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Abstract. The article discusses issues of ensuring effective and reliable measurement and control 

of drill string vibration. A system for active measurement and control of drill string vibration is 

presented. The system combines both wellhead equipment elements and downhole equipment. 

At that, there is a specially designed hydromechanical extensional vibration sensor used in wells. 

The wellhead equipment includes elements of record and analysis of obtained data about drill 

string vibration. Moreover, the system includes wellhead equipment for stopping vibration. The 

article analyses optimal parameters for the shape of the hydromechanical vibration sensor. Its 

optimal shape is established. 

1. Introduction 

Current approaches to drilling are closely connected with the use of modern technologies that are of 

high reliability [1]. That is the reason why it is necessary to design new high-tech equipment that allows 

to work with minimal downtime caused by maintenance and repair. Along with it, bottom-hole 

conditions need to be continuously monitored in order to precisely regulate the technological process. 

Measurement precision in these parameters significantly effects operator’s judgement as well as the one 

of the control systems. Consequently, equipment for measurement of borehole parameters, as well as 

complexes based on them, need to transmit precise date and be of high reliability.  

At the present moment, leading companies in deep-hole drilling for oil and gas more and more often 

implement sophisticated soft- and hardware complexes in order to automate the technological process 

of well construction [2]. However, effect of external factors certainly limits the use of any given system 

or complex [3]. To such factors, slurry abrasive wear, temperature differences, as well as high dynamic 

stress may be attributed [4]. 

What deserves individual attention is vibrational load when a drill bit couples with rock in place, 

which negatively effects a drill string and its equipment. Vibration wears and significantly reduces the 

operating life of downhole equipment. 

There is a range of methods for controlling drill string vibration. They are passive, semi-active and 

active [5]. The passive methods imply that a system does not require external power sources.  

Active control methods imply application of force that is equal and opposite to external vibrations. 

Active drill string vibration control may be divided into control of a well collar and a well bottom-hole, 

and along the whole length of a drill string. Active control systems may set optimum drilling parameters 

to stop vibration. At the same time systems need to include precise measurement systems for ensuring 
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precise control. At present, measurement is performed using various electronic sensors, which reduces 

system reliability in general [6]. Semi-active systems combine advantages of passive and active control. 

To adapt to an optimal structure state, semi-active control systems use passive control equipment which 

requires less power to change parameters and to maintain operational state of a passive system [7]. 

Consequently, the issue of design of precise and reliable control systems for maintaining operational 

reliability and sustainability of drill strings in conditions of vibrational loads is one of the most relevant 

objectives for the well drilling sphere. 

2. Designed system for active control and measurement of vibration in a well 

The authors have designed a system for active control of drill string vibration (Patent No. RU 2705852) 

that is based on continuous control and measurement of drill parameters using a boring pump. 

In pictures 1 and 2, there is a functional diagram of the system for downhole equipment (figure 1) 

and wellhead equipment (figure 2) respectively. 

Figure 1. System for control of drill string vibration (downhole 

equipment): 1 – bit; 2 – downhole motor; 3 – downhole flow meter; 

4 – tachometer; 5 – hydromechanical vibration sensor; 6 – drill 

string. 

Figure 2. System for control of 

drill string vibration (wellhead 

equipment): 7 – boring rig; 8 –

recording device; 9 – transducer; 

10 – control module; 11 –

feedback controller; 12 – boring 

pump; 13 – pump line; 14 – drill 

string spinner. 

Hydromechanical vibration sensor 5 receives a signal from the vibrating bit 1 and/or drill string 6. It 

forms a recorded signal by circulating fluid flow distribution in the cavity of the hydromechanical 

sensor. 

Recorded signal is transmitted either to tachometer 4, which records a change in the number of 

downhole motor 2 rotations or to downhole flow meter 3, which records a change in consumption of 

circulating fluid through the drill string cavity. 
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After that the signal is transmitted using a communication line, for example, acoustic [8] or hydraulic 

[9] to the wellhead and it is received by recording device 8. Then the signal is transmitted to the 

transducer 9. The converted signal is analyzed by the control module 10 using feedback controller 11, 

so a control signal is formed, which is transmitted either to the drill string spinner 14 in order to change 

the number of rotations or to the boring pump 12 in order to change the supply of circulating fluid in the 

drill string. 

