
Abstract
To address the problems of large drilling friction and low rate of penetration (ROP) in the drilling process of horizontal 
well, the vibration characteristics research of drill string is conducted on the basis of rotary-impact. The force analysis 
model of horizontal drill string is determined, and the dynamics differential equations are established to analyze 
the influence of key parameters. The vibration characteristics of different drill string nodes are studied, and then 
the performance parameters of rotary-impact tool are obtained by experimental test with the combination of a new 
rotary-impact drilling tool. The research results show that with the increase in stroke, weight on bit (WOB), impact 
deformation coefficient and effective contact area, the impact force can increase gradually. Moreover, maximum 
vibration displacement, velocity and frequency are in the installation position of rotary-impact tool. The research 
conclusions can provide a theoretical reference for the structure optimization design and field application of the 
rotary-impact tool, and they can also provide guidance for the dynamics study of horizontal drill string.
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Introduction
In the exploitation process of new oil and gas resources, 
especially in shale gas or coal seam gas, the horizontal 
well technology is gradually being developed and 
breakthrough. However, when the horizontal wellbore is 
long or the curvature of wellbore is large, and the axis of 
drill string can deviate from the direction of the wellbore 
axis [1]. Furthermore, due to the geological difference of 
borehole wall and the formation of cuttings bed, drilling 
engineering faces more complex working conditions 
[2]. The contact behavior between the drill string and 
the borehole wall is complex the drilling process, which 
presents significant nonlinearity and randomness. In 
addition, the drilling friction is larger to result in stick-
slip, backing pressure or other phenomena, thus the ROP 
can be influenced [3-4].
In order to solve the problems of large drilling friction 
and improve the ROP in the horizontal well, three 
methods are used with the combination of the practical 
application in the drilling engineering [5]. The chemical 
medium is used to improve the working environment 
between the drill string and the borehole wall that can 
improve the lubrication performance of the drilling 
fluid [6]. The frictional resistance can be predicted to 
formulate the friction reduction scheme according to the 

prediction results, which it utilizes  the drilling conditions 
and parameters in the drilling process [7]. Mechanical 
anti-friction method is used as the third method and 
downhole speed-up tool is added into the bottom hole 
assembly (BHA) to change the force condition of drill 
string, which can reduce the drilling friction to realize 
the improvement in the ROP and drilling efficiency [8]. 
At present, various speed-up tools are applied to shale 
gas exploitation, and the working performance can meet 
the requirements of drilling engineering. In which, there 
are some typical drilling tools that include hydraulic 
oscillator, torsional impactor, anti-stagnation tools and 
so on [9-11]. At the same time, the supporting theoretical 
research has also achieved corresponding breakthroughs. 
For the stick-slip of the drill string-different methods 
have been used to establish theoretical analysis models 
and study the dynamics of the drill string. Based on 
vibration theory, experts have constructed multi-degree 
of freedom and torsional vibration model to study the 
influence of drilling parameters such as drill pipe length, 
drilling torque, turntable speed, and WOB on the stick-
slip vibration [12-13]. The stick-slip vibrations of the 
drill string and its influence factors have been researched 
through the establishment of the bit-rock interaction 
model [14-15]. The phase trajectory of the drill bit and 



J. Tian et al. Journal of Petroleum Science and Technology 11(4): 31, 2021, 24-33
25

the cause of the stick-slip vibration are analyzed by 
establishing the stick-slip vibration mechanics model of 
the drill string [16]. Discrete analysis of nonlinear dynamic 
equations of the drill string has been carried out that is based 
on the Timoshenko beam theory and the finite element method 
[17]. Considering the effects of stick-slip and time-delay, a 
discrete drill string system model has been proposed to study 
the parameters of different friction ranges [18]. Scholars have 
completed the modeling of the drill string system, and the 
numerical analysis and comparison of different models have 
been conducted [19]. A dynamic model of the drill string has 
been established during the drilling and completion process 
for the frictional buckling problem of directional well [20]. 
What is more, they have studied the interaction between rock 
and bit under the torsional vibration load [21].
In this article, based on the background of oil and gas resources 
exploitation, in order to improve the force conditions of drill 
bit and improve the efficiency of rock breaking, a new type of 
accelerated drilling tool is proposed, which is different from 
the existing screw drilling tool. During the working process, 
the CAM mechanism can produce periodic axial impact and 
provide extra impact load for the rock breaking of drill bit. 
According to the theoretical model, the relationship between 
strokes, bit weight, impact deformation coefficient, effective 
contact area and impact force is analyzed, and the vibration 
characteristics of drill string at different joint positions 
are studied. Through the bench test, the new tool is tested. 
According to the structural design parameters of the new 
speed lifting tool, the change of stroke has a great influence 
on the impact load, the range of stroke of the upper and lower 
shaft body is 3 mm~13 mm, and the impact force increases 
with the increase in stroke, and the change is 6.05t~12.59t, 
showing an approximate proportional relationship. The 
comparison between the experimental results and the 
calculation results shows that the experimental results are 
consistent with the theoretical results within the error range, 
and the working effect of the new speed-up tool is obvious.

