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| MPROVED STEERABILITY OF DOWNHOLE RANGING TOOLSUSING ROTARY
MAGNETS

PRIORITY

The present application claims priority to U.S. [Wmvisional Patent Application No.
17/653198, filed on March 2, 2022, which claimogty to U.S. Provisional Application No.
63/244,414, filed on September 15, 2021, having dhmme title, the benefit of which is

claimed and the disclosures of which are incorgardiierein by reference in their entirety.

FIELD OF THE INVENTION
The present invention relates generally, but moitéd to, hydrocarbon exploration
using magnetic ranging assemblies and, more spaltyfi to methods and systems to

improve the steerability of ranging tools usingargtmagnets.

BACKGROUND

Hydrocarbons, such as oil and gas, are commonlairdd from subterranean
formations that may be located onshore or offshdiee development of subterranean
operations and the processes involved in removipdrdtarbons from a subterranean
formation can be complex. Typically, subterraneparations involve a number of different
operations such as, for example, drilling a wekbat a desired well site, treating the
wellbore to optimize production of hydrocarbonsy aerforming the necessary operations to
produce and process the hydrocarbons from thersab&an formation.

Ranging tools are used to determine the positiareciion, and orientation of a
conductive pipe (for example, a metallic casing) &ovariety of applications. In certain

instances, such as in a blowout, it may be necgs$santersect a first well, called a target
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well, with a second well, called a relief well. &@kecond well may be drilled for the purpose
of intersecting the target well, for example, ttienee pressure from the blowout well. In
certain instances, such as a crowded oil fieldyay be necessary to identify the location of
multiple wells to avoid collision incidents. In @hexamples, the ranging tool can be used to
drill a parallel well to an existing well, for exahe, in steam assist gravity drainage
(“SAGD”) well structures. In yet other examplesranging tool can be used to track an
underground drilling path using a current injecteetallic wire or pipe over the ground as a
reference.

One of the disadvantages of conventional rangidsts their requirement to have
the magnetic bit sub between the drill bit and eshaft of the rotary steerable tool or mud
motor. Placement of the magnetic bit sub in thessitipns limit the steerability of the

ranging tools.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a ranging system, accordingoillustrative embodiment of the
present disclosure;

FIG. 2 illustrates a push-the-bit rotary steeralBlestem according to certain
illustrative embodiments of the present disclosure;

FIG. 3 illustrates an alternative embodiment in chha magnetic sub is positioned
along the drive system;

FIG. 4 illustrates an alternative embodiment in chhithe ranging magnets are
positioned above the rotary steerable system @parate collar;

FIG. 5 illustrates yet another embodiment in whitle ranging magnet(s) are
positioned in a separate collar located just albgesteering collar;

FIG. 6 illustrates a downhole motor assembly havwng or more ranging magnets
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positioned thereon; and
FIGS. 7A, 7B and 7C illustrate various views of gibke placement/orientation of the

ranging magnets along the bottomhole assembly.

DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

lllustrative embodiments and related methods ofpfessent disclosure are described
below as they might be employed to provide imprsteerability of downhole ranging tools
using rotary magnets. In the interest of clarityt all features of an actual implementation or
methodology are described in this specificationwill of course be appreciated that in the
development of any such actual embodiment, numeimptementation-specific decisions
must be made to achieve the developers’ specifadsgsuch as compliance with system-
related and business-related constraints, whichvarly from one implementation to another.
Moreover, it will be appreciated that such a depeient effort might be complex and time-
consuming, but would nevertheless be a routine miakiag for those of ordinary skill in the
art having the benefit of this disclosure. Furtlaspects and advantages of the various
embodiments and related methodologies of the imwentill become apparent from
consideration of the following description and dirays.

As mentioned above, one major disadvantage of cuioreal ranging is their
requirement to have a magnetic bit sub betweendthlebit and driveshaft of the rotary
steerable tool (“RSS”) or mud motor. However, ptacthe magnetic bit sub here limits the
steerability of the ranging tool. At the same tirhewever, it is best to know where the
bottom of the hole is as close to the magnets asilple. As a result, the magnets should be
positioned nearest the bottom of the hole (or ibeas possible. However, the conventional
approach (placement of the magnetic bit sub betwleedrill bit and driveshaft) has resulted

in limited steerability.
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Accordingly, in response to this limitation in ca@mtional approaches, illustrative
embodiments of the present disclosure positioningngiagnets in the bit box and other
locations along the rotary steerable system/mudbrftatbo drill or any other drive system.
Location of the magnetics is shifted to differemims on the drilling tools to remove the
need for a nearby bit sub that would detrimentaffgct the steerability of the drilling system
by keeping the length shorter or the same as aligimtended and designed.

