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Abstract. Well drilling machines should have as high efficiency factor as it is possible. This 
work proposes factors that are affected by change of input signal pulse curve. A series of runs 
are conducted on mathematical model of hydraulic-powered pulse machine. From this 
experiment, interrelations between input pulse curve and construction parameters are found. 
Results of conducted experiment are obtained with the help of the mathematical model, which 
is created in Simulink Matlab. Keywords – mathematical modelling; impact machine; output 
signal amplitude; input signal curve. 

Introduction 
At the present day, special emphasis is placed on studying the output signal curve of drilling machines 
[1]. Key performance indicators of existing impact machines influence the overall impact machine 
efficiency; the most essential indicator is impact energy. Comparison of impact energy is always used 
to rate different impact machines and determine their possible applications in borehole drilling [5,7]. 
Impact energy value is dependent on machine type and borehole diameter [2]. Other key performance 
indicators are amplitude and oscillation period [4]. As well as impact energy, they have an effect on 
overall drilling efficiency [6]. This studying is devoted to find the interrelation between oscillation 
period and amplitude and to find applicable pulse curve in order to increase overall efficiency of 
drilling process. A series of runs are conducted on mathematical model of hydraulic-powered pulse 
machine, it allows investigating the effect of input signal on output characteristics of formed pulse. 

In general, mathematical models describe the basic properties of an object, process or system, its 
parameters, internal and external communications with the help of logical-mathematical structures 
[10]. MATLAB software is used to conduct the experiments. Software offers a variety of methods to 
find solution for Cauchy problem for differential equations: ordinary differential equation (ODE) 
solvers, special-purpose programs for model investigation of controlled systems, SIMULINK as 
analog simulation tool [3, 8]. Scheme, which generated in SIMULINK, consists of units that simulate 
process, its properties and construction parameters. 

It is possible to choose one of the following input signal by changing variable in - sine, sawtooth or 
square. Output frequency can be measured in hertz (Hz) or in radians per second (rad/s); it is also 
possible to adjust the amplitude of the input signal by changing the plunger stroke length [9]. Sample 
amplitude of 1 mm is applied for model calculation. Signal curve is not affected by decreasing or 
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increasing of this parameter. 
 
Results & Discussion 
Mathematical model is tested for following system parameters as depicted in Table 1. 
 

Table 1.Impact machine parameters 
 Parameter Value 

с Spring stiffness 18600 ;
N

m
 

m Active mass 100kg  

Cv 
High-pressure 

hose volume elasticity

3

9
3, 441 10

m

Pa
  

kf 
Coefficient of

friction 
0,2 

 Fig.1-3 show the result of mathematical modelling for different type of input signal curve. 
 

 
Fig.1. Dependence graphs of active mass displacement (b) and formed pulse (c) for sine input 

signal (а) on time interval, for which pulse acts 
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Fig.2. Dependence curves of active mass displacement (b) and formed pulse (c) for sawtooth input 

signal (а) on time interval, for which pulse acts 
 

 
Fig.3. Dependence curves of active mass displacement (b) and formed pulse (c) for square input 

signal (а) on time interval, for which pulse acts 

YIT-UPMME 2015 IOP Publishing
IOP Conf. Series: Materials Science and Engineering 127 (2016) 012007 doi:10.1088/1757-899X/127/1/012007

3



Form
machine
signal cu
with usa
2 times h

Fig.4
76000 N

 

 
Form

signal cu
several 
amplitud
Amplitu
curves. 

Fig.6
spring st

med pulse cu
e operation. O
urve and the
age of square
higher than a

4-5 show the
N/m, while ac

Fig

Fig.5. D

med pulse osc
urve. Oscilla
values of sp

de also decr
ude interrelat

6-7 show the 
tiffness rema

urve is sine f
Output signa

en reaches its
e input signa
amplitude for
e result of m
ctive mass va

g.4. Depende

Dependence

cillation perio
ation period 
pring stiffne

reases with t
tion remains 

result of ma
ains constant

for three exp
al becomes s
s maximum 

al. It is 1.3 tim
r sawtooth in

mathematical
alue remains 

ence curve of

 curve of for

od decreases
does not de

ess is visibl
the increase
constant for

athematical m
. 

periment run
stable after e
amplitude. M
mes higher t
nput signal cu
l modelling. 
constant. 

f formed pul
 

rmed pulse o

s with the inc
epend on typ
le due to th
 of spring s
r all values o

modelling. A

ns; it comes
eight oscillat
Maximum am
than amplitud
urve. 
Spring stiff

se amplitude

oscillation pe

crease of spr
pe of input s
he measurem
stiffness for 
of spring stif

Active mass 

s out from o
tion periods 
mplitude is r
de for sine in

fness varies 

e on spring st

riod on sprin

ring stiffness
ignal curve. 

