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SELF RETRACTING WALL CONTACT WELL LOGGING SENSOR

Cross Reference to Related Applications

[0001] The present document is based on and claims priority to United States
Patent Application Serial No.: 15/488,826 filed April 17, 2017, which is

incorporated herein by reference in its entirety.

Statement Regarding Federally Sponsored Research or Development

[0002] Not Applicable

Names of the Parties to a Joint Research Agreement

[0003] Not Applicable.

Background

[0004] This disclosure relates to the field of well logging instruments. More specifically,
the disclosure relates to well logging instruments having sensors disposed in a pad or arm
extending laterally from the instrument housing to make contact with the wall of a

wellbore or the interior of a pipe, casing or tubing.

[0005] Oil and gas exploration and production uses certain types of instruments or tools
lowered into wells drilled through subsurface formations. Such instruments may be
lowered into and withdrawn from a well through a conduit such as drill pipe, tubing and

casing.

[0006] Among these tools, certain types of such well logging tools require having sensors
applied against the borehole wall (or the inner wall of, e.g., a casing) to obtain good

quality measurements. Such sensors may be referred to as “wall contact” sensors.

[0007] Wall contact sensors, for example and without limitation, micro-resistivity,

dielectric, ultrasonic, wheel and nuclear sensor are often fragile and it is important to
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protect the sensors during conveyance through a wellbore, in particular one of the above

mentioned types of pipe, to avoid their destruction or their unnecessary wear.

[0008] Wall contact sensors are typically spring loaded and have an active (power
operated) retraction system. The retraction system may comprise hydraulic pumps and

motors, or electric motors, making them complex assemblies.

Brief Description of the Drawings

[0009] FIG. 1A shows an example embodiment of a self retracting wall contact sensor

being moved into a wellbore through a drill pipe.

[0010] FIG. 1 shows an oblique view of an example embodiment of a self-retracting wall

contact sensor according to the present disclosure.

[0011] FIG. 2 shows the wall contact sensor of FIG. 1 disposed in a pipe having a larger

internal diameter than the unconstrained diameter of the wall contact sensor.

[0012] FIG. 3 shows the wall contact sensor of FIG. 1 moving through a conduit having a

minimum pass through diameter of the wall contact sensor.

[0013] FIG. 4 shows the wall contact sensor of FIG. 1 moving along a bottom side of a

wellbore wherein a wall contact sensor biasing device is fully laterally expanded.

[0014] FIG. 5 shows the wall contact sensor of FIG. 1 moving from a larger internal
diameter passage, such as an uncased wellbore into a smaller diameter passage such as a

drill pipe, casing or tubing.

[0015] FIG. 6 shows the wall contact sensor of FIG. 5 partially disposed within the
smaller diameter passage to illustrate operation of a self retracting mechanism associated

with a wall contact sensor arm.

Detailed Description

[0016] FIG. 1A shows a non-limiting example embodiment of using a wall contacting
well logging instrument where the wall contact well logging instrument is lowered into a

wellbore through a drill pipe and is then extended into open (uncased) wellbore below the
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bottom of the drill pipe. The wellbore 401 is formed in an underground formation 402.
The wellbore 401 may be filled with, e.g., drilling fluid. The wellbore 401 may have an
upper portion provided with a casing 404 extending from a drilling rig (not shown) at the
Earth’s surface 408 into the wellbore 401 to a casing shoe 405, and an open lower portion
407 extending below the casing shoe 405. A conduit, which in the present embodiment
may be a tubular drill pipe 409 containing a body of drilling fluid 410 and having an open
lower end 411, extends from the drilling rig (not shown) into the wellbore 401 whereby
the open lower end 411 is disposed in the open lower wellbore portion 407. A first well
logging instrument 412 capable of being lowered or raised through the drill pipe 409, is
retrievably suspended in the drill pipe 409 by a deployment device (not shown
separately). The well logging instrument 412 may include one or more types of wall
contact well logging sensors, including, for example and without limitation, a formation
imaging sensor, a microresistivity sensor, a dielectric sensor, a nuclear sensor or a nuclear
magnetic resonance sensor. A first such wall contact sensor is shown at 414 as having a
self retracting arm 416. The first well logging instrument 412 may include a fluid
pressure pulse device 418 arranged at the upper end of the first wall contact sensor 414,
whereby the first wall contact sensor 414 extends below the lower end part 411 of the
drill pipe 409 and the pressure pulse device 418 is disposed within the drill pipe 409. The
well logging instrument 412 may be powered by a battery (not shown) and can be
provided with an electronic memory (not shown) or other recording medium for storing

measurement data.