In certain embodiments, the magnets can also betedwn an independent member
of a rotating drill string driven by a drive systeRositioning the magnets in these locations
allow for a shorter bend to bit or reaction poiot kit which enables better steering.
Therefore, magnets are integrated into the bodheftools above the drill bit such as the
RSS/turbo drill/motor or downhole drive. This rereswthe need for a bit sub.

In certain other embodiments, the magnets shouidneoease the length of reaction
point to bit or the magnets should be put aboverglaetion point. The reaction point would
be the knuckle of the bent housing on a motor stahilizer point or a contact point above
the bit (such as a push pad on a rotary steeraiskers). In yet other embodiments, the
magnets could be on the push pads themselves.

Accordingly, the illustrative embodiments of thegent disclosure eliminate the need
to place the magnetic bit sub between the drillabid the driveshaft of the rotary steerable
tool or mud motor. The embodiments described hansitead position one or more ranging
magnets along the rotary steerable tool, motath@drill bit. In one illustrative embodiment,
the one or more magnets are positioned in thedxtdf the drive shaft or either tool (rotary
steerable tool or mud motor). By placing the magrdre, no unnecessary length is added
(and/or the added length is minimized) relativéh® bit sub. As a result, the integrity of the
steerability of the tool (rotary steerable systeotbrn) is maintained while keeping the

positioning of the magnetics near the bottom ofltbgom hole assembly.
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FIG. 1 diagrammatically illustrates one rangingtegsin accordance with the present
invention for guiding directional drilling of a seed borehole to achieve precisely controlled
separation with respect to a first, previously lddl borehole. In FIG. 1, borehole 110
contains a tubular drill string 112 incorporatingddll assembly generally indicated as
bottomhole assembly 114. The drill assembly inctudedrill bit 116 which is driven by
suitable motors 118 (drive system) in conventionahner, to rotate about a longitudinal axis
of rotation 117, the drill bit being steerable tmtrol the direction of drilling in response to
control signals from a control station 120 locatéédhe surface 122 of the earth 123. In this
example, the drive system is located downhole; wvewean other examples the drive system
may also be located at surface 122.

In accordance with this example, an ellipticallylgsized rotating magnetic field is
generated in the borehole being drilled. For thigpse, the drill assembly 114 carries one or
more magnetic field sources such as a ranging md@#emounted in a non-magnetic piece
of drill pipe 126 (also referred to as a sub) ledabehind the rotating drill bit 116 or
otherwise along the bottomhole assembly as desthbeein. The ranging magnet is carried
by the drill string 112 with north-south axes oktimagnet perpendicular to the axis of
rotation 117 of the drill bit 116. This bar magenerates an elliptically polarized magnetic
field generally indicated by the magnetic fielden130, with the rotation of the magnet 124
about axis 117 producing an alternating magnegid fat an observation point radially spaced
from the magnet.

An existing borehole 132 is illustrated in FIG.This borehole 132 is illustrative of a
horizontal well of the type which may be used ftrasn assisted gravity drainage of heavy
oil. The borehole 132, which may include a casidg,1lis a target well which is to be
followed by the borehole 110 being drilled. In acance with one example of the present

invention, the drill bit 116 is controlled so thihie borehole 110 is drilled directly above
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borehole 132 and is spaced above it by a predetetdniconstant distance. Control of the
drill bit 116 is carried out in response to meamerts made in the target borehole 132 by
means of a magnetic field sensor 36 located in asoréng tool 138. In this example, the

measuring tool is lowered into the borehole 132ugh casing 134 by means of a suitable
wireline 140, with the location, or depth, of theeasuring tool being controlled from the

earth's surface in conventional manner from anpement truck 142.

