill rig was used as power source. 

The rock sort that the drilling tests were carried out on was sandstone and 
when the drilling where erratic the measured data were not recorded. To 
enable comparisons with the information displayed on the EDGE system 
for the vibration it measured on the rock drill during the tests, the 
information on the EDGE Display was recorded with time stamping using a 
video camera. 

7.7 Personals 

Mainly the following persons were involved in the tests: 

 Patrik Wahlström, Secoroc 
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 Martin Persson, measurement technique 

 Renny Rantakokko, measurement technique 

 Gunnar, operator 

 Tim Peco, SECOND SQUARE Technology 

 Rammohan Kodakadath Premachandran, Thesis Student Secoroc. 

 

 

 

 

 

 

 

 

 

 

 

 



 49 

8 ANALYSIS OF EXPERIMENT 
DATA 

8.1 Aim and Method 

The main aim of the Analysis of data collected during the experiment is to 
recognize patterns that occur regularly during good and bad drilling in 
order to relate them to e.g pattern observable in the FFT of the vibration 
signals produced by EDGE system. Comparisons, may e.g. be relevant with 
the measured signals like Pfeedc and Pfeedp pressure signals or/and 
IMPACT air Pressure signal to determine their role in the entire scenario. 

Time mapping of the recorded signals in time domain for different drilling 
conditions have been carried out. 

Analysis of stress waves measured on the drill string and their correlation to 
pattern observable in the magnitude of the FFT of the vibration signals 
produced by EDGE system are also considered. 

An attempt have been made to indicate different events of the drilling cycle 
in the measured signals to facilitate the understanding of their relations to 
the drilling cycles. 

 

In the experiments the weight on bit is varied from low to high. 

The Weight on bit W.O.B is the difference between the Ff (Feed Force) and 
Fh (Holdback Force).  

 

The two drilling classification according to SECOND SQUARE are: 

1. GOOD DRILLING: When the vibration spectrum at impact frequency 
A1 has a peak that is higher than its harmonics A2 and A3 (or all or any 
higher harmonics). 

2. BAD DRILLING: When the vibration spectrum at impact frequency A1 
has a peak lower than its harmonics A2 and A3 (or all or any higher 
harmonics). 
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This classification is based on the assumption that according to the EDGE 
system user (Mainly the driller) the good drilling is when the A1 peak is 
higher than its harmonics. There are many definitions of good and bad 
drilling and this also depends on the preferences of the driller. 
The recorded signals were divided into signal segments of 0.1 s-0.2 s length 
and attempt was made to find GOOD and BAD drilling by investigating the 
FFT of vibration data generated correspondence to the EDGE monitoring 
system. This is the first step in a substantial analysis where a number of 
methods are planned to be utilized for the processing of vibration data that 
and they will differ from the EDGE routine. 
 

The data for signals analyzed are tabulated an example is given below in 
table 2 

Time -
seconds 

Feed -bar Holdback-
bar 

Difference-
bar 

Vibration 
Power spectral 
density. 

(Impact 
frequency and 
itsHarmonics in 
decreasing 
order of 
magnitude 

2.1-2.2 76 43 33 A1 and A2nd 
high ,A3 lowest 
Good drilling 

123.4-
123.5 

72 52 20 A1,A2,A3Good 
drilling 

1.9-2 76 43 33 A2 and A1 
nearly same 
magnitude ,3 

85.5-85.6 76 44 32 A1,A2,A3 
Good Drilling 

122.04-
122.14 

72 51 19 Too large A1, 
too many peeks 
in impact 
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pressure signal. 

Table 8.1.  Information recorded for analysed signal 

 

A set of such tables and related figures are documented separately. 

 

An example that is considered as good drilling is when the power spectral 
density estimate of a time segment of vibration data contain a dominating 
high A1 peak. The drilling is considered as BAD when the power spectral 
density estimate of a time segment of vibration data contain at least one of 
the higher harmonics of the impact frequency A1 with higher peek than A1. 

