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Advantages of the use of Compressive Repulsive Magnetic Field Technology for
power generation by linear electric generators harvesting ocean wave and other
vibrational environmental energy sources:

1. Eliminateshugelongcoilsatthe end of the Permanent Magnet Array Cylinder (PMA) thereby
usingless expensive amounts of copper.

2. Evenwithoutthe end blocking focusing magnets, there is significant reductionin end leakage of
magneticflux lines outthe ends of the PMA from flux lines whose direction are parallel or nearly
parallel tothe longaxis of the PMA cylindersimply becausethere are vastly less flux linesina
magneticcircuit comprisingamagneticcircuitthrough the entire length of the PMA.

3. Theuse of powerful magnets may cause dangerous magneticfields at the ends of the PMA
which might be a problem forhandlingthe Linear Electric Generator (LEG) when notin use or
installedinadevice. Thisis helped by the end blocking magnets whose fields are much smaller.

4. The use of two much smaller end focusing blocking magnets ateach end of the PMA acts an
excellent magneticshielding becausethese two magnets are also used in the Compressive
Repulsive MagneticField Technology (CRMFT) configuration and thus virtually all lines of force
are bentbackward back onto the PMA toan interior opposing pole virtually reducing magnetic
flux leakage to almost nothing. Note that the flux leakage of the end focusing blocking magnets
which are much smallerand are not used for power productionis of no consequence andisvery
smallinamount.

5. Furtherdecreasingthe amount of magneticleakage into space is the fact that the end polarities
of the CRMFT PMA are the same. Hence, any leakage of a flux line outone end can neverreturn
to the otherend of the PMA and thus to complete the magneticcircuit whichisamust, it must
return to an interior pole of opposite polarity, and it would be more probable toanearer
interior pole, and thus it must cut across a coil winding. Note that the effects of #4 and #5 does
make for some variationin the maximum field strength in the various compressive repulsive
field regions alongthe axis of the PMA cylinder.

6. A highintensity andrelatively uniform magneticfield is producedinadirection perpendicularto
the long axis of the PMA cylinder otherthan forsmall node regions located atthe direct center
of an individual magnet'sside.

7. The compression of the magneticfieldsin regions of like adjacent poles produces asignificant
increase in the flux density that cuts across the coil windingsin afavorable perpendicularor
near perpendiculardirection to the axis of the coils.

8. Althoughthe sumtotal of the flux produced by the standard (NSNS) configurationis equalthe
sum total of the flux of an equal number of equally sized magnets inthe CRMFT configuration,
nearly 100% of all the flux linesin the latter come out of the circular surface of the PMA cylinder
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ina direction perpendicular or nearly perpendicularto the long axis of the surrounding coils, a
condition necessary for optimal maximum power output whereas in the former standard
configuration, asignificant number of lines of flux come outin a direction parallel or nearly
parallel to the long axis of both the field coil array and the PMA cylinder whichis not suitable for
coil winding flux linkages and electrical power production.

There are nolongregionsrelatively void of magneticflux alongthe side of the PMA cylinder
with the CRMFT whereas there are with the standard configuration, and whatever the small
amountof fluxis present, theirdirectionis parallel tothe longaxis of the coil array and PMA
cylinder, and only lie adjacent to the cylindersurface —thus they are useless forelectrical power
generation.

There is no significant eddy or hysteresis energy losses anywhere in the magneticassemblyas
there are no large ferromagneticflux focusing structures present that move relatively to the
linear motion of the magnets.

The magneticfield focusingis done by the magnets and the pole piecesthemselves with no
heavy ferromagneticstructurestodo this.

There are no Lenz Law back EMF forces producedinthe pole pieces because they do not move
relative tothe motion of the magneticfield.

There are no back EMF forces generated fromthe magnet motion otherthanin the coils
themselves as there are no bulky ferromagneticstructures surrounding the coilsin an attempt
to focus and concentrate the flux around the coils asin conventional generators.

