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METHOD AND APPARATUS TO VIBRATE A 
DOWNHOLE COMPONENT BY USE OF 

ACOUSTIC RESONANCE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims priority from Provisional 
Application No. 60/272,647 ?led Mar. 1, 2001. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The invention relates to methods and apparatus to 
vibrate a doWnhole component. 

[0004] 2. Description of the Related Art 

[0005] To prepare a Well for production of hydrocarbons, 
various operations are performed, including drilling and 
completion operations. In drilling a Well, a drill bit is carried 
on the end of a drill pipe. In completing a Well, various 
operations may be performed by carrying tools doWn on a 
tubing string (e.g., a coiled tubing or jointed pipe). As used 
here, the term “tubing string” is used to denote a rigid carrier 
or conveyance mechanism, such as a coiled tubing or drill 
pipe, that can be used to carry tools or ?uids into a Wellbore. 

[0006] For a given Well, the reach of a tool carried on a 
tubing string is limited by the propensity of the tubing string 
to lock up. As a tubing string is run into a Wellbore, it has 
to overcome the frictional force betWeen itself and the Wall 
of the Wellbore. The longer the length of the tubing string 
that is run into the Wellbore, the greater the frictional force 
that is developed betWeen the tubing string and the Wellbore 
Wall. When the frictional force becomes large enough, it Will 
cause the tubing string to buckle, ?rst into a sinusoidal shape 
and then into a helical shape. After helical buckling occurs, 
continuing to run the tubing string into the Wellbore Will 
eventually lead to a stage Where further pushing of the 
tubing string Will not result in further advancement of the 
tubing string. Such a stage is referred to as tubing string 
lockup. The depth of a tubing string lockup de?nes the 
maximum depth a tool can be delivered into the Well. 

[0007] Various factors affect (directly or indirectly) the 
maximum depth that a tubing string can be run into a 
Wellbore. One factor is the friction coef?cient betWeen the 
tubing string and the Wellbore. Another factor is the normal 
contact force betWeen the tubing string and the Wellbore, 
Which is dependent on the Weight of the tubing string and the 
stiffness of the tubing string. Generally, a loWer friction 
coef?cient or loWer tubing string Weight usually indicates 
that the tubing string can extend further into the Wellbore. 
Also, higher bending stiffness tends to delay the occurrence 
of buckling, Which may extend the reach of the tubing string 
into the Wellbore. 

[0008] Although useful in any Wellbore, extending the 
reach of tubing strings into a Wellbore has particular appli 
cation in deviated or extended reach Wells, for example. In 
recent years, many deviated or extended reach Wells have 
been drilled to facilitate the recovery of hydrocarbons. 
Extended reach Wells have been proven to signi?cantly 
increase the recovery rate of hydrocarbon While reducing its 
associated cost. In general, the deeper one can drill or 
service extended reach Wells, the higher the economic 
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bene?t. Despite many technical advances in the area of 
extended reach technology, it remains a technical challenge 
to drill or service an extended reach Well. 

[0009] Various solutions have been attempted or imple 
mented to extend the reach of a tubing string in a Wellbore. 
One is to reduce the contact force betWeen the tubing string 
and the Wellbore, such as by using different ?uids inside and 
outside the tubing string to reduce the buoyancy Weight of 
the tubing string or by using a more lightWeight material for 
the tubing. Another technique is to delay or prevent the onset 
of helical buckling, Which can be achieved by using larger 
diameter tubing. HoWever, this increases the Weight of the 
tubing string and reduces ?exibility. Yet another approach 
uses a tractor to pull the end of tubing string into the Well. 
Other approaches employ vibration to aid in friction reduc 
tion. 

[0010] HoWever, despite the various solutions that have 
been proposed or implemented, a need continues to exist for 
an improved method and apparatus to improve the reach of 
a tubing string in a Wellbore. 

BRIEF SUMMARY OF THE INVENTION 

[0011] In general, according to one embodiment of the 
invention, an apparatus for generating a vibration in a tool 
string comprises a housing for storing ?uid and adapted to 
be coupled to the tool string. Adevice is adapted to generate 
an acoustic resonance in the ?uid, With the acoustic reso 
nance in the ?uid to create vibration in the tool string. 

[0012] Other or alternative features Will become apparent 
from the folloWing description and draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] FIG. 1 illustrates an embodiment of a tool attached 
to a tubing string in a Wellbore, the tubing string including 
one or more vibration devices. 

