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ABSTRACT

A conveyance apparatus for conveying at least one logging 100l through an earth
formation traversed by a horizontal or highly deviated borehole is disclosed. The
conveyance apparams comprises a pair of arcuate-shaped cams pivotally mounted to a
support member, means for biasing the arcuate surface of each cam into contact with the
borehole wall, and actuators operatively connected to each cam. A logging tool is attached
to the conveyance apparatus. When either acmator is activated in a first direction, the cam
connected to the activated actuator is linearly displaced forward and the arcuate surface of
the cam slides along the borehole wall. When either actuator is activated in a second
direction, the activated actuator pulls the connected cam backwards and the biasing means
thereby urges the arcuate surface of the cam to lock against the borehole wall. Once the cam
is locked, further movement of the actuator propels both the conveyance apparatus and the

logging tool forward along the highly deviated or horizontal borehole.
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METHOD AND APPARATUS FOR CONVEYING A LOGGING TOOL
THROUGH AN EARTH FORMATION

ackgro v
The present invention relates generally to a logging tool conveyance system. and

more panicularly; toa méthod and apparatus for cdnvcying a logging tool through an eanth

formation traversed by a horizontal or highly deviated borehole. '

To economically produce hydrocarbons from a Teservoir, it has become
increasingly common to drill a borehole, through an earth formation, which deviates from
the traditional vertical orientation. The deviation may result from drilling a borehole using
either a sharp or gradually increasing angle away from the vertical axis. The deviation may
also result from drilling a borehole which extends horizontally from the vertical axis. It is
well known in the an to attempt the logging of formations surrounding such deviated or

horizontal boreholes with logging tools lowered into the wellbore on a wireline and/or a

_ cable. Such tools usually depend upon the force of gravity to permit positioning of the tool

within the borehole. However, when the borehole is drilled at a sufficiently high angle, the
force of gravity on the tool and wireline is insufficient to overcome the friction encountered
by the tool and wireline against the highly deviated portion of the borehole wall. Stiff
devices, such as drill pipe and coiled tubing, have been used for conveyance of logging
tools in horizontal and-highly deviated boreholes. Often times, many hours of work are
required to convey logging tools in this fashion. Furthermore, coiled bing conveyance is
limited in reach due to helical buckling. Thus, it has become essential to provide an
economical and expedient means of conveying a logging tool through the horizontal or

highly deviated portion of a borehoie.

N
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The above disadvantages of the prior art are overcome by means of the subject
invention for an apparams and method for conveying at least one logging tool through an

earth formation traversed by a horizontal or highly deviated borehole. The conveyance

-apparatus comprises a pair of arcuate-shaped cams pivotally mounted to a support member,

means for biasing the arcuate surface of each cam into contact with the borehole wall, and
actuators operan‘vely connected to each cam. A logging tool is attached to the conveyance
apparatus. When either actuator is activated in a first direction, the cam connected to the
activated actuator is linearly displaced forward and the arcuate surface of the cam slldes
along the borehole wall. When either actuator is activated in a second direction, the
activated actuator pulls the connectcd cam backwards and the biasing means thereby urges
the arcuate surface of the cam to lock against the borehole wall. Once the cam is locked,
further movement of the actuator propels both the conveyance dpparatus and the logging
tool forward along the highly deviated or horizontal borehole,

The method for conveying at Jeast one logging tool through an earth formation
traversed by a horizontal or highly déviated borehole comprises the step of providing a
conveyance apparatus having a pair of arcuate-shaped cams pivotally mounted to a support
member, means for biasing the arcuate surface of each cam into contact with the borehole
wall, and actuators operatively connected to each cam. At least one loggmg tool is attached
to the conveyance apparatus.

In the preferred embodiment, the pair of cams are simultaneously operated. The
actuator for a first cam is activated 1o displace the first cam in a forward direction.
Simultaneously, the actuator for a second cam is activated to pull the second cam backward
lheréby locking the arcuate portion against the borehole wall and propelling the conveyance
apparatus and logging tool forward, These actions are rcvcrﬁed such that the actuator for
the first cam is activated to pull ﬂxc first cam backward thereby locking the arcuate portion

against the borehole wall and propellihg the conveyance apparatus and logging tool forward

2.
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while the actuator for the second cam is activated to displace the second cam in a forward
direction. These steps are repeated until the logging toql is conveved to a predetermined
position.