In the conventional configuration, as you stack the number of magnetsto a larger and larger
number, the incremental field strength at the ends of the magnets becomes smallerand smaller
until afterabout configuringa PMA of about 10 magnets, there is virtually nofurthergainto
increase the PMA length with more magnets. Inthe CRMFT configuration, the number of lines of
force leavingthe side of the PMA cylinderis more or less constant except for small node areas at
the midpointof anindividual magnet’s thickness, and the average amount of flux per unitlength
alongthe entire cylindrical surface remains fairly constant no matter how many magnets are
added making for PMA lengths that can be meterslong. Thisis very advantageous to wave
energy converters (WEC) employing LEG's where large wave energies can be absorbed and
converted with long PMA cylinders. The technicalreason forthisisthat in the standard
configuration, asthe length of the PMA long axis increases, magneticcircuit consisting of the
path of the flux through the interior of the PMA and the return path through air (whichis of low
magneticflux permeability or permanence) becomes longerand longer between the two end
polesincreasingthe reluctance of agood portion of the magneticcircuit there thereby reducing
the flux density and total flux goingfromthe end N pole to the end S pole. Contrast that with
the CRMFT array inwhich repulsive poleregions of the PMA cylinder preventany flux lines from
traveling through the interior of the PMA. Instead, the magneticcircuits are all local coming out
of one N pole repulsiveregion and quickly backintothe adjacentS pole repulsive region and so
forth. Thus no matter how many extra magnetsare added and how longthe LEG is, the return
air path of the flux will always be both shorter, relatively the same oralmost the same length
and the length of the PMA or number of magnets used will have no significant effect on the flux
outputaverage per magnet and will have no decreasing effect on the benefit of adding
additional magnetstothe PMA length. Another way of puttingit, the Permanence Coefficient
goesdown as the standard PMA grows in length and number of magnets, and stays constantin
the CRMFT PMA no matter how longit isand how many magnets are added.

The CRMFT array is very scalable both in terms of going from using very small rare earth
magnets to extremely large magnetsand the number of magnets may be at a minimum one pair
to a maximum of many hundreds of magnets with no theoretical maximum, only limits subject
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to safe handling, assembly, wavesize,and structural stability of the LEGitself (not the PMA itself
which can be made quite stable even with huge diameterand length scaling). Thus the CRMFT
array can be used from miniature structures for tiny environmental vibrational energy harvester
generatorsto moderate structures such as buoys to grid scale power generating WEC's.

Ifthe PMA isina neutral position relativeto the coils (i.e. awave node), asmall wave that
moves the PMA a short distance in the conventional configuration will produce no poweras the
vertical oscillation of the magnets willbe completely within the “dead zone” interior region of
low magneticflux density that occurs along most of its length at all points exceptatthe ends. In
contrast, with the CRMFT array, the smallest ocean wave vibrational disturbance will produce
electrical power.

The use of pole pieces and the compression of magneticfields togetherfrom repellingadjacent
magneticpolessignificantly increases the measured magneticfield intensity (B) that occurs If
the alongthe longaxis of the PMA as the lines of force exit perpendicularly fromthe cylindrical
surface. Inthe lab this was measured to be on the order of 80 to 90% (5500 Gauss (G) or 0.55
Tesla(T) to 9700 G or 0.97 T) with magnets and pole pieces of thickness 2to 1 respectively. If
this effectis maximized using optimally predicted effective ratios of magnetthickness to pole
piece thickness depending uponthe application, the Bmagneticfield intensities can be
increased forthe magnetswe usedinthe research PMA’s (2” in diameter 1” thick NdBrFe rare
magnetsand 2” in diameter0.5” thick 1018 steel pole pieces) fromabout 5500 G (0.55 T) to
about 18000 to 20,000 Gauss (1.8t0 2.0 T), an up to 400% gain, with the limitbeingsetonly by
the magneticsaturation permeability of the steel pole pieces.

The pole pieces atas magneticlensesthatdirect the flux back ontothe coil windings workingin
concert withthe otherdesign factors that do this.

Normally, the severerepulsion of the repelling like polarity magneticfields (which are stabilized
by a patent pendingstructural assembly array and assembly process) would repel the magnetic
flux backinto the interior of the magnetslocated at the repulsive magneticfield regions. This
effectis extremely delirious and should not be allowed to happen asitwould happenifthere
were no pole pieces used atall. If this situation in fact does occur, the magnets will be slowly but
progressively demagnetized with time as the repulsive magneticforce will actas a coercive
magneticforce operatinginadirection opposite to the original force of magnetization of the
magnets. This effectis neutralized by using pole pieces which because of their much greater
permeability pulls the flux lines into them and away from the magnetinterior pole regions. Until
the pole pieces are saturated, they can prevent this effect from happening. Thus again, the
optimal design of the CRMFT PMA is such that the ratio of the magnetthicknesstothe pole
piece thicknessresultsinthe pole pieces being saturated. If one goes beyond that, even with the
pole pieces, the magneticrepulsive field between adjacent magnets will not be able to be
confinedtothe pole pieces and the magnets could be eventually demagnetized. One can either
limitthe size of the magnetthickness orincrease the thickness of the steel pole pieces to keep
the pole piecesin magneticsaturation. Note that low carbon steel ratherthaniron or other
types of steel are used because of its superior high permeability and saturation characteristics.
Because the magnetstravel throughthe surrounding coils ratherthan adjacenttothemasin
some other WEC’s powered by LEG’s we have anotherfactor that causes virtually all of the flux
lines generated by the PMA to intersect the coil windings and produce power.