Materials and Methods

Structure and Work Mechanism 
The rotary-impact tool is composed of power assembly and 
driveshaft-impact assembly, the specific structure includes 
bypass valve, screw, cardan shaft, upper axle body, upper 
piston, bearing group, cam mechanism, impact pad, lower 
piston, lower axle body and other components, which is 
shown in Figure 1.
The driveshaft-impact assembly is connected to the lower 
end of the power assembly that is a traditional positive 
displacement motor (PDM) drilling tool. The drilling torque 
generated by the PDM drilling tool is transmitted to driveshaft-
impact assembly through the cardan shaft to drive the drill 
bit broken rock. In the working process, the rotary-impact 
tool uses cam mechanism to achieve the impact function and 
provides rotary impact load for the drill bit. When the high-
pressure drilling fluid enters the PDM drilling tool through 
the bypass valve, the hydraulic energy of the drilling fluid 
is converted into the mechanical energy of the screw rotor. 
The screw rotor drives the cardan shaft and the upper axle 
bodies rotate sequentially. The drilling torque is transmitted 
to the lower axle bodies through the spline connection and 
then transmitted to the drill bit. Roller and cam are mounted 
on the upper and lower axle bodies respectively. When the 
screw rotor rotates, the cam pushes the roller to drive the 
upper drill assembly rise. When the roller reaches the high 
point of the cam, it accelerates to fall. The upper drill tool 
and the impact pad work together to produce the impact load 
with a certain frequency and size. Furthermore, due to the 
structural characteristics of cam and roller, the rotary-impact 
tool can produce intermittent impact to achieve the rotary 
impact rock-breaking of the drill bit.

Theoretical Model
According to the work characteristics of rotary-impact 
drilling and the actual conditions of drilling engineering, the 
following assumptions are made with the consideration of 
the actual working conditions in downhole [22-23].

Fig. 1 Specific structure of rotary-impact tool:
1-bypass valve, 2-screw, 3-cardan shaft, 4-upper axle body, 5-upper piston, 6-bearing group, 
7-cam mechanism, 8-impact pad, 9-lower piston, 10-lower axle body, 11-drill bit
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The driveshaft-impact assembly is connected to the lower 
end of the power assembly that is a traditional positive 
displacement motor (PDM) drilling tool. The drilling torque 
generated by the PDM drilling tool is transmitted to driveshaft-
impact assembly through the cardan shaft to drive the drill 
bit broken rock. In the working process, the rotary-impact 
tool uses cam mechanism to achieve the impact function and 
provides rotary impact load for the drill bit. When the high-
pressure drilling fluid enters the PDM drilling tool through 
the bypass valve, the hydraulic energy of the drilling fluid 
is converted into the mechanical energy of the screw rotor. 
The screw rotor drives the cardan shaft and the upper axle 
bodies rotate sequentially. The drilling torque is transmitted 
to the lower axle bodies through the spline connection and 
then transmitted to the drill bit. Roller and cam are mounted 
on the upper and lower axle bodies respectively. When the 
screw rotor rotates, the cam pushes the roller to drive the 
upper drill assembly rise. When the roller reaches the high 
point of the cam, it accelerates to fall. The upper drill tool 
and the impact pad work together to produce the impact load 
with a certain frequency and size. Furthermore, due to the 
structural characteristics of cam and roller, the rotary-impact 
tool can produce intermittent impact to achieve the rotary 
impact rock-breaking of the drill bit.