 

8.1.1 The Impact pressure signal  

The Impact pressure is analysed closely and various possible stages in the 
drilling cycle is marked as shown below in figure 8.1. 
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Figure 8.1.  Impact Pressure (BARS) vs Time(Seconds) 

 

From Fig. 26 It can be inferred that the upper chamber opens approximately 
at the first peek, point 3, and subsequent the line pressure drops as the 
upper chamber is being filled during a short period of time and at approx. 
point 4 the valve closes quickly. As the line is still being filled with air the 
pressure goes back to the normal again, at approx. the second peek, point 5, 
the lower chamber opens and the line pressure drops as the lower chamber 
is filled. The impact occurs just around the lowest point. 

8.1.2 The Velocity signal  

The Velocity signal has also been analysed closely and various possible 
stages in the drilling cycle are marked on the velocity signal shown in 
figure 27 below. 
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Figure 8.2.  Velocity of the drill string vs Time 

 

In Figure 8.2.  point 1 represent the sudden fall of the drill string after an 
impact as the drill bit moves into the rock and the drill string loses the 
contact with the shoulder of the drill bit. This is characterized by the near 
vertical line indicating sudden increase in velocity almost instantaneously. 
Point 2-3 on the velocity signal are related to the subsequent movement of 
the drill string downwards. 

At point 3 the drill string meets or impacts with the shoulder of the drill bit 
again. This sudden stop is marked in the Figure 8.2 by the vertical lines 3-4 
indicating a sudden stop. 

When the drill bit is rotated out of the hole the drill string moves upwards 
with very low speeds and then at 5 the piston-bit impact has occurred and 
the drill string is dropping down again. Thus step 1-5 would represent the 
drilling cycle. 
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8.1.3 The Acceleration signal  

The Acceleration signal is analysed closely and different possible stages in 
the drilling cycle are marked on the acceleration signal shown in Figure 
8.3. 

The acceleration signal is mapped with 2 main points that is consistent with 
the pressure and Velocity mappings. 

1. Downward sudden fall signified with a downward (Negative) peak  
2. Hitting the shoulder of the bit and coming to a sudden stop signified 

by an upward (Positive) peek. 

 

 
Figure 8.3.  Acceleration (m/s^2) in the drilling direction (vertical) vs Time 

(seconds) 

 

 

8.1.4 Stress Wave 

The acceleration signal and the stress wave signals were compared, 
yielding the following conclusions: 
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1. The stress wave is found to be too low to have caused any 
significant readings. 
The kinetic and potential energies of the stress wave were calculated 
(0.5*Stress*Strain*Volume) and the total energy is too low for any 
significant impact on the system. The stress is derived from the 
strain values obtained from the experiment and the volume is the 
volume of a section of drill tube with length equal to piston length 
(an approximation) 

2. The stress wave length is not consistent with the percussion it may 
rather be reflected wave from some part of the drill string inside the 
rotation unit. 

3. The lowest points and the peeks in the stress Wave signals appears 
after the corresponding peeks in the accelerometer. This is a clear 
indicator that the stress wave has not the same origin as the 
accelerometer readings as the acceleration appears before stress 
wave. 

4. The stress wave shape does not correspond to the shape obtained 
during the simulation in HOPSAN. 

5. The above results indicates that the Stress waves may be neglected 
for further analysis and that the stress waves are not the cause of the 
EDGE readings. 

 

 
Figure 8.4.  Towards left in Blue is Acceleration (m/s2) Vs time(s) graph 
and towards right is the strain gauge reading in Green strain (micro strain) 
vs Time (s). 
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The kinetic and Elastic potential energy associated with the Strain gauge 
reading is also very low 

 

Figure 8.5.  Energy (Jules) in Y axis Vs Time (s) in X axis 

8.2 Patterns 

The patterns of different quantities measured during the experiment were 
analyzed for good or bad drilling and the ones that has high consistency are 
shown in figures in this section. The complete list of patterns can be found 
in the appendix as only a few examples are shown and explained here. 