In asecond embodiment of the invention, the pair of cams are first simultaneously
operated. The actuator for each cam is simultaneously activated to pull each cam backward
thereby locking the arcuate portions against the borehole wall and ‘ propelling the
conveyance apparatus and logging tool forward. Next, the actuators are sequentially
activated to displace each cam in a forward direction. These steps are repeated until the
logging tool is conveyed to a predetermined position,

In a third embodiment of the invention, one actuator is reciprocated while the other

* actuator remains stationary. The moving actuator is activated to pull the cam’ backward

thereby locking the arcuate portion against the borehole wall and propelling the conveyance
apparatus and Jogging tool forward. The moving actuator is then activated to displace the
cam in the forward direction, These steps are repeated until the logging tool is conveyed to

a predetermined position.

Brief Description of the Drawings

The advantages of the present invention will become apparent from the following

description of the accompanying drawings. It is to be understood that the drawings are to

be used for the purpose of illustration only, and not as a definition of the invention.

In the drawings:
Fig. 1 illustrates a tool string in a deviated borehole:
Fig. 2 illustrates the conveyance apparatus of the subject invention;

Figs. 3a- 3b depict the conveyance apparatus within a small and large

diameter borehole; and,

Figs. da<dc illustrate position, velocity, and force versus time for

continuous movement of a conveyance apparatus having a pair of cams,

3.
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tailed Description of the d iment
Fig. 1 schematically illustrates tool string 10 in a deviated borehole 12. The
borehole 12 is typically lined with steel casing cemented in place 1o the formation and may
further include production tubing. However, it is within contemplation of the subject
invention to have an open hole well. The tool string 10 comprises at least one logging tool
14 amtached by suitable means to a conveyance apparatus 16. The tool string 10 also
includes electronics for supplying power to the conveyance apparatus 16. The tool string

10 is suspended by an armored cable 18. A winch (not shown) is located at the surface

" and is used to lower and raise the tool string 10 in the vertical portion of borehole 12. In a

preferred embodiment of the invention, logging tool 14 is located at a distal end of the tool
string 10 and the conveyance apparatus 16 is located at a‘proximal end of the tool string
10. Alternatively, logging tool 14 is located at a proximal end of the tool string 10 and the
conveyance apparatus 16 is located at a distal end of the tool string 10.

Referring to Fig. 2, the conveyance apparatus 16 comprises an actuator 24 for
linearly displacing cam 20 which is pivotally mounted about a support fra:ﬁe 22. Cam 20
consists of a strong, corrosion and wear resistant material, such as stainless steel. Cam 20
comprises a pair of opposing members 26a and 26b having an arcuate surface and a
means for biasing an arcuate portion of the cam 20 into contact with a wall of the borehole
12. Preferably, the blasmg means comprise a spring 28 placed between each member 26a
and 26b and the support frame 22. Spring 28 may consist of a torsion, extension, or
compression spring. In an altemative embodiment of the invention, spring 28 is placed
between members 26a and 26b to bias the opposing members against each other and into
contact with a wall of borehole 12. Other means for blasmg cam 20 against the borehole
12, including an electro-mechanical or hydraulic system, are within contemplation of this

invention. To further improve the contact between the cam 20 and the borehole 12, cam




15

20

20 may have studded or particle members 29 fixably attached to the arcuate surface. Swds
or particles .29 consist of a nﬁcﬁal having high hardness and abrasiop Tesistance
properties, such as tungsten carbide.