[0017] It is within the scope of this disclosure that any known wall contact well logging
sensor or instrument that can be moved through the inside of a tube or conduit may be
used with a deployment device according to the present disclosure. Such sensors and/or
instruments include, without limitation, acoustic sensors, electromagnetic resistivity
sensors, galvanic resistivity sensors, seismic sensors, Compton-scatter gamma-gamma
density sensors, neutron capture cross section sensors, neuron slowing down length

sensors, calipers, gravity sensors and the like.

[0018] The fluid pressure pulse device 418 has a variable flow restriction (not show)

which is controlled by electric signals transmitted by the imaging tool 414 to the pressure
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pulse device 418, which signals represent part of the data produced by the first well
logging instrument 412 during the making of measurements of the underground
formation 2. The upper end of the deployment device may be provided with a latch 420
for latching of an armored electrical cable (not shown) to the device for retrieval of the

first well logging instrument 412 from the bottom of the drill pipe 409.

[0019] A wellhead 422 may be connected to the upper end of the casing 404 and may be
provided with an outlet conduit 424 terminating in a drilling fluid reservoir 426 provided
with a suitable sieve means (not shown) for removing drill cuttings from the drilling
fluid. A pump 428 having an inlet 430 and an outlet 432 is arranged to pump drilling
fluid from the fluid reservoir 426 into the upper end of the drill pipe 409.

[0020] A control system 434 located at the Earth’s surface is connected to the drill pipe
409 for sending or receiving fluid pressure pulses in the body of drilling fluid 410 to or

from the fluid pressure pulse device 418.

[0021] A second wall contact well logging instrument 100 with a self retracting sensor
arm 110 and a sensing element 112 disposed at the end of the self retracting sensor arm
110 may disposed in and extend from a housing 100 coupled within or at an end of a set
of well logging instruments. This instrument 100 will be identified as the “self retracting

wall contact instrument.”

[0022] The embodiment of the set of devices shown in FIG. 1A may be used, for
example in “through the drill bit” well logging operations, for example and without
limitation as described in U.S. Patent Application Publication No. 2004/0118611 filed by

Runia et al.

[0023] In the description that follows with reference to FIGS. 1 through 6, like
components will be identified by like reference numerals. FIG. 1 shows an oblique view
of the self retracting wall contact instrument 100 in more detail. The functional
components of the self retracting wall contact instrument 100 include a housing 102 that
may be coupled at each longitudinal end 102A, 102B to another well logging instrument,
a cable head, a bullnose or any other device known to be connected to a longitudinal end

of a well logging instrument housing.
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[0024] The housing 102 may comprise open compartments 103, 103A, respectively for
receiving a first passive biasing device 104 such as an arched spring and for receiving a
sensor arm 110. The arched spring 104 and the sensor arm 110 may extend laterally
outward from the housing 102 in opposed directions. In the present context, “passive”
means, with reference to a biasing device, that no power operated elements are used to
operate the passive biasing device. In the case of an arched spring as the first passive
biasing device 104, one end of the arched spring may be attached to the housing 102, in
some embodiments in a longitudinally fixed position, by a pivot pin 107. The other end
of the ached spring 104 may be attached to a coupling 106 that slidably engages an

extension 110A of the sensor arm 110.