8.2.1 Patterns in ACCELERATION SIGNAL : (Acceleration vs. 
Time in Z,Y,X directions respectively) 
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Figure 8.6. Patterns in Acceleration (m/s^2) Vs Time (s) in Z(Drilling) 

Direction 

 

 
Figure 8.7.  Patterns in Acceleration(m/s^2) Vs Time (s) in Y Direction 
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Figure 8.8.  Patterns in Acceleration (m/s^2) Vs Time (s) in X Direction 

 

From the acceleration signals representing GOOD and BAD drilling in 
Figures.8.6-8.8, it may be observed that the acceleration signals 
representing good drilling compared to the acceleration signals representing 
bad drilling has less prominent peeks.  

The Bad Drilling acceleration signals have high prominent peeks in Z 
direction and the in the other two signals the peaks are not that distinct. 
However, the peeks in the acceleration signals for the X- and Y- directions 
are also significant and have a slight time delay compared to the signal for 
the Z-direction. 

 

An acceleration signal for good drilling is generally associated with low 
weight on bit and the Bad signal with high weight on bit and an exception 
to this was observable in the experimental data. 

One explanation might be that the Torsional and the Bending modes 
originating near to the rotation head is significant during the bad drilling. 
This would explain the high peek in the X- and Y- directions for the 
acceleration signals and also the delay with respect to the Z directions 
acceleration signal peeks which suggests a near to rotation head bending or 
torsion event. The torsion and bending can also cause the entire railing on 
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which the Rotational unit is mounted to vibrate in X and Y- direction (this 
might be observed in videos of drilling sessions). 

8.2.2 11.2.2 Patterns in FEED PRESSURE SIGNAL 

 
Figure 8.9.  Patterns in Feed Pressure signal (Bars) Vs Time (s) 

 

As is clearly visible from Figure 8.9 the Feed pressure signal corresponding 
to good drilling is much smoother as compared to the Feed pressure signal 
corresponding to bad drilling. Furthermore, the Feed pressure signal 
corresponding to good drilling has a sinusoidal or wave like pattern 
whereas the Feed pressure signal corresponding to bad drilling is more 
erratic in nature. 

 This may suggest that the drill string is vibrating with irregularity during 
bad drilling or random, transient vibrations and energy transfers are 
occurring to the drill string during the bad drilling. 
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8.2.3 Patterns in HOLDBACK PRESSURE SIGNAL 

 

 
Figure 8.10.  Patterns in Holdback Pressure (Bars) Vs Time (Second) 

 

As shown in Figure 8.10.the Holdback pressure signal corresponding to 
good drilling are smoother and the Holdback pressure signal corresponding 
to Bad drilling that display another pattern.  
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8.2.4 Patterns in IMPACT PRESSURE SIGNAL 

 
Figure 8.11.  Patterns in Impact Pressure (Bars) Vs Time (seconds) 

 

The analysis of the Impact pressure is challenging as the changes in the line 
pressure happens deep in the hole and there will be a delay in the measured 
pressure pulse at the Top. 

 At 28-40 bars of operational pressure and the depths of 100-300 meters the 
delay will be only around 0.001 seconds and can be neglected. But if the 
machine drills deeper say 3000 meters, then the delay can be significant 
and the quality of the pressure signal obtained at the top where the sensors 
are will be poor due to losses. Hence it is not recommended that the Impact 
pressure line signal is used independently as a measure of good or bad 
drilling. 

But it can be seen from Figure 8.11.that the Impact pressure signal for 
Good drilling has the characteristic twin peaks that relates to the upper 
chamber mechanisms. In the Impact pressure signal for Bad drilling 
however it can be observed that the signal loses the twin peaks completely. 
This is due to valve opening and closing times being erratic and as a result 
the drilling cycle is also uncharacteristic. This may suggest early opening of 
upper chamber due to erratic energy being fed into the upper chamber, and 
the drill string dropping erratically. 
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As seen from Figure 8.11. when the weight on bit is too low then the 
Pressure signals retain the twin peak but an additional bump is seen just 
after the impact this might be due to the drill bit bouncing around. Another 
characteristic of this situation is that A1 is way too high compared to rest of 
the Harmonics. 