The magnetic field sensor 136 is located at anrgbsen point 144 and incorporates,
in this illustrative embodiment, a pair of fluxgateagnetometers having their axes of
maximum sensitivity intersecting each other at dbservation point and at right angles to
each other. The magnetometers measure the amphnai¢ghe phase of two perpendicular
components of the polarized rotating magnetic fie3® which are both perpendicular to a
longitudinal axis 149 of the measuring tool 138e Theasuring tool also incorporates, in one
form of the invention, an orientation sensor 150 determining the orientation of the
magnetic field sensor 136 with respect to either blorehole or to magnetic north. Such
orientation devices may include, for example, éartield sensors, inclinometers, and/or a
gyroscope.

Although FIG. 1 shows ranging magnet 124 positionest behind the bit (in a
magnet sub), the present disclosure describes ro#mgy locations in which one or more
ranging magnets may be located. As a result, ted fa placing a magnetic bit sub between
the drill bit and the driveshaft of the rotary std®e tool or mud motor is eliminated.
Moreover, FIG. 1 illustrates a rotary steerabldeys(*RSS”). However, embodiments of the
present disclosure may be used with other drivéesys such as, for example, mud motor
based systems.

In view of the foregoing, FIG. 2 illustrates a ptbl-bit RSS according to certain

illustrative embodiments of the present disclostiis. 2 illustrates a number of ranging
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magnets 202a-h positioned at various locationsgatbe RSS 200. In this and the following
example, one or more of ranging magnets 202a-hbegyositioned along the tubular string
at various locations. For example, a ranging magf2a may be positioned between the bit
box/drill bit 204 and pad assembly 206 (of the tgecollar). In another example, ranging
magnets 202b and 202c may be positioned in the pagh (e.g., non-movable pads) of pad
assembly 206. In yet another example, ranging ni&figd can be positioned just above pad
assembly 206.

In other examples, a ranging magnet 202e can biéqmesl on the shoulder threads
208(i) of a stabilizer sleeve 208. In other exampleanging magnet 202f can be placed on
the outer surface of a thread on stabilizer sl&88 (or below the thread on stabilizer sleeve
208).

In yet other examples, the ranging magnets capidmed along a bit box 210 of a flex
collar 212. For example, a ranging magnet 202gsstiopned on the pin end of bit box 210.
In another example, ranging magnet 202h is pogton the middle of flex collar 212. In
such examples, a communications/data link (not shomould exist and pass through the
flex collar to enable communications and/or powansfer along the RSS.

FIG. 3 illustrates an alternative illustrative emdbment of the present disclosure. In
this example, instead of the flex collar, a sub 8positioned in its place. The sub 302
would be a rigid collar-like component (or someesthontinuous outer diameter component)
which houses one or more ranging magnets. As irmmgodiment of FIG. 2, the sub 302 of
FIG. 3 would also include a communications/powansifer link running therethrough.

FIG. 4 illustrates yet another alternative emboditria which the magnet(s) can be
positioned above the RSS tool in a separate cdllare, the RSS also includes a second

stabilizer collar 402 above flex collar 212. A segta magnetic collar 404 is positioned above
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second stabilizer collar 402. FIG. 5 illustrates geother embodiment in which the ranging
magnet(s) are positioned in a separate collar 66&éd just above the steering collar.

FIG. 6 illustrates an alternative embodiment of pesent disclosure applicable to
downhole motor assemblies. In this example, mateembly 600 includes a drill bit 602 and
multiple ranging magnets 604 are shown positiomedral the tubular at various positions.
As shown, multiple ranging magnets 604 may be ostl around bit box 606, drive shaft
608, bearing assembly 610, bent housing assemBlyos ktator tube 614.

In these examples, the ranging magnets may be etatied pockets and offset from
the center line of the tube. The thickness of ide svalls of the tubular dictate how many
magnets are needed to generate the desired maggtiatures. FIGS. 7A, 7B and 7C
illustrate various views of possible placementiuation of the ranging magnets along the
BHA. FIG. 7A illustrates a three-dimensional pexgpe view of a tubular component 700
having multiple ranging magnets 702 embedded thef€iG. 7B is a sectional view of
component 700 along line B-B. In this example, yam see bores/pockets 704 have been
machined into the body of component 700. A sub-F@& is also machined into component
700 along the same axis as bore 704. The purposebelbore 706 is to provide a small pilot
hole before opening up to the necessary size davdbir easy removal of magnets as required
via pushing through sub-bore 706 with a small pipsome other suitable component. The
ranging magnets 702 are secured inside bore 70Zobyexample, snap rings and/or an
epoxy, or some other suitable securing means. Aveaeen, the magnets may be positioned
laterally with respect to the tool axis (offsetrfrahe centerline of bore 708). FIG. 7C is
another perspective view of component 700 showhmg ranging magnets 702 oriented
laterally with respect to the axis 710 of compon&in.