[0025] The sensor arm 110 may be pivotably coupled to the housing 102 by a pivot rod
108. A second passive biasing device 109 such as a torsion spring may be fitted over one
or both longitudinal ends of the pivot rod 108 (that extend outwardly from the sensor arm
110) to apply a torque to the sensor arm 110 such that the sensor arm 110 is urged
laterally outward from the compartment 103 A in the housing 102. A wall contact sensor
112 may be affixed to the end of the sensor arm 110 opposed to the extension 110A. In
the present example embodiment, the wall contact sensor 112 may be a wheel used to
make measurement corresponding to amount of motion of the well logging instruments
(FIG. 1A) along the wall of a wellbore or wellbore tubular component. As explained
with reference to FIG. 1A, the wall contact sensor 112 may be any other type of well
logging sensor requiring contact with the wall of the wellbore or wellbore tubular
component. In the case of a wheel sensor, the wheel may comprise integral magnets (not
shown separately) and a sensing coil or magnetometer 112A may be fixed to the
compartment 103A such that rotation of the wheel induces signal pulses in the sensing
coil or magnetometer 112A. Other possible, but non limiting examples of embodiments

of the wall contact sensor 112 have been explained above with reference to FIG. 1A.

[0026] FIG. 2 shows the wall contact instrument 100 wherein there is no contact between
the wall contact instrument 100 and the interior of the wellbore. The wall of the wellbore
is identified by W in FIG. 2. In such condition, the arched spring 104 is fully outwardly

extended such that the slidable coupling 106 is retracted along the sensor arm extension
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110A. Thus, the sensor arm 110 may be fully extended from the housing 102 by the
torque applied by the torsion spring 109. There is no contact between the sensor 112 and

the wellbore W in FIG. 2.

[0027] FIG. 3 shows the wall contact sensor 100 disposed inside a pipe or conduit 116
having diameter between opposed sides of the wall W thereof that is just large enough to
enable passage therethrough of the wall contact sensor 100. For example and without
limitation such wall W may be in a drill pipe, tubing or casing. In FIG. 3, the arched
spring 104 is fully laterally compressed. Compression of the arched spring results in a
radial inwards force being applied by the slidable coupling 106 onto the sensor arm 110.
Urging the slidable coupling 106 against the sensor arm 110 results in a torque applied to
the sensor arm 110 in a direction opposed to the torque applied by the torsion spring 109.
The sensor arm 110 and the wall contact sensor 112 are thereby retracted as shown at R
into the compartment 103A in the housing 102. In such circumstances, there is
essentially no contact between the wall W and the wall contact sensor 112. Thus the wall
contact instrument 100 may be moved through the interior of the conduit 116 without any
contact between the wall W thereof and the wall contact sensor 112. Thus, damage to the
wall contact sensor 112 during such movement may be avoided or the risk thereof may be

reduced.

[0028] FIG. 4 shows an example of the wall contact well logging instrument 100 being
moved along the interior of a wellbore W wherein the internal diameter thereof is large
enough so that the arched spring 104 is at least partially extended from the fully
compressed state shown in FIG. 3. When the arched spring 104 is at least partially
extended, there is insufficient radial inwards force is transmitted to the sensor arm to
cause the sensor arm 110 to retract. In such condition, the torsion spring 109 exerts
sufficient torque on the sensor arm 110 such that the wall contact sensor 112 is urged into

contact with the interior of the wellbore W with a predetermined force F.

[0001] FIG. 5 and FIG. 6 show the wall contact instrument 100 moving from a larger
diameter opening W2 such as an uncased wellbore into a smaller diameter opening W1

such as a wellbore tubing or a drill pipe, or from a wellbore through an opening in a
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specialized form of drill bit described in U.S. Patent Application Publication No.
2004/0118611 filed by Runia et al. to illustrate how the self retracting mechanism
operates to protect the wall contact sensor 112. In FIG. 5, the wall contact instrument
100 is fully disposed in a larger diameter opening W2 wherein the arched spring 104 is
at least partially extended, and thus the sensor arm 110 and the wall contact sensor 112
are urged outwardly by the torsion spring 109. Only the very top portion of the wall
contact instrument 100 is shown entering the smaller diameter opening W1. The wall

contact instrument 100 is moving as indicated by the left-pointing arrow.