ments uncert
all types o

ffness for dif

varies from 

oscillation co
for all types

reached by m
nput signal c

from 18600

tiffness 

ng stiffness 

s for all types
Small diffe

tainty. Form
f input sign
fferent types

100 to 800 k

oncept of 
s of input 
modelling 
curve and 

0 N/m to 

 

 

s of input 
rence for 

med pulse 
nal curve. 
s of input 

kg, while 

YIT-UPMME 2015 IOP Publishing
IOP Conf. Series: Materials Science and Engineering 127 (2016) 012007 doi:10.1088/1757-899X/127/1/012007

4



 
Form

350 kg. 
values o
increases
remains 
increases
Conclus

Resul
oscillatio
paramete
is also a
value of 
than amp
between
not cove

Fig.6

F

med pulse osc
Oscillation p

of active mas
s with the in
constant fo

s two times, 
sion 
lts of condu
on period va
ers, such as s
ffected by in

f amplitude. I
plitude for s
 construction

ered in this ar

6. Dependenc

Fig.7. Depend

cillation peri
period does n
ss is visible 
ncrease of ac
or all values

when active

ucted experim
alue is not 
spring stiffne
nput pulse cu
It is 1.3 time
sawtooth inp
n parameters
rticle. 

ce curve of f

dence curve 

od increases
not depend o
due to the 

ctive mass fo
 of spring s

e mass is incr

ment show th
dependent o
ess and activ
urve. Square 
es higher than
put signal cur
s, which have

formed pulse
 

of formed pu

 two times, w
on type of in
measuremen

or all types o
stiffness for 
reased from 

hat input sig
on curve. O
ve mass. Reg

input pulse 
n amplitude 
rve. Further 
e an effect o

 oscillation p

ulse amplitud

when active 
nput signal cu
nts uncertain
of input sign

different ty
100 kg to 50

gnal curve h
scillation pe

gardless of co
curve allows
for sine inpu
studying wi

on formed pu

period on act

de on active 

mass is incr
urve. Small d

nty. Formed 
nal curve. Am
ypes of inpu
0 kg. 

has an effect 
eriod is affe
onstruction p
s reaching th
ut signal curv
ill be on find

ulse, includin

tive mass 

mass 

reased from 1
difference fo
pulse amplit

mplitude inte
ut curves. A

on amplitud
ected by con
parameters, a
he maximum
ve and 2 tim
ding interrel

ng parameter

 

 

100 kg to 
or several 
tude also 
errelation 

Amplitude 

de, while 
nstruction 
amplitude 

m possible 
mes higher 
lationship 
rs that are 

YIT-UPMME 2015 IOP Publishing
IOP Conf. Series: Materials Science and Engineering 127 (2016) 012007 doi:10.1088/1757-899X/127/1/012007

5



 
References 
[1] O O Angatkina, P Y Krauinsh, V N Deryusheva Influence of the Shaper Design of 

Pneumohydraulic Impact Device on the Form and Duration of the Impact Impulse Applied 
Mechanics and Materials 756 (2015) 394-401 

[2] V F Gorbunov, A G Lazutkin, L S Ushakov, Hydraulic power unit in mining industry 
Novosibirsk Nauka (1986) 197 

[3] E N Pashkov, N V Martyushev, I A Masson, Vessel ellipticity and eccentricity effect on 
automatic balancing accuracy IOP Conference Series Materials Science and Engineering 66 
(2014) 1-5  

[4] M V Novoseltseva Investigation of the Influence of Hydroimpulsive Mechanism Design 
Parameters on the Formed Impulse J Advanced Materials Research 1040 (2014) 682-685 

[5] A M Ashavsky, A Y Volpert, V S Sheinbaum Power pulse systems Moscow Mashinostroenie 
(1978) 200  

[6] X Wei, C Y Wang, H L Yuan, Z H Xie Study of Fracture Mechanism of Rock Cutting Key 
Engineering Materials 250 (2003) 200-208  

[7] K K Tupitsyn Surveillance of dynamically balanced machines Novosibirsk Nauka (1974) 157  
[8] E N Pashkov, G R Ziyakaev, M V Novoseltseva Differential equations of processes for the 

hydropuls power mechanism of drill machines Applied Mechanics and Materials 379 (2013) 
91-94  

[9] L S Ushakov, Y E Kotylev, V A Kravchenko Impact hydraulic units Moscow Mashinostroenie 
(2000) 416  

[10] A N Glazov, I V Kuznetsov Distributing System of Percussion Mechanism in Compressed-air 
Rock Drills J Mining research and information journal 4 (2013) 515-517  

 

YIT-UPMME 2015 IOP Publishing
IOP Conf. Series: Materials Science and Engineering 127 (2016) 012007 doi:10.1088/1757-899X/127/1/012007

6




