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Highlights: 

• Friction Reduction Tool (FRT) generated axial oscillation to reduce friction between drill string 
and wellbore so the weight transfer to the drill bit will be optimum and reduce stick & slip. 

• The output of FRT is to reduce Stick-slip & weight transfer issue so the Rate of Penetration 
(ROP) and Mechanical Specific Energy (MSE) can be increase. 

• It turns out that increasing the penetration rate in achieving the drilling target can be achieved 
optimally by using the Friction Reduction Tool (FRT) so that the drill bit can easily penetrate 
the formation during drilling operations without damaging the formation reservoir. 

 

Abstract 

Friction is one of the unavoidable factors during drilling. If not properly managed, it can 
significantly reduce the rate of penetration (ROP), especially in horizontal wells. This research aims 
to examine the effectiveness of the Friction Reduction Tool (FRT) in managing friction without 
causing damage to the formation. The FRT is designed to reduce friction between the drill string 
and the wellbore by minimizing contact. However, its performance is often influenced by two main 
factors: formation characteristics and drilling parameters. This study analyzes Well X-4, which was 
drilled without FRT, and Well X-5, which was drilled with FRT from a depth of 2837 m (MD). The 
analysis focuses on the tool’s impact on stick-slip issues, ROP, and mechanical specific energy 
(MSE). The results indicate that the use of FRT reduced stick-slip levels and MSE, enabling the drill 
bit to penetrate the formation more easily. Additionally, activating the FRT from the start increased 
the penetration rate by 18% compared to drilling without it. These findings suggest that the FRT 
effectively enhances the drilling rate while preserving the formation integrity. 
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1. Introduction 
The difficulty in reaching the predetermined depth is part of the problems often encountered 

in oil well drilling. This has led to optimizing parameters such as increasing Weight on Bit (WOB) to 
increase RPM with subsequent improvement in Rate of Penetration (ROP). However, there is still 
difficulty in increasing the penetration rate and achieving drilling targets. This is observed from the 
analysis of previous research results that some of the indications of problems are incomplete 
weight transfer to the drill bit, resulting in a slowdown in penetration rate, and the most extreme 
is the issue of downhole stick-slip. Drilling performance was reported to have become inefficient 
due to the stick-slip vibration effect [1]. Some previous studies that discuss Friction reduction Tools 
include systematic engineering strategies, which result in safe and perfect recovery from stuck pipe 
scenarios by utilizing friction reduction tools [2]. In general, there are two types of downhole tools 
used to generate benign vibrations in the drill string and/or bottom hole assembly (BHA) to reduce 
friction: axial oscillating tools (AOT) and lateral vibratory tools (LVT). Axial oscillating tools provide 
much more effective friction reduction, which improves drilling performance in horizontal wells 
[3]. To overcome the problems associated with effective weight transition on the drill bit (WOB) 
during long-distance horizontal shale gas well drilling, hydro-oscillators are increasingly being used 
both in China and abroad to reduce drill string resistance and increase the rate of penetration (ROP) 
for horizontal section drilling, which can greatly reduce the cost of drilling horizontal shale gas 
wells. The effects of installation location, maximum vibration force, and vibration frequency of the 
hydro-oscillator on drag reduction are simulated, and comparison and analysis have been carried 
out using field data, with the calculation results providing a theoretical basis for field application 
of the hydro-oscillator and optimization of structural parameters [4]. 

The situation is assumed to be the reason for the failure that reduces penetration rates, 
increases drilling time, and also contributes to increased drilling costs. This is possible because the 
occurrence of stick-slip vibration issues can be detected through a sudden decrease in ROP values 
and an increase in WOB values during drilling process. The problem has the capacity to significantly 
disrupt drilling process because of the slow penetration rate and high downhole issues. The wells 
used in this research were drilled through Bottom Hole Assembly (BHA) using the Rotary Steerable 
System (RSS) with PDC-type drill bit. The RSS used is often associated with stick-slip issues which 
can reduce the efficiency of drill string applied for drilling. Moreover, incomplete weight transfer 
to drill bit is another issue identified to be causing problems in the wells. WOB was added to 
optimize the penetration rate but the intervention rather caused further reduction as well as a 
very high torque with the possibility of endangering the whole drilling process.  