Still referring to Fig. 2, actuator 24 is operatively connected to cam 20. Actuator
24 cémpriscs 2 motor 30 for rotating screw 32. The actuator 24 may further comprise a
reduction gear box 34 disposed between motor 30 and screw 32. Altenatively, actuator
24 may consist of other means for linearly displacing cam 20, including, but not limited
to, a hydraulic piston powered by a motor driven, hydraulic pump. When the motor 30 is
rotated in one direction, screw 32 linearly displaces the cam 20 forward and the arcuate
portion slidingly engages the borehole wall. When the motor 30 is rotated in the opposite
direction, screw 32 pﬁlls cam 20 backward and Jocks the arcuate portion against the
borehole wall 12 and propelling the conveyance apparatus and logging tool forward.

The conveyance apparatus 16 locks or slidingly engages the borehole wall for a

variable diameter borehole 12. Figs. 3a- 3b depict the conveyance apparatus 16 within a
small and large diameter borehole 12. The contact axiglc, 8, is between a point where an

arcuate portion of cam 20 contacts the borehole wall and a kine drawn through the pivot
point 40 and perpendicular to the borehole wall 12. The contact angle required to lock cam

20 against the borehole wall relates to the friction characteristics between cam 20 and the
borehole wall 12. The tangent of the contact angle , ©, must be smaller than the coefficient

of friction between the cam and the borehole wall 12 so that actuator 24 locks cam 20
against the borehole wall. To accommodate 2 variable diameter borehole, the contact angie
Temains constant as cam 20 pivots inwardly or outwardly to accommodate the borehole
diameter.

In a preferred embodimem. the conveyance apparatus 16 comprises a pair of
actuators 24, 24" for linearly displacing cams 20, 20’ which are pivotally mounted about

a support frame 22, 22°. The action of sliding one cam 20 or 20’ forward applies a
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- reaction force against the cénveyémce apparatus 16 and logging too]l 14 tending to move

the apparatus 16 and logging tool 14 backwards. Similarly, tension in the wireline 18
being pulled into a highly deviated or horizontal section of the borehole 12 also tend to
move the apparatus 16 and tool 14 backwards. The other cam 20° or 20, which is locked
against the borehole wall 12 and not sliding forward, prevents backward movement of the
apparatus 16 and logging tool 14.

Figs. da<dc illustrate’ position, velocity, and force versus time for continuous
movement of the preferred conveyance apparatus 16, In the home position, at t=0, the first
actuator 24 is fully extended for a distance approximately equal to the length of screw 32.
Also, in the home position, the second actuator 24’ is fully retracted. In order to convey
the logging 100l 14, a first motor 30 rotates in one direction and retracts screw 32 which
pulls cam 20 backward and locks the arcuate portion against the borehole wall 12 and
propels the conveyance apparatus and logging tool forward. Simultaneously, a second
motor 30’ rotates in one direction and screw 32’ linearly- displaces the cam 20’ forward
and the arcuate portion slidingly engages the borehole wall 12. These actions are then
reversed such that the first motor 30 rotates in the opposite direction and screw 32 linearly
displaces the cam 20 forward and the arcuate portion slidingly engages the borehole wall
12 and simultaneously, the second motor 30’ rotates in the 6pposite direction and retracts
screw 32 which pulls cam 20’ backward and locks the arcuate portion against the borehole
wall and propels the conveyance apparatus and logging tool forward. Figs. 4b-4c show
that the net motion of the conveyance apparatus 16 and logging tool 14 are continuous and
the speed is inversely proportional to the pulling effort thereby reflecting the ability to
supply a limited amount of electrical power via the Qire]ine 18.

In a second embodiment of the invention, the pair of cams 20, 20° are first
operated simultaneously, then sequentially. The actuator 24, 24’ for each cam 20, 20’ is
simultaneously activated to pull each cam 20, 20’ backward thereby locking the arcuate

portions against the bércholc wall 12 and propelling the conveyance apparatus 16 and

-6
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logging tool 14 forward. Nexi, the actuators 24, 24’ are sequentially activated to
displace each cam 20, 20’ ina forward direction. These steps are rcpcau?d\umil the
logging tool 14 is conveyed to a predetermined position.

