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[57] ABSTRACT

A logging-while-drilling tool which is adapted to be
positioned within the drill string of a well drilling ap-
paratus. The tool has a turbinelike, signal-generating
valve which opens and closes at a rate to generate a
pressure wave signal in the drilling fluid which is rep-
resentative of a measured downhole condition. The
tool includes a means for both biasing the valve
toward an open position and holding it there when the
tool is not operating and for canceling or substantially
reducing the torque loads applied to the drive train of
the tool when the tool is operating. This means com-
prises a magnetic unit which develops a magnetic
torque characteristic which opposes the normal hy-
draulic torque characteristics of the valve.

8 Claims, 5 Drawing Figures
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1
LOGGING-WHILE-DRILLING TOOL

BACKGROUND OF THE INVENTION

The present invention relates to a logging-while-

drilling tool and more particularly relates to a logging-
while-drilling tool which has a means both to bias the
signal-generating valve of said tool toward an open po-
sition when the tool is not operating and to reduce the
torque loads which are applied to the drive train of said
tool when the tool is operating.
. The desirability of a system which is able to measure
downbhole drilling parameters and/or formation charac-
teristics and transmit them to the surface while actual
drilling of an earth well is being carried out has long
been recognized. Several such systems have been pro-
posed and are commonly referred to as “‘logging-while-
drilling” systems. In logging-while-drilling systems, one
of the major problems exists in finding a means for tele-
metering the information from a downhole location to
the surface and having it arrive in a meaningful condi-
tion.

In this regard, it has been proposed to telemeter the
desired information by means of a pressure wave signal
generated in and transmitted through the circulating
mud system normally associated with rotary drilling
operations. The pressure wave signal which is represen-
tative of a particular piece of desired information is
generated in the mud downhole near the bit by a single-
generating valve and the wave travels up the hole
through the mud to a signal processor at the surface.
One logging-while-drilling system utilizing this tech-
nique of telemetry is disclosed and fully described in
U.S. Pat. No. 3,309,656 to John K. Godbey, issued
Mar. 14, 1967. -

In a logging-while-drilling tool of the type disclosed
in U.S. Pat. No. 3,309,656, a turbinelike, signal-
generating valve is positioned in the circulating mud
path near the drill bit. The valve is comprised of a sta-
tor and a rotor, each having openings therethrough
_ which when aligned allow full flow of drilling mud
through the valve. When the openings are misaligned,
the flow therethrough is at least partially blocked. A
motor in the tool is energized in response to a measured
piece of information to open and close the valve at a
rate producing a pressure wave in the mud which is rep-
resentative of said measured information.

However, in logging-while-drilling tools of this type,
the signal-generating valve normally develops certain
hydraulic torque characteristics as a function of the
flow rate through the valve which tend to force the
valve to its closed position. This creates problems as
drilling mud is pumped down the drill string and
through the valve before the tool begins operation and
the motor begins to power the valve. Due to the com-
position of standard drilling mud, solid material is nor-
mally present therein which tends to strain out of the
mud as it is forced through restricted passages in the
valve which are present when the valve is in its closed
position. This solid material may continue to collect in
the valve and does present a real problem in that it may
plug the valve to such an extent that the valve cannot
be opened by the motor when operation of the tool is
commenced.

Also, due to the construction of this type of valve, the
drive train of the tool which couples the motor to the
valve experiences substantial torque loads while the
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tool is operating. These loads can cause considerable
wear on the drive train which may eventually lead to
failure of the tool.

SUMMARY OF THE INVENTION

The present invention provides an improved logging-
while-drilling tool of the type described above which
includes a means for biasing and maintaining the signal-
generating valve in an open position when the tool is
not operating. The means of the present invention also
cancels or substantially reduces torque loads normally
applied to the drive train of the tool during operation.

Structurally, the tool of the present invention is com-
prised of a housing which is mounted within the central
passage of a drill collar. This drill collar is adapted to
be connected into and form a portion of a drill string
of an earth drilling apparatus. The tool housing carries
a rotary turbinelike, signal-generating valve which is
positioned so that at least a portion of the drilling fluid
flowing through the drill string will pass through the
valve. The valve is comprised of a stator which is af-
fixed to the housing and a rotor which is carried by a
rotating drive train extending from a motor within the
housing. Both the rotor and stator have openings
therein which when aligned (i.e., open position) allow
full flow through the valve and when misaligned (i.e.,
closed position) block at least a portion of the flow
therethrough.