Theoretical Model
According to the work characteristics of rotary-impact 
drilling and the actual conditions of drilling engineering, the 
following assumptions are made with the consideration of 
the actual working conditions in downhole [22-23]. The drill 
string system is elastic deformation, and the mass distribution 
is uniform. The axis of the drill string is parallel to the wellbore 
axis. The drill string is in uniform contact with the wellbore 
wall, and the drill string is subjected to uniform gravitational 
force, positive stress and friction. The horizontal drill string 
is long enough, and the simplification of the upper boundary 
condition does not affect the transmission of the vibration 
wave. And ignore the influence of the drilling process and the 
drilling fluid on the drill string. 
In order to study accurately the drill string vibration 
characteristics, the discrete method is adopted to research the 
force analysis of the drill string with the combination of the 
model assumptions. Considering the working condition in 
the horizontal well, the discrete analysis model is established. 
The drill string system is discretized into n node units, and 
the corresponding mass of node units are m1, m2…mn-1, mn, 
which are shown in Figure 2. In which, Fsta is the equivalent 
force of the left boundary of the analysis section, Ftool is the 
axial force generated by the rotary-impact tool, Ff is the 
friction between the drill string and the borehole wall, G is 
the gravity of the analyzed drill string section and Fbit is the 
force that acts on the drill bit.

According to the characteristics of the BHA, the lower end 
of the rotary-impact tool is located between the drill bit and 
the upper drill string. Assuming that the drill bit is the n+2-th 
node in the force analysis model and the rotary-impact tool is 
the n+1-th node, the 1th~n-2th nodes represent the mass of 
n-th uniform drill string. The position and direction of each 
node in the model are described by the coordinate system. 
In which, xi(t) represents the position coordinate of the i-th 
node. The force condition of the drill string node is analyzed, 
which is shown in Figure 3.
According to Newton’s Second Law of Motion, the 
differential equation of the i-th node can be obtained as [24],
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wherein mi is the mass of the i-th node, ci is the damping, ki is 
the stiffness, xi is the displacement vector, ix  is the velocity 
vector ix  is the acceleration vector, and Fi is the force acting 
on the i-th node.
When the initial conditions are i=1, x0=0 and i=n, xn+1=0 re-
spectively, the motion differential equations of the 1-st and 
n-th nodes are deduced by
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In which, the quality expression of the i-th drill string node 
can be written as

( )2 2

4i p p p pm l D dπ ρ= −                                                                 (4)

In which, pρ  is the density, lp is the length of the node, Dp is 
the outer diameter of drill string, and dp is the inner diameter 
of drill string.
According to Hooke’s Law of material mechanics, the stiff-
ness of the i-th drill string node can be obtained as

( )2 2

4
p p p

i
p

E D d
k

l
−

=
                                                                    (5)

where EP is the elastic modulus.
According to Equation 1 to Equation 3  and with the com-
bination of the force analysis model, the general differential 
equation of the matrix form can be determined as 

( )( ) ( ) ( ) tool f sta bitx t x t x t F F F F+ + ++ + =∑M C K 

               (6)

where M is the overall mass matrix, C is the overall damping 
matrix, K is the overall stiffness matrix, ( )x t  is the displace-
ment vector, ( )x t  is the velocity vector, and ( )x t  is the accel-
eration vector.
For the overall mass matrix, the expression is given by 
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                                             (7)Fig. 2 Force analysis model in the condition of horizontal well.
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Fig. 3 Force analysis of the drill string node

And the overall stiffness matrix can be written as
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For the overall damping, the vibration characteristics study 
of the drill string with the conditions of horizontal well is 
conducted in this paper. The influence of viscous damping 
must be considered, and the vibration characteristics of 
the downhole drill string can be analyzed. To simplify the 
calculation, Rayleigh damping is used. Furthermore, the 
damping matrix can be expressed linearly by using mass 
matrix and stiffness matrix, which it is achieved by [25],

α β= +C M K                                                                             (9)
In which, α and β are proportionality coefficients, which can 
be determined by experimental test or simulation calculation. 
By giving the initial proportional coefficient value, the 
numerical calculation is performed, when the theoretical 
calculation of the drill string vibration characteristics is 
within the acceptable range, the value size can be determined.
The expressions of the displacement, velocity and acceleration 
vector in Equation 6 can be defined as
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Based on the above description of the differential equation, 
the vibration equation can be solved according to the actual 
conditions of rotary-impact tool. In order to conduct the 
numerical solution, the expression of each force must be 
determined, and the boundary conditions and the initial 
conditions should be considered.
The axial force can be solved that generated by the rotary-
impact tool. The theoretical collision model between the 
upper and the lower axle body is established, as shown in 
Figure 3, in which the upper axle body can be considered as 
a rammer, and the lower axle body is an anvil. Assuming that 
the local deformation of the impact surface is proportional to 
the force, there is a spring between the upper and the lower 
axle body that the deformation coefficient is kcc and the mass 
is Mcc. In the collision model, Vcc is the velocity before the 
impact, F is the action force on the impact surface, F2 is the 
incident force of the lower axle body from the impact surface 