The efforts to address the problems led to the suggestion of additional tools for drill string. 
This is necessary because friction is part of the factors that can hinder drilling in the oil and gas 
industry by causing torque and drag. Torque is normally generated from the top drive or rotary 
table movement while drag is the load from BHA. The issues associated with these concepts need 
to be addressed in order to properly deliver weight transfer to the bit and increase ROP [5]. This is 
due to the fact extreme torque and drag (T&D) has the ability to reduce ROP in addition to stick-
slip problems and cause BHA damage, leading to higher costs of drilling. Stick-slip can be 
determined through a reduction in ROP and an increase in WOB during drilling [6]. However, it is 
possible to reduce the problems identified through both mechanical and chemical methods. The 
mechanical aspect focuses on using vibration to reduce T&D without any damage to the formation 
[7]. Moreover, previous research titled "Faster ROP in Hard Chalk: Proving a New Hypothesis for 
Drilling Dynamics" showed that the application of Anti Stick-slip Tools provided significant results 
in drilling efficiency and cost savings [8].  

The results from the research showed that the tools could reduce friction from all directions, 
overcome vibration in hard layers, ensure aggressive drill bit application while maintaining low 
WOB values, and allow drill bit to be used longer and faster. Research has also been conducted to 
identify and recognize the types of vibration that occur during drilling process. The three types 
identified include the torsional, axial, or bit bouncing phenomenon, and lateral vibration [9]. It was 
observed that stick-slip vibration was mostly found in oil well drilling with the torsional type 
reported when the bit rotation completely stopped (stick) and a phase where the bit reached the 
rotational speed up to twice the normal speed (slip) [10]. 

Torsional vibration, also known as stick-slip, occurs when the rapid rotation of drill bit and 
drill string causes stiffness, weaknesses, and dynamic friction interaction. In some wells, torque 
fluctuations are not severe and do not reach full stick-slip every time which stops the bit completely 
in a torsional cycle. Meanwhile, the vibration can become severe when there are high torque loads 
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in hard rock with aggressive bits. It is also important to state that the bits do not only stop but also 
have the potential to get stuck or fail to rotate. In such cases, the penetration rate can be reduced 
with the interval length becoming shorter, potentially damaging drill bit or drilling equipment [11]. 

There are several developments of Friction Reduction Tools that have been tried to be applied 
in the drilling process. Jidong oil well, experiencing the problem of friction torque and casing wear 
during the construction process in drilling, designed a lower friction torque and protective sleeve 
that lowered the anti-friction torque tool [12]. Horizontal well drilling faces more technical 
challenges, including high friction force, poor weight transfer, and complex bottomhole conditions, 
etc. These problems often lead to low drilling efficiency, reduced extended reach capacity, poor 
tool surface control, and significantly increased costs [13]. 

2. Methods 
This research was conducted using 2 wells, X-4 and X-5, as the samples to be compared and 

evaluated using mechanical methods. Moreover, Friction Reduction Tool (FRT) was applied to 
reduce friction between drill string and casing or borehole with subsequent effect on stick-slip, 
ROP, mechanical specific energy (MSE), BHA, as well as torque and drag. 

ROP is the speed at which drill bit penetrates the rock being drilled and is usually influenced 
by several factors, including rock characteristics, the combination of WOB and rotary speed (RPM), 
the bit, drilling fluid or mud, and drilling hydraulics [15]. The other influential factors include Mud 
Weight (MW), flow rate, and the type of bit used. Moreover, stick-slip or torsional vibration can 
slow down drilling operations and increase drilling costs [16]. MSE is also defined as the energy 
required to break the rock volume during drilling and is considered an important factor in 
evaluating drilling efficiency [17]. There is normally a rotation force known as torque in the 

mechanical process between drill string and the 
formation or casing [18], [19]. Meanwhile, drag is the 
axial force generated based on the contact between 
the moving drill string and the formation or casing. 
The two phenomena can occur due to side forces 
generated between the borehole and all drill string 
elements as well as the friction associated with the 
movement of drill string. As previously stated, torque 
originates from the motion generated by the top drive 
or rotary table while drag is associated with the 
weight of drill string [7]. It is important to state that 
extreme torque and drag (T&D) can be detrimental to 
drilling operations and equipment. Several 
technologies have been developed to address T&D 
issues [20] such as the application of relevant tools to 
reduce friction under wellbore during drilling process. 
This is in the form of FRT which is divided into 2 
components, including Shock Tool (ST) and Friction 
Tool (FT) as presented in Figure 1, to assist in reducing 
downhole friction during drilling operations. 