In yet another alternative embodiment, multiple metgsubs may be added above and

below the downhole drive system (e.g., mud motarhibe, electric motor or others). For
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example, ranging magnets may be positioned betweerit box and push pad assembly
(FIG. 2) and also along a drive motor such as @0@.( 6). In such embodiments, a
mechanical mechanism is used to alter the frequefdpe magnetic field being created
downhole through drillstring rotation from the sagé alone, rotation from drillstring in
combination with downhole drive rotation, or thrbugptation from downhole drive only.
With this, magnet subs of different length and ¢fi@re different strengths can be engaged
and disengaged [through selection of which rotatiethod is being applied] depending on
the needs of the operation. For example, a larggnet sub placed above the downhole drive
can (when rotated) be utilized for long range lmeabf wells.

If an intersection is required at some point in @llore pairing, the rotation above
the downhole drive can be disengaged and the ddenttrve (via mud motor, rotary
steerable, electric motor, or others) can be etlito rotate a small magnet sub located close
to the bit without interference and saturationt@ magnetometers in an adjacent well due to
rotation at close proximities.

These functions described above can be implememtéigital electronic circuitry, in
computer software, firmware, hardware or otheratlé control circuitry. The techniques
can be implemented using one or more computer @anogproducts. Programmable
processors and computers can be included in oragackas mobile devices. The processes
and logic flows can be performed by one or morggammable processors and by one or
more programmable logic circuitry. General andcgsdepurpose computing devices and
storage devices can be interconnected through cameation networks.

Such control circuitry may be located at the swefée.g., equipment truck 142) or
downhole along the drill string. The control cityiincludes processing circuitry necessary
(i.e., system control center) to achieve the rangingrtegies described herein in real-time.

Such circuitry includes a communications unit toilfeate interaction between the drilling
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system and a remote location (such as the surfaejisualization unit may also be
connected to communications unit to monitor theynag measurement data being processed;
for example, an operator may intervene the systperabions based on this data. A data
processing unit may convert the received data imfilarmation giving the target’s position,
direction and orientation in real-time. Thereaftesults may be displayed via the visualizing
unit.

The system control center also includes the stécagemunication circuitry
necessary to perform the calculations describeeitein certain embodiments, that circuitry
is communicably coupled to sensors 136 and BHA ihlérder to process the received
electromagnetic fields. Additionally, the contodtcuitry (if positioned along the BHA 114)
may be communicably coupled via wired or wirelesanections to the surface to thereby
communicate data back uphole and/or to other adgernimponents (to steer a drill bit 116
forming part of assembly 114, for example). Inadternate embodiment, the system control
center or other circuitry necessary to perform onmore aspects of the techniques described
herein may be located at a remote location away BBHA 114, such as the surface or in a
different wellbore. In other embodiments, the glenagnetic field measurements may be
communicated remotely to the system control cember processing. These and other
variations will be readily apparent to those ordigaskilled in the art having the benefit of
this disclosure.

Moreover, the on-board circuitry includes at leasé processor and a non-transitory
and computer-readable storage, all interconnecigd \system bus. Software instructions
executable by the system control center for implaing the illustrative relative positioning
methods described herein in may be stored in Istcabge or some other computer-readable

medium. It will also be recognized that the raggsoftware instructions may also be loaded

10



10

15

20

25

into the storage from a CD-ROM or other approprigttrage media via wired or wireless
methods.

Moreover, those ordinarily skilled in the art walbpreciate that various aspects of the
disclosure may be practiced with a variety of cotapsystem configurations, including
hand-held devices, multiprocessor systems, micogasor-based or programmable-
consumer electronics, minicomputers, mainframe aderp, and the like. Any number of
computer-systems and computer networks are acdegtabuse with the present disclosure.
The disclosure may be practiced in distributed-catimg environments where tasks are
performed by remote-processing devices that akedinthrough a communications network.
In a distributed-computing environment, program oled may be located in both local and
remote computer-storage media including memoryagmrdevices. The present disclosure
may therefore, be implemented in connection withious hardware, software or a
combination thereof in a computer system or othecgssing system.