To insure that full flow through the valve will be per-
mitted while the tool is-in an inoperable or off condi-
tion, the present invention includes a means for biasing
the valve toward an open position and for holding it
there when the tool is not in operation. This means is
comprised of a magnetic unit which has a magnet at-
tached to the tool housing and a cooperating magnetic
element attached to the drive train of the tool. The unit
develops magnetic torque characteristics which are
greater than the hydraulic torque characteristics of the
valve when the tool is not operating so that the valve
will be biased toward and held in its open position when
the tool is not operating.

The hydraulic torque characteristic of the valve is an
increasing function of the flow rate through the valve.
Since the maximum flow rate will normally occur dur-
ing operation of the tool, the torque characteristic of
the unit is designed to be roughly equal to the hydraulic
torque at this operating flow rate. By positioning the
unit so that the magnetic torque is 180° out of phase
with the hydraulic torque, the resulting torque applied
to the drive train at any time during operation will be
negligible.

BRIEF DESCRIPTION OF THE DRAWINGS

The actual construction, operation, and the apparent
advantages of the invention will be better understood
by referring to the drawings in which like numerals
identify like parts and in which:

FIG. 1 is a schematic elevation of a rotary drilling ap-
paratus including in vertical section a well containing
a drill string in which the present invention is em-
ployed;

FIG. 2 is a schematic elevation, partly in section, of
a portion of the drill string of FIG. 1, having a logging-
while-drilling tool mounted therein in accordance with
the present invention;
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FIG. 3 is a detailed sectional view of one modifica-
tion of the upper portion of FIG. 2 illustrating the pres-
ent invention;

FIG. 4 is a sectional view taken along section line
4—4 of FIG. 3; and

FIG. 5 is a sectional view taken along section line
5—5 of FIG. 3.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Referring more particularly to the drawings, FIG. 1
discloses the present invention as used in a logging-
while-drilling system which is incorporated in a rotary
drilling apparatus. A derrick 21 is disposed over a well
22 being formed in the earth 23 by rotary drilling. A
drill string 24 is suspended within the well and has a
drill bit 27 at its lower end and a kelly 28 at its upper
end. A rotary table 29 cooperates with kelly 28 to ro-
tate string 24 and bit 27. A swivel 33 is attached to the
upper end of kelly 28 which in turn is supported by
hook 32 from a traveling block (not shown). This ar-
rangement not only supports the drill string 24 in an op-
erable position within well 22 but also forms a rotary
connection between the source of circulating drilling
fluid, such as mud, and the drill string 24. It should be
understood that *‘mud” as used throughout this disclo-
sure is intended to cover those fluids normally used in
rotary drilling operations.

The pump 36 transfers drilling mud from a source,
such as pit 34, through desurger 37 into mudline 38.
Desurger 37 is adapted to reduce the pulsating effect
of pump 36 as is well known in the art. The mud flows
through mudline 38, flexible hose 39, swivel 33, drill
string 24, and exits through openings (not shown) in
drill bit 27 to pass outwardly into well 22. The mud
then circulates upward carrying drill cuttings with it
through the annulus between the well and drill string 24
to the surface of the earth 23. At the surface, well head
41 is secured to casing 40 which is cemented in the well
22. Pipe 42 is connected to casing 40 for returning the
mud to pit 34.

As schematically illustrated in FIGS. 1 and 2, a log-
ging-while-drilling tool 46 is located in drill collar 26
which forms a part of the lower end of drill string 24
near bit 27. Tool 46 has a motor-actuated, signal-
generating, rotary valve which periodically interrupts
at least a portion of the drilling fluid flowing through
the valve to thereby generate a pressure wave in the
fluid which is representative of a measured downhole
condition. This is the type of logging-while-drilling tool
which is disclosed and described in U.S. Pat. No.
3,309,656 to John K. Godbey. The present invention is
directed to a means for holding the valve in an open po-
sition when the tool is not operating and for reducing
torque loads on the drive train of the tool when the tool
is operating. However, in order to fully understand and
appreciate the present invention, a brief description of
the entire tool 46 will be helpful.