[0002] In FIG. 6, as the wall contact instrument 100 moves into the smaller diameter
opening W1 such that arched spring 104 is compressed, such compression causes the
slidable coupling 106 to exert radial inwards force on the sensor arm 110 as explained
with reference to FIG. 3, thereby retracting the sensor arm 110 to the opening 103 A in the
housing 102. The wall contact sensor 112 is correspondingly fully retracted into the
opening 103 A in the housing 102. What may be observed in FIG. 6 is that the sensor arm
110 is fully retracted into the housing 102 before the sensor arm 110 and wall contact
sensor 112 reach the smaller diameter opening W1. Thus, possible damage to the sensor

arm 110 and wall contact sensor 112 may be avoided.

[0003] Although only a few examples have been described in detail above, those skilled
in the art will readily appreciate that many modifications are possible in the examples.
Accordingly, all such modifications are intended to be included within the scope of this

disclosure as defined in the following claims.



WO 2018/195009 PCT/US2018/027859

Claims

What is claimed is:

1. A wellbore wall contact measuring instrument, comprising:

an instrument housing configured to move along an interior of a wellbore;

a wall contact sensor arm connected to the housing through a first biasing device to urge
the wall contact sensor arm outwardly from the instrument housing;

a second biasing device coupled between the instrument housing and the sensor arm; and

a wall contact well logging sensor disposed at an end of the wall contact sensor arm.

2. The instrument of claim 1 wherein the second biasing device comprises an arched
bowspring.
3. The instrument of claim 2 wherein the arched bowspring is coupled to the instrument

housing at one end thereof, a second end of the arched bowspring connected to the sensor

arm.

4. The instrument of claim 3 wherein the sensor arm is coupled to the second end such that

compression of the arched bowspring results in lateral retraction of the sensor arm.

5. The instrument of claim 4 wherein the arched bowspring is connected to the sensor arm
such that compression of the arched bowspring to a selected diameter results in retraction
of the sensor arm and the wall contact sensor to fit entirely within an envelope of the

instrument housing,

6. The instrument of claim 2 wherein the sensor arm comprises an extension at one end and

a main portion at the other end.

7. The instrument of claim 6 wherein a coupling between the second end of the arched

bowspring is slidable along the extension.
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11.

12.

13.

14.

15.
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The instrument of claim 6 wherein the main portion of the sensor arm is pivotally
connected to the instrument housing, and wherein the first biasing device is arranged to

urge the main portion outwardly from the instrument housing.

The instrument of claim 8 wherein the first biasing device comprises a torsion spring.
The instrument of claim 8 wherein the second biasing comprises a bow spring,

The instrument of claim 8 wherein the first biasing comprises a coiled spring.

The instrument of claim 1 wherein the wall contact well logging sensor comprises a

sensor wheel.

The instrument of claim 1 wherein the wall contact well logging sensor comprises a

through drill pipe conveyed sensor.

A method for well logging, comprising:

moving a well logging instrument along an interior of a wellbore, the interior of the
wellbore having a first internal diameter, the well logging instrument comprising
an instrument housing configured to move along an interior of a wellbore, the
well logging instrument comprising a wall contact sensor arm connected to the
housing through a first biasing device to urge the wall contact sensor arm
outwardly from the instrument housing, the well logging instrument comprising a
second biasing device coupled between the instrument housing and the sensor
arm, the well logging instrument comprising a wall contact well logging sensor
disposed at an end of the wall contact sensor arm; and

recording measurements made by the wall contact logging sensor as the wall contact

sensor is moved along the interior of the wellbore.

The method of claim 14 further comprising moving the well logging instrument into an
opening having a smaller internal diameter than the wellbore, whereby the second biasing
device is compressed so as to withdraw the sensor arm inside the housing prior to the

sensor arm entering the smaller internal diameter opening.
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17.

18.

19.

20.
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The method of claim 14 wherein the smaller internal diameter opening comprises a drill

pipe.

The method of claim 16 further comprising: conveying the well logging instrument into
the wellbore when the well logging instrument is fully disposed inside the drill pipe;
extending the well logging instrument out of the drill pipe through a bottom end of the
drill pipe; and withdrawing the well logging instrument into the drill pipe after making

measurements along a selected length of the wellbore.
The method of claim 14 wherein the first biasing device comprises a torsion spring.
The method of claim 14 wherein the second biasing device comprises an arched spring.

The method of claim 14 wherein the wall contact sensor comprises a wheel.

10
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