[0014] FIG. 2 illustrates an acoustic resonance vibration 
device in accordance With an embodiment of the invention. 

[0015] FIG. 3 is a block diagram of some components of 
the acoustic resonance vibration device of FIG. 2. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0016] In the folloWing description, numerous details are 
set forth to provide an understanding of the present inven 
tion. HoWever, it Will be understood by those skilled in the 
art that the present invention may be practiced Without these 
details and that numerous variations or modi?cations from 
the described embodiments may be possible. 

[0017] As used here, the terms “up” and “doWn”; 
“upWard” and “doWnWard”; “above” and “beloW”; and other 
like terms indicating relative positions above or beloW a 
given point or element are used in this description to more 
clearly describe some embodiments of the invention. HoW 
ever, When applied to apparatus and methods for use in Wells 
that are deviated or horiZontal, such terms may refer to a left 
to right, right to left, or other relationship as appropriate. 

[0018] Referring to FIG. 1, a tubing string includes a tool 
18 carried on a tubing or pipe 14 (hereinafter referred to as 
“tubing” or “tubular conduit” or “tubular structure”) into a 



US 2002/0148606 A1 

Wellbore 10. In another embodiment, the structure that 
carries the tool 18 into the Wellbore does not need to be 
tubular, but rather can be any other shape that is suitable for 
use in the Wellbore as a rigid carrier or conveyance structure. 
As used here, a carrier structure is considered to be “rigid” 
if a conveyance force can be applied at one end of the carrier 
structure to move it doWnWardly into the Wellbore. A rigid 
carrier structure is contrasted to non-rigid carrier structures 
such as Wirelines or slicklines. 

[0019] The Wellbore 10 is lined With a casing 12, and has 
a generally vertical section as Well as a deviated section 20. 
In other embodiments, the Wellbore 10 can be a generally 
vertical Well, a deviated Well, or a horiZontal Well. 

[0020] In accordance With some embodiments of the 
invention, one or more vibration devices 16 are mounted on 
the tubing string. In the illustrated example of FIG. 1, tWo 
vibration devices 16a and 16b are illustrated. In other 
examples, a single vibration device or more than tWo vibra 
tion devices may be used. By imparting vibration onto the 
tubing string, the maximum depth reachable by the tubing 
string in the Wellbore 10 can be extended. Vibration of the 
tubing string helps to reduce the friction coef?cient betWeen 
the tubing string and the inner Wall of the Wellbore. 

[0021] Referring to FIG. 2, in accordance With one 
embodiment of the invention, the vibration device 16 
includes an acoustic resonance apparatus that generates 
vibration in the tubing string by creating resonance acoustic 
oscillations in ?uid contained Within a housing section 106. 
The upper end of the housing section 106 is connected to a 
tubing string 108, Which in one example is coiled tubing. 
Alternatively, the housing section 106 may be connected to 
a doWnhole component. In yet another embodiment, the 
vibration device 16 may be attached at some other location 
along the tubing string 108 (instead of at the end of the 
tubing string 108). In the illustrated arrangement, the loWer 
end of the housing section 106 is coupled to a controllable 
pulser 100, such as a phase-controlled pulser. A controller 
105 regulates the frequency of the pulser 100. Example 
pulser systems include those described in US. Pat. Nos. 
4,847,815 and 5,375,098, Which are incorporated herein by 
reference. 

[0022] An intermediate housing section 102 is coupled 
betWeen the pulser 100 and the housing section 106. One or 
more sensors 103 may be attached to the intermediate 
housing section 102 to measure acoustic oscillations created 
in the ?uid contained Within housing sections 102 and 106. 
The sensors 103 communicate the measurements to the 
controller 105, Which adjusts the frequency of the pulser 100 
in response to the measurements to create acoustic Waves 
Within the vibration device 16. 

[0023] A block diagram shoWing the electrical intercon 
nection betWeen various components of the vibration device 
16 is illustrated in FIG. 3. Measurements collected by the 
sensors 103 are communicated as signals over communica 
tions line(s) 120 to the controller 105. The controller 105 
contains a microprocessor, microcontroller, or other control 
device 124 to receive and process the measurements from 
the sensors 103. A memory or storage device 126 in the 
controller 105 stores instructions or data that are accessible 
by the control device 124. Based on the received measure 
ments, the controller 105 generates signals communicated 
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over communications line(s) 122 to the pulser 100. The 
signals carry control information to adjust the operating 
frequency of the pulser 100. 