FRT uses strong axial motion to reduce friction 
between drill hole and drill string to increase weight 
transfer to drill bit, improve ROP, and reduce stick-
slip. It is also important to state that the tool has 2 
components, the Rotor and the Stator, similar to 
those in a drill motor, commonly referred to as the 
power section in Figure 2. The power section normally 
rotates according to the flow rate and generates 
impulses to ST above FT. Meanwhile, ST can be used 
in conjunction with FRT and Conventional Drilling BHA 
due to the capacity to generate vibrations needed to 
break static friction in order to minimize the contact 
between drill string and casing or formation.  

 

Figure 1. 
The schematic of 

material preparation    
  

Figure 2. 
Power section [14]   
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There is a valve called Oscillating Valve Assembly 
(OVA) at the end of FT which faces another known to 
be Stationary Valve Assembly (SVA) as presented in 
Figure 3. The mechanism of the power section causes 
a movement between OVA and SVA, leading to 
pressure pulses delivered to ST to perform the axial 
movement required to generate vibrations and break 
static friction [21].  

The dynamic excitation tool consists of three 
main components which are the power, the valve, and 
the oscillation sections as presented in Figure 4. The 
power section is a positive displacement motor (PDM) 

with a 1:2 ratio rotor inside the stator, the valve section consists of OVA and SVA, and the 
oscillation section is ST which has a spring-loaded mandrel axially. As mud is pumped through the 
power section, the rotor is progressively moved and rotated in the stator, generating a nearly linear 
sweep motion of OVA. The oscillation of OVA causes cyclical restriction of the flow path by passing 
through SVA in order to produce the desired pressure pulses in the string as shown in i and ii. 
Moreover, the mandrel normally extends when internal pressure is applied to the open area of the 
pump on ST. 

 

Figure 4. 
Axial oscillation 

generator tool (AGT) [13]    
 
The mandrel returns to its original position after the pressure is released. It is also important 

to state that the cyclic axial oscillation of ST keeps the string continuously moving, breaking static 
friction with the wellbore while increasing weight transfer to the drill bit and reducing reactive 
torque in the borehole [13], [22], [23]. The software was required to model or design the 
placement of FRT as well as to simulate torque and drag during the drilling process. This led to the 
adoption of Vibrascope with the assistance of Excel due to the ability to accurately place FRT with 
a significant effect on the simulation results of torque and drag [24], [25]. Furthermore, software 
also assisted in simulating the speed value (RPM) of drill string which was required for critical speed 
analysis to avoid torsional, axial, and lateral vibrations. 

Several supporting data on BHA design (OD, ID, Length, and Mass), Hole Size, Weight on bit, 
MW, Well Trajectory (Depth, Inclination, and Azimuth), Friction factor open hole and casing hole, 
Previous casing depth, and RPM were required in the software as the input to determine output 
such as torque and drag values for a specific well. Moreover, the output data were plotted on a 
chart in Excel to visualize the changes before and after using this tool, show specific depths to 
determine the achievement of the target from the beginning to the desired depth, and identify the 
potential torque and drag considered to be good. The graph also showed the placement of FRT to 
determine the optimal point to provide the most significant reduction. 

 

Figure 3. 
Oscillating valve 

assembly and stationary 
valve assembly [21]   
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3. Results and Discussion 
This research focused on evaluating 2 wells, including X-4 without FRT during drilling and X-5 

that activated FRT starting from 2837 m (MD). Moreover, the 4 parameters analyzed were ROP, 
stick-slip, MSE, and torque. 