In a third embodiment of the invention, one actuator 24 or 24° is
rcéiprocated while the other actuator 24 or 24 remains stationary. The moving actuator
24 or 24’ is acnvatcd to pull the cam 20 or 20™ backward thereby locking the arcuate
portion against the borehole wall 12 and propelling the conveyance apparatus 16 and
logging tool 14 forward. The moving actuator 24 or 24’ is then activated to displace the
cam 20 or 20’ in the forward direction. These steps are repeated until the logging tool 14
is conveyed to a predetenﬁined position.

The foregoing description of the preferred and alternate embodiments of the present
invention have been presented for purposes of illustration and description. It is not intended
to be exhaustive or limit the invention to the precise form disclosed. Obviously, many
modifications and variations will be apparent to those skilled in the art. The embodiments

_were chosen and deseribed in order to best explain the principles of the invention and jts
practical application thereby enabling others skilled in the art to understand the invention for v
various embodiments and with various modifications as are suited to the particular use
* contemplated. It is intended that the scope of the invention be defined by the accompanying

claims and their equivalents.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLbWS :
1. An apparatus for conveying at least one logging tool through an earth foymation
traversed by a horizontal or deviated borehole, comprising:
a) a cam mounted to a support member, the cam having means for biasing a
portion of the cam into contact with a wall of the borehole; and,
b) actuator means operatively connected to the cam which,
i) when activated in a first direction, linearly displaces the cam
forward and the portion slidingly engages the borehole wall, and,
it) when activated in a second direction, pulls the cam backward

thereby locking the portion against the borehole wall.

2. The apparatus of claim 1, wherein the conveyance apparatus comprises a pair of

cams, each cam having a respective actuator Means operatively connected to the

cam.

3. The apparatus of claim 1, wherein the cam further comprises a pair of opposing

members mounted to the support member,

4, Th§ apparatus of claim 3 wherein the cam further comprises a pair of biasing

means and a first end of each biasing means is attached to the support member

" and a second end of each biasing means is attached to an opposing member.

5. The apparatus of claim 3 wherein a first end of the biasing means is attached to

one opposing member and a second end of the biasing means is attached to the

other opposing member.

6. The apparatus of claim ] wherein the cam has a plurality of studded members

attached to the portion of the cam.




7. A method for conveying ét least one logging tool through an earth formation
traversed by a horizontal or deviated borehole, the steps comprising:
a) providing the conveyance apparatus of claim 1;
b) connecting the conveyance apparatus to the logging tool;
c) activating the actuator means to pull the cam backward thereby locking the
portion against the borehole wall;
d) activatiné the.acruator means to displace the cam in a forward direction;
and,
€) repeating steps (c) - (d) until the logging tool is conveyed to a
predetermined position.
8. The method of claim 7, wherein the conveyance apparatus has a pair of cams,
each cam having a respective actuator means operatively connected to the cam,
9. The method of claim 8, steps (c) and (d) further comprising:

1) simultaneously activating each actuator means to displace each
cam backward thereby locking the portion against the borehole
wall; and,

if)  -sequentially activating each actuator means to displace each cam in
a forward direction.

10.  The method of claim 8 whérein the pair of cams are simultaneously operated,
steps (c) and (d) further comprising: ‘

i) activating one of the actuators to displace one cam in a forward

direction;
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simultaneously activating the other actuator to pull the other cam
backward thereby locking the portion against the borehole wall:
activating the actuator of step (ii) to displace the cam of step (ii) in
a forward direction; and

simultaneously activating the actuator of step (i) to pull the cam of

step (i) backward thereby locking the portion against the borehole

wall,

The method of claim 8, steps (¢) and (d) further comprising:

urging one cam against the bo.rehole wall;

activating the other actuator to displace the other cam in a forward
direction;

activating the actuator of step (ii) to pull the cam of step (ii)
backward thereby locking the portion against the borehole wall;
and,

repeating steps (i) - (iii) until the logging tool is conveyed to a

predetermined position.

The method of ¢laim 11 wherein the cam of step (i) is urged against the borehole

wall using a biasing means.

DATED THIS 26TH DAY OF AUGUST 1998
SCHLUMBERGER TECHNOLOGY, B.V.
By its Patent Attorneys:

GRIFFITH HACK
Fellows Institute of Patent

‘Attorneys of Australia
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