The PMA’s themselves are scalable in arrays to produce 3 dimensional “crystalline like” matrices
because of the unique geometrical and pole configuration. This structure has been patented.

So far, we have been discussingthe CRMFT in terms of wave energy converting LEG’s. All
generators can be used as linear motors and the characteristics of this magneticarray needyet
to be explored foruse inrail guns, linear servo mechanisms and actuators etc.
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The CRMFT PMA has so farbeen discussed as being used as the rotorinan LEG with the Field
Coil Array (FCA) being used as the stator. The PMA and the FCA can be interchanged tothe
stator and the rotor respectively with no change in function.

Because one can use long CRMFT PMA’s in wave energy conversion as well as any other
vibrational energy harvestable source of energy, as the size of the PMA increases relative to the
height of the wave, the efficiency of the energy conversion will increase toward a theoretical
100% subjectto all of the other physical constraintsthat would puta limitonthe conversion
efficiency butitis clearthat very high efficiencies canresult.

The shape of the CRMFT PMA is conducive toits use in longstrips or geometrical arraysto
disperse wave energy forthe protection of coastal beaches and structures with electrical energy
as a useful byproduct. A patent has been granted for these structures.

When compared to the Halbach magneticarray in which the total flux of magneticfield ason
the top of the array is twice the flux that would be on eitherside of a NSNS standard
conventional permanent magnetarray with very little fluxon the bottom side of the array
(assumingrectangular magnets), the CRMFTis superior because all of the fluxis compressed
into a perpendicularornearperpendiculardirection of the motion of the magnetsand the long
axis of the coils, and this compression causes fluxdensities in the region of the coils to be much
higherthan would be seeninthe Halbach array (estimated atleast to be 400% with magnets
capable of beingusedinthe lab, twice that of the Halbach array). Note that many of the flux
linesinthe Halbach array flow parallel to the long axis of the PMA and the coils and thus many
of the flux linkages are in effective for producing power. Forthat reason, the Halbach array is
not used forelectrical power production.

In the conventional magnet stacking of alternate poles, the airgap between the innermost coils
and the outersurface of the PMA is critical — the largerthe gap, the greaterthe diminution of
the magneticfield intensity crossing the inner coil windings and the less the power output.
Furthermore, the furtherthe radial distance from the PMA outer curved surface, the greaterthe
component of the magneticfield parallelto the long axis of the PMA (which produces less
power as there are less flux winding linkages created) and this problem because more critical
very quickly with the coil thickness (outside diameter minus the inside diameter) asitis the
radial component of the magneticfield perpendicularto the long axis of the PMA that cuts
across the full thickness of the coil that creates the maximum number of coil flux linkages that
produces the maximum power output. Because the magneticfields are compressed and then
focused by the magneticpole piecestosuch an extentthatvirtually all of the magneticfield
lines emanating from the curved cylindrical surface of the PMA are in the radial direction
perpendiculartothe PMA longaxis, and because the very great proportion of the field stays
radial and perpendiculartothat axis, the size of the air gap is no longerthat critical as the
number of flux linkages forasurrounding coil remains the same no matter what the size of the
air gap (thatis a reasonably sized airgap from a fraction of a mm. to several mm, depending
upon the diameter of the magnetand the degree of magnetization of the magnet). Hence the
PMA rotor stator sliding mechanism and interaction can be built more economicallytoa less
critical precision and dimensionaltolerance.

Because inthe CRMFT configuration, the compression of the magneticfields cause virtually the
entire magneticfield asitleavesthe cylindrical surface of the PMA to be perpendiculartothe
long axis of the PMA, and it to stay perpendicularto the long axis for quite some radial distance
out. As a result, the field lines begin to diverge toward the direction parallel to the long axis
guite a distance away and they immediately begin to point again back to the perpendicular
direction asthe field lines travel the short magneticloop quickly to the adjacent magneticpoles
instead of pursuing wide air spaced magneticloops as perthe conventional configuration. Asa
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furtherresult, evenifthe coil thickness is considerable, the direction of the magneticfield lines
throughout the coil thicknessis perpendicularto the long axis of the FCA (which is parallel to the
long axis of the PMA) which produces the maximum flux winding linkages and power
production. The thickness of the coils used with the conventional configuration has to be sharply
limited, alimitation that does not occur with the CRMFT configuration.