[0024] Referring again to FIG. 2, a re?ector 109 is located 
at an upper end of the housing section 106. The re?ector 109 
generates a re?ection for an acoustic Wave (created by the 
pulser 100) traveling in the housing section 106. An ori?ce 
107 in the re?ector 109 alloWs communication of ?uid from 
the tubing string 108 into the vibration device 16. In 
addition, ?uid can ?oW from the housing section 106 into the 
tubing string 108 through the ori?ce 107, Which creates a 
pressure drop in the housing section 106. 

[0025] In one embodiment, the inner cross-sectional area 
of the housing section 106 is larger than the inner cross 
sectional area of the tubing string 108. The housing section 
106 has an inner diameter D1, and the tubing string 108 has 
an inner diameter D2 that is less than D1. The signi?cance 
of the different cross-sectional areas is discussed beloW. 

[0026] A characteristic (9») of the re?ector 109 is de?ned 
as 

2A p (Eq- 1) 

pcV 

[0027] Where p is the density of the ?uid inside the 
housing section 106, Ap is the mean pressure drop across the 
re?ector 109, c is the speed of sound in the ?uid Within the 
housing section 106, and V is the mean ?oW velocity beloW 
the re?ector 109. The re?ector coef?cient R for the ?uid 
beloW the ori?ce 107 is given by 

[0029] A1 is the ?uid ?oW area beloW the ori?ce 107 (inner 
cross-sectional area of housing section 106), and At is the 
?uid ?oW area above the ori?ce 107 (inner cross-sectional 
area of the tubing string 108). 

[0030] Eq. 2 indicates that the re?ection coef?cient R can 
be increased by either increasing the pressure drop (Ap) 
across the ori?ce 107 or increasing the cross-sectional ?uid 
?oW area beloW the ori?ce 107 With respect to the cross 
sectional ?uid ?oW area above the ori?ce 107. An increase 
in the value of the re?ection coefficient R indicates that the 
re?ector 109 is able to re?ect a larger percentage of the 
acoustic Wave energy traveling in the ?uid contained in the 
housing section 106. This enhances the ability to achieve 
acoustic resonance Within the housing section 106. 

[0031] The frequency of operation of the pulser 100 is set 
to correspond to a resonance frequency of the ?uid Within 
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the housing section 106. The resonance frequency is a 
function of the ?uid properties and the geometry of the 
housing, and thus it can be adjusted by different ?uids or 
changing the length of the housing. 

[0032] The use of resonance ampli?es the dynamic pres 
sure drop achievable by the pulser 100. If P is the pressure 
drop across the pulser 100 Without acoustic resonance, 0t is 
the re?ection coef?cient of the re?ector 109, and [3 is the 
re?ection coef?cient of the pulser 100, then the resonance 
pressure drop PI through ori?ce 107 is calculated as 

P (Eq. 3) 

[0033] The values of the parameters 0t and [3 are derived 
by calculating R using Eq. 2. As an example, if (X=0.8, 
[3=0.9, then PI=3.6P, Which corresponds to about a 260% 
increase in pressure pulse magnitude by using the re?ector 
109 and a control system for adjusting the frequency of the 
pulser 100 (as compared to an apparatus that does not use the 
re?ector 109). 

[0034] While frequency of operation can be estimated in 
advance, the signals from the pressure sensors 103 are used 
to ?ne-tune the acoustic resonance apparatus. Since the 
distance betWeen the pulser 100 and the sensors 103 and the 
distance betWeen the pulser 100 and re?ector 109 are 
knoWn, the travel time betWeen the pulser 100 and the 
re?ector 109 can be calculated and from this the period of 
the desired resonance. If this period is shorter than the 
current operating period, then the operating frequency of the 
pulser 100 is increased accordingly; if the period is longer, 
then the operating frequency of the pulser 100 is decreased. 

[0035] In operation, a tubing string (such as the one shoWn 
in FIG. 1) is loWered into the Wellbore 10, With the tubing 
string coupled to at least one acoustic resonance apparatus. 
As used here, “coupled” means directly connected or 
attached, or indirectly connected or attached through one or 
more other elements. The acoustic resonance apparatus may 
be activated at the Well surface, or alternatively, the acoustic 
resonance apparatus is activated once a tool reaches a 
predetermined depth at Which vibration of the tubing string 
is deemed useful. 