By changing these drilling parameters, a drill string and a bit stop vibrating. This system improves 

reliability of obtained data about vibration emergence and its measurement [10]. 

3. Designed sensor for measuring drill string vibration 

To implement the reviewed system hydromechanical vibration sensor is required (figure 3). 

Figure 3. Hydromechanical 

vibration sensor: 1 – body; 2 –

cage; 3 – core; 4 – control 

sleeve; 5, 6 – seal rings. 

The hydromechanical vibration sensor is made of two hollow cylinders that form the body 1 and the 

core 3 which are connected together by a spline joint, and of the cage 2 that forms the cavity between 

the body and its internal wall. In the sensor body and core, there is at least one couple of holes that 

distributes some boring fluid flow to the sensor cavity. 

The sensor method is based on receiving vibration load and changing the core’s position into an 

operational one. In this position, holes in the body and the core get connected, and some circulating fluid 

flow gets distributed from the main cavity of the drill string to the sensor cavity. Consequently, 

instantaneous value of circulating fluid consumption by the downhole motor changes. It is measured by 

the downhole flow meter and the tachometer. 

4. Analysis of the operating shape of the holes in the vibration sensor 

In order to establish the optimal shape and direction of the holes in the hydromechanical sensor, various 

possible situations were analyzed. The hole shapes are depicted in figure 4. 
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Figure 4. Shapes of the holes in the hydromechanical 

vibration sensor: a) round; b) segmental; c) square. 

Circulating fluid flow in the cavity of the hydromechanical vibration sensor in the operational 

position with various hole shapes (figure 4) was modelled. The results obtained using SolidWorks Flow 

Simulation are presented in figure 5. 

Figure 5. Flow velocity distribution in the operational position of hydromechanical vibration sensor 

in various hole shapes: a) round; b) segmental; c) square. 

After analyzing the distribution data, it may be concluded that a preferred hole shape (figure 5 a) is 

the round hole shape, because it gives low velocity in the sensor operational cavity, which contributes 

to holding some of the flow in it. At the same time, the suggested method is better implemented. The 

square hole shape (figure 5 c) is also functional, because the flow distribution is almost identical to the 

one with the round shape holes (figure 5 a). However, it is hard to manufacture equipment with such 

hole shapes. 

The segmental (oval) hole shape (figure 5 b) is less preferred, because when using it velocity in the 

cage cavity is significantly higher than when using the round or square shapes. It is explained by 

significant narrowing of the circulating fluid flow stream. At that hydraulic resistance caused by this 

hole shape significantly affects fluid flow velocity, which is inadmissible for making measurements. 

Additionally, we analyzed possible directions of the holes when the round shape holes are used. The 

results are presented in figure 6. 

Obtained flow distributions show that when input and output holes are horizontal (figure 6 a), there 

are whirls, backlash in the hole section. It reduces the sensor effectiveness. When the input hole is 

horizontal and the bottom hole is tilted (figure 6 b), the situation is similar, which is also rather 

ineffective. When the input hole is tilted and the upper hole is horizontal (figure 6 c), it is more preferable 

in comparison with the previous variants.  
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Figure 6. Distribution of flow velocity in the operating position of the hydromechanical vibration 

sensor when the round shape holes are variously directed. 

However, the bottom hole creates additional hydraulic resistance, which reduces the velocity of the 

main flow and which is not observed when the input and the output holes are tilted (figure 5 a). 

Therefore, the variant shown in figure 5 is the most effective in terms of hole positioning. 

5. Conclusion 

The article describes the system for active control of drill string vibration by changing boring pump rate 

when drilling using a downhole motor. It is shown that the design and use of hydraulic mechanical and 

electric elements in active drill string vibration control and measurement systems are relevant. A 

hydromechanical vibration sensor is offered as a part of the system. Various hole shapes and directions 

were analyzed to establish the optimal sensor shape. For this reason, hydromechanical modelling of 

circulation fluid flow in various possible situations was performed. As the result, a round shape of a 

tilted hole was established to be the optimal variant. 
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