3.1. Results 

The results showed that ROP of X-4 was higher than X-5 from 1500 to 2837 m (MD) because 
FRT was not activated. After FRT was activated from 2837 to 4133 m (MD), ROP of well X-5 became 
higher as shown in Figure 4 and this reduced drilling time and costs. Figure 5 was used to compare 
X-4 and X-5 before and after the introduction of FRT. The results showed that X-4, indicated by the 
gray color, was drilled starting from a depth of 1503 m (MD) to 4133 m (MD). The penetration rate 
from 1503-2837 m (MD) was found to be 68 m/hr and the value reduced to 30.6 m/hr at 2837-
4133 m (MD) while the average was recorded to be 44.13 m/hr. 

 

Figure 5. 
ROP of X-4 vs X-5    

 
X-5 was represented by the light pink color before FRT activation and the red color after FRT. 

It was observed that drilling was initiated at a depth of 1420 m (MD) to 4201 m (MD) with an 
interval of 2781 m (MD) was 151 meters deeper than X-4. The penetration rate recorded at 1503-
2837 m (MD) was 61.3 m/hr and the value also reduced to 36.1 m/hr for 2837-4133 m (MD) until 
drilling target was reached when it changed to 11.8 m/hr. 

Wells X-4 and X-5 are in the same formation, namely a formation consisting of Sand Stone, 
Clay Stone and Coal. The drilling carried out also uses the same fluid, namely the SOBM mud type 
with a difference in mud weight of 1.38 SG (for X-4) and 1.4 SG (for X-5). 

The bit details used in wells X-4 and X-5 are the same, namely PDC 616 (6 blades, 16 mm 
cutters) both of them use the same type of bit. Weight on Bit (WOB) on a well without FRT is 13.9 
klbf, while for the use of FRT, the WOB used is 13.1 klbf. The trajectory of the X-4 well without FRT 
has an inclination in: 32.20 deg and an inclination out: 9.89 deg. While the X-5 well with FRT has 
an inclination in: 9.51 deg and an inclination out: 7.26 deg. Meanwhile, the pumping rate used is 
1800-2650 lpm for well X-4 and 1800-2500 lpm for well X-5. The comparison of the two wells 
showed that the application of FRT from the start increased the penetration rate. This was evident 
in the depth range of 2837-4133 m (MD) where the well with the tool had an 18% higher 
penetration rate and increase. Moreover, FRT further reduced stick-slip from 114 c/min to 79 c/min 
and 41 c/min as presented in the following Figure 6. The trend showed that FRT worked effectively 
as observed from the ability to reduce stick-slip and increase ROP. 

The comparison of stick-slip values for X-4 and X-5 in Figure 6 showed that the value for X-4, 
represented by the gray color, increased by 12% from the depth range of 1500-2837 m (MD) to 
2837-4133 m (MD). However, the value was smaller compared to X-5 but continued to increase as 
drilling became deeper. The results further showed that X-5 had stick-slip value of 101 c/min at the 
beginning of drilling and later increased to 114 c/min before FRT was introduced. Meanwhile, the 
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introduction of the tool reduced the value by 44% and later by 93% when drilling reached a deeper 
target of 4248 m (MD). This relatively high stick-slip value was associated with the potential 
increase in the percentage of claystone encountered at a deeper depth. The inclusion of FRT also 
reduced MSE value for X-5 compared to X-4, as presented in Figure 7. The observation showed that 
drill bit was not sufficiently hard to penetrate the formation and the weight transfer was delivered 
effectively. 

 

Figure 6. 
Stick-slip of X-4 vs X-5    

 

Figure 7. 
MSE of well 

X-4 vs well X-5    
 
The X-4 well has a drilling target at a depth of 4412 m (MD) using a push the bit RSS drill string. 