2F ′  is the reverse wave force on the impact surface, 2v  and    
2v ′ are the velocity of the two wave particles respectively, V1 

is the velocity of the upper axle body after the impact, and V2 

is the velocity of the upper end face of the lower axle body 
after the impact.

Fig. 4 The theoretical collision model.

Referring to the Hooke's Law, the differential expression is 
given by 

( )1 2cck V V dt dF− =                                                                (11)
According to the Newton’s Law, the acting force on the im-
pact surface can be defined as

1 /ccF M dV dt= −                                                                (12)
Considering the superposition of waves, the Equation 13 can 
be obtained as
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Taking Equations 12 and 13 into Equation 11, the second-or-
der differential equation can be obtained after further deduc-
tion.
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where in δ is the resistance of the impact wave, ξ is the com-
prehensive index coefficient reflecting the dynamic response, 
Ad is the effective contact area, ρtz is the material density 
of the lower axle body, Etz is the elastic modulus, Fd is the 
upper effective WOB and scc is the stroke of the upper axle 
body.
For the drilling friction between the drill string and the bore-
hole wall, the force   at the i-th node is achieved by 
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In which, µ  is the sliding friction coefficient, iNF  is the positive 
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stress of the i-th node and i represents the node number, 
( )( )sgn x t  is the judgment function and its expression is 

expressed as following form [26].
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For the boundary conditions, the left boundary is the upper 
drilling system that the quality is much larger than the study 
object. Assuming that the upper drilling system has less 
deformation and the displacement of the left boundary is 
zero, the equivalent force   in the model is defined as

( )sta staF f xδ=                                                               (21)

wherein staF  is the amplitude of staf  and ( )xδ  is the Dirac 
function of the displacement of the analysis point.
For the right boundary force that acts on the drill bit, the 
solution steps and results are more complex and the influence 
factors are numerous. According to the actual condition, the 
solution method of polycrystalline diamond compact (PDC) 
drill bit is given by [27]  

( )( ) ( ) ( )
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1 2 1exp 0

0 0
bit

bit

c c x t cF x L x x L

F x x L
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In which c1 is the coefficient determined for ROP, c2 is the 
coefficient that describes the non-linear characteristics 

between the rock and the drill bit, ( )x Lδ −  is the Dirac function, 
and L represents the analysis segment length.

Example Calculation and Test
In order to verify the accuracy of theoretical analysis model 
and analyze the influence of key parameters, the numerical 
example analysis is performed. The example parameters are 
determined according to the actual conditions, which are 
shown in Table 1. In the process of numerical calculation, the 
influences of different basic parameters on the impact force 
are analyzed, and the dynamic analysis results are further 
obtained, which include vibration displacement, velocity and 
frequency.
In order to verify the correctness of the theoretical model 
and the example analysis, experimental test is conducted and 
analyzed. In addition, experimental scheme is determined 
based on the experimental principle and conditions, as shown 
in Figure 5.

Table 1 Example parameter.
Parameter name Symbols Units  Value
 The outer diameter of the heavy weight drill pipe D1 mm 178
 The internal diameter of the heavy weight drill pipe D0 mm 71
 The density of the heavy weight drill pipe ρ kg/m3 7850
 Elastic Modulus E1 MPa 105×2.1
 The length of the drill string node l m 10
 Number of drill string nodes n - 10
 The mass of tool Mtool kg 1000

 The stiffness between tool and drill string Kc-t N/m 107×5

The contact stiffness between roller and cam Kcam N/m 107

 The stiffness between tool and bit Kt-b N/m 109×2

 The mass of the drill bit Mbit kg 120

 The stiffness between bit and rock Kb-r N/m 109

 Proportion coefficient α - 0.1

 Proportion coefficient β - 0.001

 Equivalent friction coefficient μ - 0.3

Fig 5 The schematic diagram of the experimental scheme.
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During the experiment process, rotary-impact tool is installed 
horizontally on the experimental test bench. Two pumps are 
used to supply fluid, and the water pump absorbs water from 
the tank. Water flows into rotary-impact tool from the inlet 
pipe through the outlet main valve and then flows back to the 
tank through the return pipe. The electromagnetic flow valve is 
used to control and regulate the inlet flow. The data acquisitions 
on different positions of the tool are carried out, and the 
experimental test field is shown in Figure 6. Specifically, the 
sensor is a piezoelectric acceleration sensor. The maximum 
allowable acceleration is 2×104 m.s-2, and the test frequency 
range is from 0.5 to 12000 Hz. The capacitance is 1709 Pf and 
the operation temperature is from -20 to 120 °C.