A transducer means which is capable of measuring a
desired downhole condition and converting the mea-
surement to an electrical signal is positioned downhole
on or near tool 46. As illustrated, transducer means 54,
e.g., a strain guage, is positioned on drill collar 26 to
measure the downhole weight on bit 27. The signal
from transducer means 54 is applied to electronic
package 53 which is sealed in compartment 48 of tool
housing 46a. For an example of such an electronic

20

25

30

35

60

4

package, see U.S. Pat. No. 3,309,656. Circuitry in
package 53, in response to the signal from means 54,
allows a defined amount of power from electric power
generator 50 in compartment 49 of housing 46a to flow
to the variable speed, electric motor 55 in compart-
ment 47 of housing 46a. A turbine 52 driven by the
mud flow rotates generator 50 to produce electrical
power. Motor 55, in response to the amount of electric-
ity passing through package 53, will drive rotor 61 of
signal-generating valve 60 through drive train 56 at the
rotational speed necessary to generate a pressure wave
signal in the mud which is representative of the mea-
sured condition.

Referring now to the more detailed representation in
FIG. 3, signal-generating valve 60 is comprised of a
rotor 61 and a stator 62. Rotor 61 is fixed on shaft 63
of drive train 56 by means of tapered bushing 64 and
nut 65. Shaft 63 is journaled in housing 46a by means
of bearings 66. Seal 67 around shaft 63 seals the inter-
jor of housing 46a against the influx of drill mud. Pref-
erably, both rotor 61 and stator 62 contain the same
number of identical spaced slots, 61a, 624, respectively
(FIG. 5), each of the slots being of equal area. Valve
60 is in an “‘open position” when the slots are aligned
and is in a “closed position” when the slots are com-
pletely misaligned. When valve 60 is in a closed posi-
tion, the only flow through the valve is that which
passes through gap 70 and bypass 71. Gap 70, as can
best be seen in FIG. 3, is that distance between the bot-
tom surface of rotor 61 and the top surface of stator 62.
Bypass 71 (FIGS. 3 and 5) is that distance between the
outer periphery of rotor 61 and the wall of the conduit
adjacent the rotor. The outer diameter of stator 62 is
effectively the same as the interior diameter of the con-
duit.

When there is flow through valve 60 but before gen-
erator 50 develops sufficient power to operate tool 46,
the torque characteristics of vaive 60 tend to force it to
its closed position. Therefore, when drill string 24 is
lowered into the well and mud is flowed through tool
46 to rotate turbine 52 at a speed sufficient to generate
the necessary power for the tool, the mud must flow
through the restrictive passages in valve 60 formed by
bypass 71 and gap 70. Since drilling mud normally con-
tains solid materials which tend to strain out within the
restricted passages of the closed valve, a serious prob-
lem of plugging exists. If valve 60 becomes plugged to
the extent that it cannot be opened when motor 55
commences operation, the entire drill string 24 has to
be removed to unplug valve 60 before tool 46 can oper-
ate.

Furthermore, due to the construction of valve 60, hy-
draulic torque loads are applied to drive train 56 as
motor 55 rotates valve 60 between its open and closed
positions during operation of tool 46. These constantly
reversing torque loads can cause considerable wear on
the drive train which may lead to any early failure of
tool 46.

The present invention provides a means for tool 46
which both biases valve 60 toward its open position and
holds it there when tool 46 is not operating and, at the
same time, cancels or substantially reduces the torque
loads normally applied to drive train 56 during opera-
tion of tool 46. The means of the present invention is
preferably a magnetic unit 75 which is comprised of
magnet 76 and magnetic element 77. Magnetic element
77, as illustrated, is of cylindrical shape having a re-
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cessed midportion and raised ends 774 and 77b and is
affixed to shaft 63 for rotation therewith by means of
key 80 and set screw 81. Magnet 76 has a configuration
which mirrors that of magnetic element 77. Magnet 76
may be constructed in one piece although it is illus-
trated as being comprised of three members, 76a, 76b,
76c. Member 76a and end 77a are “toothed” as shown
in FIG. 5 to provide attracting poles 78, 79, respec-
tively, between magnet 76 and magnetic element 77.
As illustrated, both 76a and 77a have 10 poles which
correspond to the number of slots in both rotor 61 and
stator 62 (FIG. 4) thereby providing ten stable posi-
tions for valve 60 in which it will be in'an open position.
The magnetic unit 75 is comprised of material, e.g., Al-
nico, which will retain magnetism for long periods
.while housing 46a is comprised of a relatively nonmag-
netic material, e.g., Monel.