 
Figure 8.12.  Pattern in Impact pressure when W.OB is too Low(left) and 

comparison with bad drilling case (right) 

 

In figure 8.12 (Left) shows the extra peek between the twin top peeks when 
WOB is too low. The drilling was still good but A1 (Impact frequency) was 
found to be too high as compared to A2, A3, and A4 (First, second and 
third harmonics of A1.) etc. The figure to the right is an example of bad 
drilling where the double peeks are lost. 
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8.2.5 Patterns in VELOCITY SIGNAL 

 

 

 
Figure 8.13.  Patterns in Velocity of Drill string (m/s) vs Time (seconds) 

 

From Figure 8.13. In the velocity signal we can see that the Bad drilling is 
characterized by the erratic fall of the drill string as if something is 
impeding its fall i.e. the vertical lines are not vertical any longer. 

As compared to the other variables the velocity readings were not that 
dependable due to the nature of numerical integration from which the 
Velocity signals are obtained. 

 

The noise in the measured signal is a significant factor that adds to the 
errors. 
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8.2.6 Patterns in OTHER QUANTITIES 

Not much was seen in other quantities measured. The magnitude of the 
torsional stress waves were significantly higher as compared to the axial 
waves. 

The drill rate did not show any variations correlated to the Good or Bad 
drilling. 

 

The rotational pressure signal displayed greater fluctuations with higher 
weight on bit as the torque required to get the carbide button out of the 
indentations in rock and rotating the drill string will be greater. 

 

The comparisons of the other quantities are presented in the appendix. 

 

8.3 Power Spectral Density Analysis 

Here PSDs of the acceleration signals collected for the duration of drilling 
one drill tube each is analyzed by first splitting the entire length of the 
signal from drilling one tube into smaller time frames and then showing the 
waterfall diagram of the signal. 

A spectrogram of the signal is also shown where the PSD is plotted against 
Time and Frequency. 

PSD is produced by WELCH spectrum estimate.  

The results are as follows: 

PSD of acceleration Signal collected while good drilling. The color 
represents the Magnitude of PSD in Decibel scale 



 65 

 

Figure 8.14.  PSD of meassured vibrations during good drilling session 
The colour represents the magnitude of psd in decibels 

 

Figure 8.15.  PSD of the same signal as in fig. 8.14 showing upto 7000 Hz. 
We can see that there is very little activity in 4000-6000 range in PSD 

 

PSD of acceleration Signal collected while Bad Drilling 
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Figure 8.16.  PSD of  acceleration signal collected on Bad drilling Session 

 

Figure 8.17.  PSD of acceleration signal collected on Bad drilling Session 
showing up to 7000 Hz. 
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We can see from figures 8.14-8.17 that, as compared to the good drilling 
signal the Bad drilling signal has high magnitudes of PSD at higher 
frequencies. The Reddish areas that are not a continuous band or is not 
present at all time the drilling duration are non-stationary or transient 
vibrations. 

 

Figure 8.18.  Waterfall diagram of the PSD of the meassured vibrations 
during bad drilling session. 

 



 68 

 

Figure 8.19.  Waterfall diagram of the PSD of the measured vibrations 
good drilling session. 

8.4 Conclusions from the Analysis 

1. Stress waves produced from the percussion has little to do with how 
EDGE. Abram Lance had also conducted experiments with 
accelerometers placed on the drill string directly as opposed to on 
the rotation unit  and did not see any marked increase in signal 
strength this is an indication that the stress wave does not play a big 
role. 

2. The Bending and Torsion has a big effect on the system as can be 
inferred from the acceleration plot and should be studied further. 
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3. During the good and Bad drilling the FEED and HOLDBACK 
pressure signal shows fluctuation and erratic chatter sort of 
vibrations. This along with their smooth wave like or almost 
sinusoidal form of the pressure signals in normal conditions show 
that the Drill string can be represented by a spring Damper system 
with The feed and Hold back cylinders providing the damping and 
stiffness, however their magnitude will vary with different rigs and 
the pressures used in them. 

 

Figure 8.20.  A spring damper system. 

 

The mass here represents the Drill string and the ks and Cs 
are the stiffness and damping provided by the FEED and 
HOLDBACK setup. 

4. It can be concluded that what EDGE shows is the falling of the Drill 
String and coming to a sudden stop after the contact with the 
shoulder of the drill bit. 