Fig. 6 The experimental test field.

According to the theoretical calculation method, the relation-
ship between the stroke and the impact force is obtained, as 
shown in Figure 7. According to the structure design param-
eters of rotary-impact tool, the stroke range of the upper and 
lower axle body varies from 3 mm to 13 mm. As the stroke 
increases, the impact force rises gradually and the variation 
range is from 6.05×104 N to 1.259×105 N, which shows an 
approximately proportional relationship. Furthermore, the 
stroke has a great influence on the maximum impact. With 
the combination of the drilling conditions, the variation range 
of the WOB is determined to be 2×104 N ~1×105 N. When 
other parameters are certain, the calculation result of the in-
fluence of the WOB on the impact force is shown in Figure 8. 
In the variation range of the WOB, the impact force changes 
from 6.84×104 N to 1.529×105 N. The research results can 
provide relevant technical support for the downhole exper-
iment of rotary-impact tool. According to the specific well 
conditions, the ROP can be controlled by changing WOB, 
pump output and rotate speed of turntable. 

Fig. 7 The relation of stroke and impact force.

Fig. 8 The relation of WOB and impact force.

The influence of the impact deformation coefficient on the 
impact force is analyzed, which is shown in Figure 9. The 
variation range of the impact deformation coefficient is from 
1×108 N/m to 3×1010 N/m. In the initial phase, when the 
impact deformation coefficient increases, the impact force 
rises rapidly. Then the increasing trend flattens out, and 
the value is stable at about 1.18×105 N. The reason is that 
the impact deformation coefficient of the upper axle body 
increases and the impact time becomes shorter, which it 
results in an increase in  the impact force. According to the 
design of the impact deformation coefficient and influence 
factors in the actual working conditions, when the impact 
deformation coefficient exceeds a certain value, the change 
of the impact force is smooth gradually.
With the combination of the established analysis model, the 
influence of impact area on the impact force is studied, and the 
result is shown in Figure 10. The contact area of the impact 
pad varies from 0.0008 m2 to 0.002 m2. The relationship 
between the impact force and the effective contact area 
shows obvious linear relation, and the size change is within 
the range of 9.26×104 N to 2.296×105 N.
The vibration characteristics of the drill string system are 
analyzed and the effect of rotary-impact tool on the vibration 
characteristics is studied.
The vibration displacement results of the drill string nodes 
are calculated, as shown in Figure 11. From the left edge of 
the analysis section to the position of rotary-impact tool, the 
amplitude of the vibration displacement increases gradually.

Fig. 9 The relation of deformation coefficient and impact 
force.
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Fig. 10 The relation of contact area and impact force.

Fig. 11 The vibration displacement results of the drill string.

Furthermore, the maximum vibration displacement of the 
drill string is at the installation position of rotary-impact tool 
that the fluctuation range is from -2 mm to 11 mm which is 
within the stroke of the upper and lower axle body. When the 
vibration is transmitted to the node 1, the vibration of the drill 
string node decays rapidly and the amplitude of the vibration 
displacement does not change significantly. The vibration 
generated by rotary-impact tool has less influence on the 
upper drill string. For other drill string nodes, the vibration 
displacement characteristics show a periodic variation law, 
which is consistent with the periodic motion characteristics 
of the cam mechanism.
Similarly, the vibration velocities of different nodes are 
solved to obtain the vibration velocity calculation result, 
which is shown in Figure 12. 
The rotary-impact tool is located near the drill bit and the 
cam mechanism can generate periodic axial impact during 
the working process. 

Fig. 12 The vibration velocity results of the drill string.