Methods and embodiments described herein furédater to any one or more of the
following paragraphs:

1. A downhole ranging tool, comprising a tubularnngt having a bottomhole
assembly (“BHA”) comprised of a drive system andll dsit; and one or more ranging
magnets positioned along the tubular string.

2. The downhole ranging tool as defined in pardgrapwherein the ranging
magnets are positioned in a drill bit box of thévelrsystem; or the ranging magnets are
positioned between a drill bit box and push padbefdrive system.

3. The downhole ranging tool as defined in pardgrapr 2, wherein the ranging
magnets are positioned in a pad assembly of ttve dgistem or above the pad assembly of
the drive system; or the ranging magnets are positi on a stabilizer sleeve of the drive

system.

11
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4, The downhole ranging tool as defined in any afagraphs 1-3, wherein the
ranging magnets are positioned on a flex collathefdrive system; or the ranging magnets
are positioned in a flex collar positioned abostabilizer sleeve.

5. The downhole ranging tool as defined in any afagraphs 1-4, wherein the
drive system is a push-the-bit rotary steerabléesyg“RSS”).

6. The downhole ranging tool as defined in any afagraphs 1-5, wherein the
magnets are positioned in a collar above the RSS.

7. The downhole ranging tool as defined in any afagraphs 1-6, wherein the
drive system is a downhole motor assembly.

8. The downhole ranging tool as defined in any afagraphs 1-7, wherein the
magnets are positioned on a bit box, drive shaftyibg assembly, bent housing assembly or
a stator tube of the downhole motor assembly.

9. The downhole ranging tool as defined in anypafagraphs 1-8, wherein the
magnets are embedded in pockets of side wallseofulbular string, the pockets being offset
from a center line of the tubular string.

10.  The downhole ranging tool as defined in anyparfagraphs 1-9, wherein the
pockets are oriented laterally with respect toxa af the tubular string.

11.  The downhole ranging tool as defined in anparfagraphs 1-10, wherein the
ranging magnets are located in two or more sub#i@osd above and below the drive
system; and a frequency of the subs is alteredugfrorotational engagement and
disengagement of the subs, thereby altering tlipiénecy of magnetic fields generated by the
subs.

12. A downhole ranging method, comprising genegatlyy way of one or more

ranging magnets positioned along a tubular strimgaifirst wellbore, a magnetic field;

12
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measuring the magnetic field using one or more @engn a second wellbore; and
determining, from the measuring, a range of ttat firellbore relative to the second wellbore.

13. The downhole ranging method as defined in papkg 12, wherein the
ranging magnets are positioned in a drill bit béxha drive system; or the ranging magnets
are positioned between a drill bit box and pushspEdhe drive system.

14.  The downhole ranging method as defined in papdg 12 or 13, wherein the
ranging magnets are positioned in a pad assembipeofdrive system or above the pad
assembly of the drive system; or the ranging magaet positioned on a stabilizer sleeve of
the drive system.

15.  The downhole ranging method as defined in drpacagraphs 12-14, wherein
the ranging magnets are positioned on a flex calfathe drive system; or the ranging
magnets are positioned in a flex collar positioaddve a stabilizer sleeve, the flex collar
being a rigid sub.

16.  The downhole ranging method as defined in drpacagraphs 12-15, wherein
the drive system is a push-the-bit rotary steerapdtem (“RSS”).

17.  The downhole ranging method as defined in drpacagraphs 12-16, wherein
the magnets are positioned in a collar above th8.RS

18.  The downhole ranging method as defined in drpacagraphs 12-17, wherein
the drive system is a downhole motor assembly.

19.  The downhole ranging method as defined in drpacagraphs 12-18, wherein
the magnets are positioned on a bit box, drivetshafring assembly, bent housing assembly
or a stator tube of the downhole motor assembly.

20.  The downhole ranging method as defined in drpacagraphs 12-19, wherein
the ranging magnets are located in two or more paisgioned above and below the drive

system; and a frequency of the subs is alteredugfrorotational engagement and

13
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disengagement of the subs, thereby altering tlipiénecy of magnetic fields generated by the
subs.