5. It is seen from the experiment and previous works that larger 
W.O.B cause BAD drilling or the magnitude of the FFT and PSD of 
the acceleration signals at impact frequency-A1 becomes lower than 
its Harmonics, while a low W.O.B is associated with high 
magnitude of the FFT and PSD of the acceleration signals at impact 
frequency- A1. An exception to this is not yet seen in the 
experiment signals. 

6. Hammer movement and the state of Upper chamber is very 
important and should be explored in the future. 

7. The higher harmonics become stronger when random or irregular 
energy transfer occurs to the system.  
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8. What we can conclude from the analysis of PSD estimate of the 
acceleration signals of good and bad drilling session is that when 
bad drilling occurs the higher frequencies are excited. It is true that 
the major stationary frequencies are the Impact Frequency and its 
first and the second harmonic but the higher harmonics and 
frequencies are excited as the drilling goes bad, this is seen from the 
spectrogram and the waterfall diagrams (fig 39-44). It is also clear 
that the drilling signals collected contain a lot of transient signals or 
vibrations.  

9. As the energy given back to the system will excite a continuous 
spectra not any single harmonic in particular it can be concluded 
that the assumption of any harmonic relating to any one event in 
drilling is not correct. 
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9 CONCLUSION & 
RECOMENDATIONS 

It can be concluded that what EDGE measures is the fall of the drill string 
and its sudden stop upon hitting the drill bit head, and is not the direct 
representation of the percussion. 

The existence and prominence of the higher Harmonics shows that the idea 
of expressing the A2, A3 (harmonics of impact frequency) etc. with any 
events in drilling is not possible as their relations to any specific events in 
drilling cannot be established. In general many harmonics naturally exist in 
an impact base system. It can only be said on a general principle that the 
higher harmonics become stronger as more energy is fed up into this 
system. 

The FEED and HOLDBACK signals are also a good quantities to monitor. 
The results so far based on the analysis of the feed and holdback pressure 
signals under various conditions support the theory that the random and 
transient signals have a big say in the performance of drilling and drilling 
characteristics and how EDGE output looks like. 

The bending and Torsional modes also contribute in mixed also contribute 
towards the drilling characteristics and needs to be studied further. 

It was seen that the system responds sharply to W.O.B (Weight on Bit). The 
effect of R.P.M and effects like clogging of the system due to powdered 
rock impeding the drill string could not be verified. 

The conclusions are based on one experiment and thus except the exclusion 
of the stress waves as a factor, the rest of the conclusions cannot be relied 
upon statistically without many more experiments. 

To obtain a complete picture we need to include the relative movement of 
the hammer and the bit and should be correlated with the other Variables of 
interest to get the complete picture. I was provided with the hammer 
movement by Abram Lance but as there the accelerometer and the Hammer 
movement was recorded with different sampling rate and due to lack of 
time the data could not be included in the analysis. 
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One problem with FFTs and FFT based optimization system is that it is not 
effective if there is a lot of transient and random noise in the collected 
signal and the same configuration of the relative amplitudes of the A1 A2 
A3 etc. in FFTs can be caused by many different scenarios and reasons 
especially when the system is sensitive to more than one variables thus 
making it sometimes difficult to understand and optimize the process. 

The fact that in a system like this the Input force is variable and dependent 
on the rock properties as the hammer contact time with the drill bit would 
depend on the Rock as well, makes the system response difficult to model 
mathematically. Using PSDs of the vibration signals in tandem with other 
variable readings to monitor drilling performance would be a good idea. 

It is found that the EDGE is highly sensitive to sudden change in Rock 
property from Hard to soft as shown by consistent dip in frequency of 
impact which is consistent with the theory that the dip id due to the bit 
extending further and thus the piston having to travel more.  

 

A lot of experiments with similar set up as the one conducted for this thesis 
and with the inclusion of HAMMER and BIT movement should be 
conducted in order to verify the patterns obtained in the present analysis as 
well as understanding few impending questions. 

EDGE should include few higher harmonics as experimental basis to see 
their influence on the system. A stress must be given to understand the 
transient nature of the system to understand the cause and effect of the 
Transient signals as it would help in quantifying the good or bad drilling 
better. 
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