[0036] Once activated, acoustic Waves are generated in the 
?uid contained in the housing section 106. Aportion of the 
acoustic Wave energy is re?ected by the re?ector 109. 
Sensors 103 detect the delay time periods betWeen acoustic 
Waves (those generated and those re?ected), With measure 
ments communicated to the controller 105. Based on the 
measurements, the controller 105 is able to vary the oper 
ating frequency of the pulser 100 to achieve acoustic reso 
nance in the ?uid. 

[0037] The coef?cient of re?ection of the re?ector 109 is 
controlled by selecting the ?oW area on the opposing sides 
of the ori?ce 107. In addition, the coef?cient of re?ection is 
controlled by varying the density of the ?uid in the housing 
section 106. 

[0038] While the invention has been disclosed With 
respect to a limited number of embodiments, those skilled in 
the art Will appreciate numerous modi?cations and varia 
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tions therefrom. It is intended that the appended claims 
cover such modi?cations and variations as fall Within the 
true spirit and scope of the invention. 

What is claimed is: 
1. An apparatus for generating a vibration in a tool string, 

comprising: 

a housing for storing ?uid and adapted to be coupled to 
the tool string; and 

a device adapted to generate an acoustic resonance in the 

2. The apparatus of claim 1, Wherein the device is adapted 
to create an acoustic Wave in the ?uid, the apparatus further 
comprising a re?ector to re?ect the acoustic Wave to gen 
erate the acoustic resonance. 

3. The apparatus of claim 2, Wherein the device comprises 
a pulser. 

4. The apparatus of claim 2, Wherein the re?ector com 
prises an ori?ce. 

5. The apparatus of claim 4, Wherein the housing de?nes 
a ?rst ?oW area on a ?rst side of the ori?ce, the apparatus 
further comprising a conduit on a second side of the ori?ce, 
the conduit having a second ?oW area that is less than the 
?rst ?oW area. 

6. The apparatus of claim 5, Wherein a ratio of the ?rst and 
second ?oW areas has a predetermined value to determine a 
re?ection coef?cient of the re?ector. 

7. The apparatus of claim 6, Wherein the ?uid has a 
predetermined density to determine the re?ection coef?cient 
of the re?ector. 

8. The apparatus of claim 1, further comprising at least 
one sensor to measure timing of acoustic Wave propagation 
in the ?uid. 

9. The apparatus of claim 8, further comprising a con 
troller adapted to receive measurement signals from the at 
least one sensor, the controller further adapted to control the 
device. 

10. The apparatus of claim 9, Wherein the device com 
prises a pulser. 

11. The apparatus of claim 10, Wherein the controller is 
adapted to adjust the frequency of the pulser. 

12. A method for use in a Wellbore, comprising: 

coupling an acoustic resonance device to a tubing string; 

running the tubing string into a Wellbore; and 

activating the acoustic resonance device to generate a 
vibration in the tubing string. 

13. The method of claim 12, further comprising generat 
ing an acoustic Wave in ?uid contained in a housing section. 

14. The method of claim 13, further comprising providing 
a re?ector in the acoustic resonance device to re?ect the 
acoustic Wave. 

15. The method of claim 14, Wherein activating the 
acoustic resonance device comprises achieving acoustic 
resonance in the ?uid. 

16. The method of claim 15, further comprising providing 
an ori?ce in the re?ector and selecting ?oW areas on 
opposing sides of the ori?ce to achieve a re?ection coef? 
cient of the re?ector. 

17. The method of claim 16, further comprising selecting 
a ?uid having a predetermined density to control the re?ec 
tion coef?cient of the re?ector. 
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18. A string for use in a Wellbore, comprising: 

a carrier structure; and 

an acoustic resonance device coupled to the carrier struc 
ture, the acoustic resonance device adapted to generate 
a vibration in the carrier structure. 

19. The string of claim 18, Wherein the acoustic resonance 
device comprises a housing section and an acoustic Wave 
generating device, the housing section containing a ?uid and 
the acoustic Wave generating device adapted to generate an 
acoustic Wave in the ?uid. 
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20. The string of claim 19, Wherein the acoustic resonance 
device further comprises a re?ector to re?ect the acoustic 
Wave. 

21. The string of claim 20, Wherein the re?ector comprises 
an ori?ce. 

22. The string of claim 21, Wherein the housing section 
de?nes a ?rst ?oW area on one side of the ori?ce, the string 
further comprising a conduit de?ning a second ?oW area on 
the other side of the ori?ce, the second ?oW area being less 
than the ?rst ?oW area. 

* * * * * 