The cylindrical cross-section, though not required, in most casesis used as the optimal
configuration of the CRMFT PMA as it resultsin totally uniform and symmetricradial feels
emanating out of the entire cylindrical surface of the cylinder.

If two identical magnets are placed in the conventional NS attachment configuration, the total
space occupied by the flux lines will be significantly greater than the same two magnetsforced
togetherinthe CRMFT mode. The total amount of magneticflux will be equal in either case, but
inthe CRMFT configuration, that flux will occupy asmallervolume, and hence, the average
magneticfieldintensity in the region nearthe magnets where power producing coils would be
located will be greater.

Using materials with a higher magneticsaturationthan 1018 low carbon steel will lead to even
higher magneticfield compression andintensity.

Measurements with and without the end deflecting magnets using a gauss meter has shown
that with the size PMA being used ( 3 magnet pairs, 2" diameterand 1" thickness magnets),
measurementsindicated a 20% increase in the intensity of the peak magneticfields when the
end deflecting magnets were used. Thisis over and above the estimated 200% increase in
efficiency of magneticflux cutting across a given amount of coil windings as compared to the
standard NSNSNS configuration.

If we use justthe PMA without the end deflecting magnets, itis estimated (and this will be
shown hopefully analytically by the computer simulation) that there is asignificantloss of
magneticflushforsmall PMA's and therefore, the end deflecting magnetis much more
significant for small PMA structures. The explanationis asfollows: If each magnet produces N
total magneticlines of flux, the PMA as a whole produces nN total flux where n = the number of
magnetsinthe PMA. However, flux only escapesinto space and does fromthe N pole end of the
PMA, goesinto space with most of this flux notintersecting the coils because theirdirectionis
parallel tothe longaxis of the PMA and when they do curve aroundto returnto a S poleinthe
interior of the PMA, it is way beyond the location of the coils. Thus this represents magneticflux
leakage which impairs the efficiency of the generator. The amount of leakage remains the same
no matterhow longthe PMA isand how many magnets are used, because unlike the
conventional configuration of NSNS where all the flux comes outthe end of the PMA, in the
CRMFT configuration only the flux from the end magnet comes out as flux loopsin this
configurationisonlytothe adjacent polesand not out into space exceptforthe end magnet.
The use of end deflecting magnetsis critical for short small PMA's such as wrist watches,
personal energy harvesters, buoys, etcbutless critical forlarger PMA's such as Wave Energy
Converters. Reason: (A semi-analytical explanation) If the minimum sized PMA using 2 magnets
produces a total amount of flux of 2N, and let's assume that 50% of the flux emanating out of
the end magnetthatislostisN/2, the % loss of flux of the systemis (N/2)/2N or 25% which is
significant. However, if the PMA has 10 magnets, n=10, the total flux is 10N, the amountlostto
space at the endsisstill only N/2 (as opposed to 50% of 10N or 5N in the conventional
configuration), the percentageleakageis (N/2)/10N oronly 5% and an end deflecting magnetis
not really necessary to prevent flux leakage and its effect on the power generationis nil (though
an end deflecting magnetis still useful to help in braking the PMA with the end braking magnet).
Itisthisarrangement of magneticfieldsthatisresponsibleforan estimated 200% improvement
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inthe magneticflux coil winding linkage for magnets and coils of agiven size of the NSSNNSSN
CRMFT versus the standard older NSNSNSN technology.

While the CRMFT causes virtually all of the magneticflux linesto curve around to the interior of
the PMA cutting across the coil windings producing power, some of the lines further away from
the PMA may curve aroundin such a mannerthat the radial component of the magneticfield
perpendiculartothe axis of movementandlongaxis of the PMA (the only component of the
field that produces powerin the coil windings) may less than and even small relative to the
tangential field component(parallel to the direction of motion and long axis of the PMA) inthe
vicinity of the winding which produces no powerand wastes magneticflux reducing the
efficiency of conversion. The ratio of the perpendicularcomponentto the tangential
componentcan be enhanced at points furtherout fromthe PMA in the outer windings of the
coil by surrounding the coils with athin circular sheet of very high permeable magneticshielding
sheeting.