Moreover, the methods described herein may be emtbodithin a system
comprising processing circuitry to implement anytloé methods, or a in a non-transitory
computer-readable medium comprising instructionsciyhwhen executed by at least one
processor, causes the processor to perform ameahethods described herein.

Although various embodiments and methods have lsbéemn and described, the
disclosure is not limited to such embodiments arthods and will be understood to include
all modifications and variations as would be appate one skilled in the art. Therefore, it
should be understood that the disclosure is nenaed to be limited to the particular forms
disclosed. Rather, the intention is to cover afidifications, equivalents and alternatives

falling within the spirit and scope of the disclosas defined by the appended claims.
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CLAIMS

WHAT ISCLAIMED IS:
1. A downhole ranging tool, comprising:

a tubular string having a bottomhole assemblyHAB) comprised of a drive system
and drill bit; and

one or more ranging magnets positioned alonguibiar string.

2. The downhole ranging tool as defined in claim 1ewem:
the ranging magnets are positioned in a drilbbit of the drive system; or
the ranging magnets are positioned between labitribox and push pads of the drive

system.

3. The downhole ranging tool as defined in claim 1ewem:
the ranging magnets are positioned in a pad ddgerhthe drive system or above the
pad assembly of the drive system; or

the ranging magnets are positioned on a stab#ieeve of the drive system.

4, The downhole ranging tool as defined in claim 1ewem:
the ranging magnets are positioned on a flexacoll the drive system; or
the ranging magnets are positioned in a flexacofiositioned above a stabilizer

sleeve.

5. The downhole ranging tool as defined in claim lewn the drive system is a push-

the-bit rotary steerable system (“RSS”).

15
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6. The downhole ranging tool as defined in claim 5evein the magnets are positioned

in a collar above the RSS.

7. The downhole ranging tool as defined in claim 1.evdn the drive system is a

downhole motor assembly.

8. The downhole ranging tool as defined in claim 7evein the magnets are positioned
on a bit box, drive shaft, bearing assembly, benising assembly or a stator tube of the

downhole motor assembly.

9. The downhole ranging tool as defined in claim 1ev@n the magnets are embedded
in pockets of side walls of the tubular string, goekets being offset from a center line of the

tubular string.

10. The downhole ranging tool as defined in claim 9ewdn the pockets are oriented

laterally with respect to an axis of the tubulaingt.

11. The downhole ranging tool as defined in claim 1ewem:

the ranging magnets are located in two or mobs fositioned above and below the
drive system; and

a frequency of the subs is altered through mali engagement and disengagement

of the subs, thereby altering the frequency of netigriields generated by the subs.

12. A downhole ranging method, comprising:
generating, by way of one or more ranging magpesstioned along a tubular string
in a first wellbore, a magnetic field;

measuring the magnetic field using one or mons®es in a second wellbore; and

16
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determining, from the measuring, a range of tret fvellbore relative to the second

wellbore.

13.  The downhole ranging method as defined in claimnitigrein:
the ranging magnets are positioned in a drilbbit of the drive system; or
the ranging magnets are positioned between labitribox and push pads of the drive

system.

14.  The downhole ranging method as defined in claimwitigrein:
the ranging magnets are positioned in a pad ddgerhthe drive system or above the
pad assembly of the drive system; or

the ranging magnets are positioned on a stab#ieeve of the drive system.

15. The downhole ranging method as defined in claimnitigrein:
the ranging magnets are positioned on a flexacoll the drive system; or
the ranging magnets are positioned in a flexacofiositioned above a stabilizer

sleeve, the flex collar being a rigid sub.

16. The downhole ranging method as defined in claimvllZ&rein the drive system is a

push-the-bit rotary steerable system (“RSS”).

17. The downhole ranging method as defined in claim @Berein the magnets are

positioned in a collar above the RSS.

18. The downhole ranging method as defined in claimvllZ&rein the drive system is a

downhole motor assembly.

17



19. The downhole ranging method as defined in claim @Berein the magnets are
positioned on a bit box, drive shaft, bearing asdgnbent housing assembly or a stator tube

of the downhole motor assembly.

20. The downhole ranging method as defined in claimwitirein:

the ranging magnets are located in two or mobs fositioned above and below the
drive system; and

a frequency of the subs is altered through mali engagement and disengagement

of the subs, thereby altering the frequency of netigriields generated by the subs.
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