This well is a well that does not activate the Friction Reduction Tool until it reaches the drilling 
target and gets an ROP of 44.13 m/hr. Starting from a depth of 3000 m (MD) the ROP value 
decreases gradually and this is indicated due to a problem below the well, namely stick-slip. The X-
5 well has a drilling target at a depth of 4248mMD using a push the bit RSS drill string. At the 
beginning of the section to a depth of 2873mMD, the Friction Reduction Tool is not activated 
because the stick-slip level is still relatively low and the ROP value is 58.54 m/hr with a WOB of 
11.9 T. After a depth of 2873mMD the stick-slip level increases and finally this tool is activated so 
that it can get a stable ROP value and a decrease in the stick-slip value. 

During the drilling, the guidelines when meet stick & slip is reduce the WOB and increase the 
RPM but the effect is decreasing the ROP. Another method is pick-up the string (off-bottom) and 
waiting a few minutes to release the stick & slip but it will increase the drilling time. During the 
drilling using FRT, no need to adjust the parameters like the guidelines because these tools can 
help to mitigate the stick & slip so it can be more manageable and the output are reduce the drilling 
time and save the BHA from damage cause the stick slip. It will reduce the drilling cost and Damage 
Beyond Repair (DBR). 

Mechanical Specific Energy (MSE) value of X-5 was found to be lower than X-4 after the 
introduction of FRT, as presented in Figure 7. The activation of the tool at a depth of 2873 m (MD) 
slightly increased MSE but was 40% lower than the value for X-4. The higher MSE value in X-4 
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showed that drill bit required more effort to break the formation to be penetrated. Moreover, 
torque is part of the factors influencing MSE value, and the changes observed for X-4 and X-5 are 
presented in Figure 8. The results showed that torque increased for both wells but X-4 had higher 
values than X-5 without FRT. The value for X-5 was observed to have reduced and became constant 
after the activation of FRT. The increasing torque in X-4 showed that drill bit required more work 
to penetrate the formation. Furthermore, the vibration effects of FRT did not damage the 
formation or cause fractures but only minimized the contact between drill string and wellbore. 

 

Figure 8. 
Torque of well 
X-4 vs well X-5    

3.2. Discussion 

X-4 was the well drilled without using the FRT tool. The ROP was initially high at 68 m/hr but 
gradually declined to 30.6 m/hr, despite increasing the weight on bit (WOB). The MSE value rose 
by approximately 40% toward the end of drilling, suggesting that the applied WOB was not fully 
transferred to the drill bit due to inefficient energy transfer. Frequent stick-slip events were 
observed, which disrupted drilling performance, although the target depth was eventually 
reached. 

In contrast, well X-5 had FRT activated at 2873 m (MD). Although ROP also declined from 61.3 
m/hr to 11.8 m/hr, the reduction was not as drastic as in X-4. The MSE increase was milder, 
especially after FRT activation, indicating improved drilling efficiency. Notably, at similar depths, X-
5 showed an 18% higher ROP compared to X-4. Stick-slip levels in X-5 were high before FRT 
activation but decreased significantly afterward, while in X-4, stick-slip increased at greater depths. 
Torque rose in both wells, but became more stable in X-5 after FRT was engaged, further 
supporting the tool’s effectiveness. 

Overall, the application of FRT helped reduce stick-slip and enhance ROP without requiring 
significant parameter adjustments. Normally, stick-slip is mitigated by lowering WOB and 
increasing RPM, which often reduces ROP. With FRT, operators can maintain or even push 
parameters to achieve higher ROP while minimizing vibration and mechanical risks. This not only 
improves drilling performance but also contributes to better tool longevity and operational cost 
efficiency. 

4. Conclusion 
In conclusion, reducing stick-slip has a significant impact on improving the Rate of Penetration 

(ROP), allowing drilling targets to be achieved more efficiently through the application of the FRT 
tool. This was evidenced by an 18% increase in ROP and a reduction in torque in the well where 
FRT was applied. Drilling parameters in the FRT well were also lower than those in the offset well 
(average WOB: 13.1 klbf vs. 13.9 klbf). These changes indicate that the drill bit was able to 
penetrate the formation more easily, as resistance from stick-slip was effectively minimized 
without causing environmental harm. The use of FRT not only improves ROP and reduces stick-slip, 
but also protects the Bottom Hole Assembly (BHA), extending its service life and contributing to 
overall drilling cost efficiency in the future. 
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