To assemble the upper portion of tool 46, unit 75
preferably having a “keeper shaft” (not shown)
through the central passage in magnetic element 77 is
placed in an electrical coil and magnetized. Unit 75,
now held together by magnetic force, is then slipped
over shaft 63 which in turn displaces the keeper from
element 77 as unit 75 is moved into place over key 80.
Set screw 81 is tightened through hole 85 in member
76b to further affix magnetic element 77 to shaft 63.
Next, shaft 63, unit 75, and upper housing element 465
are positioned within housing 46a, and 46b is secured
thereto. Shaft 63, which carries entire unit 75, is ro-
tated to align magnet 76 with openings in housing 46a
so screws 86 (only one shown) can be inserted to se-
cure magnet 76 to housing 46a. Stator 62 is rotated on
threads on upper housing element 46b so that the slots
in stator 62 are aligned with the slots in rotor 61,
thereby positioning valve 60 in an open position. Set
screw 87 is tightened to secure stator 62 against rota-
tion during operation of tool 46. It can now be seen that
when the poles of 76a and 77a are aligned in any of ten
possible positions, valve 60 will be in an open position.

To insure that valve 60 will be held in its open posi-
tion when tool 46 is not operating, it is only necessary
to design unit 75 so the magnetic torque of same ex-
ceeds the hydraulic torque characteristics of valve 60
which exist when tool 46 is not operating. However, in
addition to the above, the present invention is designed
to cancel or substantially reduce the hydraulic torques
normally applied to drive train 56 while tool 46 is oper-
ating.

The hydraulic torque characteristics of valve 60 in-
crease as a function of the flow rate through the valve
so that in tool 46, maximum flow rate through valve 60
will normally occur during actual drilling operations, at
which time tool 46 will be operating. Therefore by de-
signing unit 75 for this flow rate, there will always be
sufficient magnetic torque to hold valve 60 open until
tool 46 begins operation. The nominal flow rate of mud
which will be used during a particular drilling operation
is generally known and varies very little unless emer-
gencies arise during drilling. The hydraulic torque
characteristics of valve 60 which occur at this nominal
flow rate can be determined by bench tests and the
magnetic torque characteristic of unit 75 is designed to
roughly equal those torques of valve 60 during these
operating conditons. By positioning unit 75 as de-
scribed above, the magnetic torque applied to drive
train 56 will be 180° out of phase with the hydraulic
torque applied to drive train 56 by the operation of
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6
valve 60. If the two torques are substantially equal, the
resulting torque applied to drive train 56 at any time
during operation will be negligible. Also, by effectively
canceling the torques on drive train 56, motor 55 will
be operating under essentially no-load conditions,
thereby allowing less powerful motors to be used in tool
46.

Since it is not critical that all torques on drive train
56 be exactly canceled, changes from the nominal flow
rate can be tolerated. Motor 55 is designed to have suf-
ficient power to overcome any positive hydraulic or
magnetic torques which might normally occur during
drilling due to changes in flow rate of the mud. How-
ever, even at varying flow rates, the reduction in ap-
plied torques on drive train 56 due to the counterbal-
ancing effects of the hydraulic and magnetic torques is
highly beneficial.

In unit 75, as illustrated, magnetic torque is a func-
tion of the opposed surface areas of poles 78 and 79.
By varying the diameter of openings 90 and 91 in mem-
ber 76a and end 77a, respectively, the surface area of
said poles can be varied and the desired magnetic
torque of unit 75 can be established. Further, more
than one unit 75, 75a (FIG. 2) having the same or dif-
ferent magnetic torques, can be “stacked” on shaft 63
whereby the individual torque characteristics of each
unit are combined to shape a torque curve having the
specific characteristics desired for a specific tool 46.

Although one embodiment of the present invention
has been shown, certain modifications might be made
without departing from the spirit of the invention. For
example, less than one magnetic pole for each slot in
the valve could be used which would still hold the valve
open but would reduce the number of stable open posi-

. tions available. Likewise, the magnetic unit could be

placed at other positions within drive train 56, e.g., be-
fore a reducing transmission, which would change the
number of poles necessary for insuring a number of sta-
ble open positions for valve 60 when tool 46 is not op-
erating.