Therefore, the maximum amplitude of the vibration velocity 
is at the node 11 position and the maximum vibration velocity 
is approximately 2m/s. Moreover, the vibration velocity of 
drill string is close to zero at the node 1. Combined with the 
results of vibration displacement and velocity, the vibration 
characteristics of the drill string exhibit a certain periodic 
change due to the work mechanism of rotary-impact tool, 
which indicates that rotary-impact tool can generate periodic 
axial impact.
The calculation results of the vibration displacement are 
further studied, and the vibration spectrum is obtained by the 
Fourier transform which is shown in Figure 13. According 
to the vibration spectrum result, when the amplitude of the 
vibration displacement is located at the maximum response 
value, the corresponding vibration frequency is 12 Hz, 
which is an integral multiple of the fundamental frequency 
(6 Hz). Moreover, the fundamental frequency corresponds 
to the excitation frequency when the ROP is 120 r/min. In 
addition, when the vibration frequency is 18 Hz, the vibration 
displacement amplitude is also large.

Fig. 13 The calculation result of the vibration spectrum.

When the vibration characteristics analysis of the upper 
drill string node is completed, the 12th node of the model 
is studied. The drill bit is taken as a research object and 
the vibration characteristics of the drill bit is calculated, as 
shown in Figure 14, where a) is the vibration displacement of 
the drill bit and b) is the vibration velocity. 

Fig. 14 The calculation result of the vibration characteristics at the 
location of drill bit. a) Vibration displacement at the location of drill 
bit. b) Vibration velocity at the location of drill bit.

a)

b)
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According to the result of vibration displacement, 
the fluctuation range of the vibration displacement is 
approximately between -2 mm and 2 mm. When the cam 
mechanism produces an impact, the vibration displacement 
increases instantaneously, but the vibration displacement 
reaches the maximum and the value decays rapidly due to the 
short impact contact time. When the next impact occurs, the 
vibration displacement repeats the previous change. From 
the result of the vibration velocity, the vibration velocity 
fluctuates between -2 m/s and 2.5 m/s, and the change law 
is consistent with the vibration displacement. According to 
the calculation results of the vibration characteristics, the 
periodic axial impact generated by rotary-impact tool can be 
transmitted to the position of the drill bit.
The vibration data of the tool end (near bit position) is 
collected by the data acquisition instrument. After further 
processing, the vibration velocity result is obtained (the 
blue curve is theoretical calculation, and the red curve is 
experimental data), as shown in Figure 15. According to the 
test results, if the inlet flow is constant, the vibration velocity 
changes regularly. When rotary-impact tool produces an 
impact, the vibration velocity fluctuates significantly, and the 
velocity fluctuates between 1m/s and 4m/s. Furthermore, the 
time interval is roughly around 0.25s. The vibration velocity 
of the bit position calculated by the example fluctuates 
between -2 m/s~2.5 m/s, and the time interval for significant 
fluctuation is approximately 0.2s.

Fig. 15 The comparison result between example calculation and ex-
perimental test.

Because there is a certain difference between the test position 
and the theoretical calculation position and the environment 
of experimental test can influence the test result, a certain 
error exists between the results of experimental test and 
theoretical calculation. Comparing and analyzing the 
vibration data near-bit position obtained by the test and the 
example calculation, the vibration velocity range and time 
interval are relatively close, which it verifies the accuracy of 
theoretical model and theoretical calculation results.

Conclusions 
Aiming at the improvement of the ROP and the drilling 
efficiency in the exploitation of oil and gas resources, the 
article proposes a rotary-impact tool. Distinguished from the 
traditional PDM drills, periodic axial impact can be generated 
through the cam mechanism in the working process, which 
can provide an additional impact load that allows the drill bit 
to produce shear and impact rock-breaking to improve the 
rock breaking efficiency.
With the combination of the working conditions in horizontal 

well, the force analysis of the horizontal string system 
is carried out. The differential equations of the drill string 
movement are established, and the solution methods of each 
force in the differential equation are given. According to 
the theoretical model, the relationships are analyzed among 
stroke, WOB, impact deformation coefficient, contact area 
and impact force. Furthermore, the vibration characteristics 
of drill string at different nodes positions are studied, which 
can provide a theoretical reference for the optimization 
structure design of rotary-impact tool.
Through the bench experiment, the experimental test of 
rotary-impact tool is conducted. The experimental results 
are compared with the example results, and the experimental 
results are consistent with the theoretical results within the 
error range. The rotary-impact tool has obvious working 
effects, which verify the correctness of the dynamic model 
and the solution results. The research results can provide 
help for the practical application of rotary-impact tool and 
improving ROP and  efficiency in oil and gas production.
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