What is claimed is:

1. A logging-while-drilling tool comprising:

a housing adapted to be positioned in a drill string of
an earth drilling apparatus wherein drilling fluid
which is circulated through the drill string will flow
around said housing;

a rotary valve positioned on said housing so that at
least a portion of the drilling fluid flowing through
the drill string will flow through said valve whereby
a pressure wave signal will be generated in the dril-
ling fluid as said valve opens and closes in response
to a downhole condition measured by said tool,
said valve comprising:

a rotor having openings therethrough mounted on
a drive train extending from said housing; and

a stator on said housing having openings there-
through which when aligned with said openings
in said rotor will allow full flow through said
valve and when misaligned will at least partially
block flow through said valve; and

means for biasing said rotor and said stator when said
tool is not operating toward a position relative to
each other where said openings through said rotor
and said stator will be aligned and said valve will be
in an open position.
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2. The logging-while-drilling tool of claim 1 wherein
said means for biasing said valve toward an open posi-
tion comprises:

a means for applying a torque to said valve in a direc-
tion necessary to move said valve toward an open
position, said torque being greater than the hydrau-
lic torque applied to said valve by flow there-
through which tends to bias said valve to a relative
closed position when said tool is not operating.

3. The logging-while-drilling tool of claim 2 wherein:

said means for applying said torque to said valve is
magnetic.

4. The logging-while-drilling tool of claim 3 wherein:

said magnetic means comprises a magnetic unit hav-
ing at least two elements which magnetically at-
tract each other, one of said elements secured to
said drive train for rotation therewith and another
of said elements secured against rotation in said
housing at a point adjacent said one element.

5. A logging-while-drilling tool comprising:

a housing adapted to be positioned in a drill string of
an earth drilling apparatus wherein drilling fluid
which is circulated through the drill string will flow
around said housing;

a rotary valve positioned on said housing so that at
least a portion of the drilling fluid flowing through
the drill string will flow through said valve whereby
a pressure wave signal will be generated in the dril-
ling fluid as said valve opens and closes in response
to a downhole condition measured by said tool,
said valve comprising:

a rotor having openings therethrough mounted on
a drive train extending from said housing; and

a stator on said housing having openings there-
through which when aligned with said openings
in said rotor will allow full flow through said
valve and when misaligned will at least partially
block flow through said valve; and

magnetic means for biasing said rotor and said stator
when said tool is not operating toward a position
relative to each other where said openings through
said rotor and said stator will be aligned and said
valve will be in an open position;

said magnetic means comprises at least two magnetic
units, each of said units having at least two ele-
ments which magnetically attract each other, one
of said elements of each of said units secured to
said drive train for rotation therewith and another
of said elements of each of said units secured
against rotation in said housing at a point adjacent
their respective one elements, whereby the com-
bined magnetic torque characteristic of said units
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equals the magnetic torque characteristic desired
for said tool.

6. A logging-while-drilling tool comprising:

a housing adapted to be positioned in a drill string of
an earth drilling apparatus wherein drilling fluid
which is circulated through the drill string will flow
around said housing;

a rotary valve positioned on said housing so that at
least a portion of the drilling fluid flowing through
the drill string will flow through said valve whereby
a pressure wave signal will be generated in the dril-
ling fluid as said valve opens and closes in response
to a downhole condition measured by said tool,
said valve comprising:

a rotor having openings therethrough mounted on
a drive train extending from said housing; and

a stator on said housing having openings there-
through which when aligned with said openings
in said rotor will allow full flow through said
valve and when misaligned will at least partially
block flow through said valve;

means for biasing said rotor and said stator when said
tool is not operating toward a position relative to
each other where said openings through said rotor
and said stator will be aligned and said valve will be
in an open position; and

means for applying torque to said drive train in a di-
rection necessary to reduce hydraulic torque which
is imposed on said drive train during operation of
said tool.

7. The logging-while-drilling tool of claim 6 wherein
said means for biasing said valve toward an open posi-
tion and said means for reducing hydraulic torque on
said drive train comprises:

magnetic means having at least two elements which
magnetically attract each other, one of said ele-
ments secured to said drive train for rotation there-
with and another of said elements secured against
rotation in said housing at a point adjacent said one
element, said magnetic means having torque char-
acteristics essentially equal to but 180° out of phase
to the hydraulic torque which is normally applied
to said drive train during operation of said tool.

8. The logging-while-drilling tool of claim 7 wherein
said magnetic means further comprises:

at least one magnetic pole on said one element and
at least one magnetic pole on said another element,
the number of poles on each of said elements cor-
responding to the number of desired stable open

positions of said valve.
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