Improvements to tubular electrical generators 5 The present invention
relates to improvements to the performance of tubular linear electrical
generators. Tubular generators to which the improvements disclosed
herein can be applied are of the kind whereof the armature of the
generator contains one or more 10 annular coils and the translator
contains an elongate series of magnetic poles. This latter series may be
formed from a number of permanent magnets arranged in a column for
passing concentrically to and ] > annu j(s). As the lines
of flux emanating frORHHE THagtetit potesctt the fuins of: the annular
coils, electricity is generated. An example of one such construction, 15
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Number GB 2079068 and foreign equivalents. (It should be noted
thrdingapeletiicakgeneiaiarse term armature refers to the part of the
generator containing its coils, and the term, translator the part containing
20 the permanent magnets. Electricity is generated as a consequence of
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the annular coils, electricity is generated. An example of one such construction,

15  now in world wide use, is the tubular linear electric motor, UK Patent Number
(B 2079068 and foreign equivalents.

(it should be noted throughout this text that the term armature refers to the part
of the generator containing its coils, and the term, translator the part containing
20  the permanent magnets, Electricity is generated as a consequence of
movement of the one relative to the other. In addition, as is commonly known
by those expert in the field, a permanent magnet electric generator of the kind
described can operate equally as an electric motor. Therefore the terms
generator and mofor are deemed interchangeable within this application.)
25
There are an increasing number of industrial applications which require the
.~ conversion of reciprocating mechanical energy to electrical power. Onein
particular is the conversion of sea wave energy to electricity. An example of



used to cause relative motion between the armature and translator of a
linear generator, and thus the conversion of sea wave energy to electrical
power. 5 It will be appreciated that in order to optimise the generation of
power for a given size and cost of linear generator, it is important for the
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motor / generator is the optimum use of magnetic field flux created
therein and/or inherent to its construction. One such means for gptimising
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the invention, there is provided a linear generator having an
Ore such means for optimising the use of magnetic flux can comprise the
15 location of a ferromagnetic cylindrical sleeve placed coaxially over and affixed
io the annular colls forming the armature. The presence of the sleeve serves to
draw out the fines of flux emanating from the transtator in such manner as to

improve the flux linkage with the coils.

20 A disadvantage of using any form of ferromagnetic sleeve in a tubular
permanent magnet linear generator is however the unfavourable cogging v?‘hich
can result, By cogging is meant unevenness of the mechanical force
experienced in the direction of motion of the moving part of the generator
relative to the stationary part, This arises due to the salient pole magnetic

95  attraction effect between the discretely spaced magnetic poles of the armature
and the ferromagnetic sleeve. The cogging —if severe- can cause mechanical

" vibration, and even breakdown, over a protracted period.



annular armature containing coils and a translator containing permanent
magnets, the translator being located concentrically through the armature
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the circumference sleeve.

In example embodiments, a linear generator is provided having an annular
armature and a translator located concentricaiiy therethrough and which are
movable relative to one another along a longitudinal axis, wherein a
magnetically permeable sleeve is affixed to and circumferentially surrounds
the armature, the permeability of one or both ends of the sleeve being
contoured around its circumference such that the variation of the
longitudinal cogging force on the sleeve in its fravel with the armature
relative to the translator, is reduced. This reduction in cogging force is of
course compared with the corresponding cogging force if the end(s) had

uniform permeability.

in example embodiments, the said contouring of the sleeve permeability is
achieved by a variation around the circumference of the sleeve end in the
amount of material at one or both ends of the sleeve, such variation being in

the form of varying absence of sleeve material at locations



course compared with the corresponding cogging force if the end(s) had
uniform permeability. In example embodiments, the said contouring of the
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circumference to reduce any tendency for the net force on the sleeve to
vary in “pitch’' or "'yaw' directions (as referenced to a generator having a
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opposite one another. Alternatively, a castellated contour may be
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ihduced In the sleeve as it travels to and fro over the permanent
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the heat loss occurring within the armature coils, compromising
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constructed from a multiplicity of individual ferromagnetic elements for
drawing out lines of flux from the translator, but each being of a shape and
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material. This is added fo the heat loss occurring within the armature colls,
compromising noticeably the overall performance, whether in generator or
motor mode.

According to an example embodiment, the sieeve includes or is
constructed from a mulfiplicity of individual ferromagnetic elements for
drawing out lines of flux from the translator, but each being of a shape and
individually insulated such as to eliminate substantially the circulation of

eddy currents around and/or along the circumference of the sleeve.

In an example embodiment of the invention, the individual elements are
formed of discrete lengths of ferromagnetic material, such as sot iron,
placed paraliel and adjacent fo one another lengthwise so as fo form the

aforementioned sleeve. The lengths may be bonded to one another by a



from a ferromagnetic material having especially favourable magnetic
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peration substantially without any inherent detrimental
cogging or braking forces and with little or no heat losses within its
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~AgpeLator to select different grades of permanent magnets according to

the desired performance. For example, where a high output is required,

and cost is certainly no object, rare earth neodymium boron iron magnets
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_example those known as ferrites, they may suffer from this effect owing to
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fact that it assists magnetic coupling from the North / South poles of the
CRRFHEFIER magnets positioned along the translator. (In effect, the sleeve
forms a magnetic short circuit path for the magnet fields to travel along.)

it is practical when building the transiator of a tubuiar linear generator to
select different grades of permanent magnets according to the desired
performance. For example, where a high output is required, and cost is
certainly no object, rare earth neodymium boron iron magnets may be
used. The coercivity of these magnets is high and there is little risk that
demagnetising féeids arising from currents circulating in the armature coils
can bring the magnets {o an unfavourable working point. On the other
hand, if lower coercivity ceramic magnets are used, for example those
known as ferrites, they may suffer from this effect owing to the presence of
a distinct knee in their BH curve properties. Use of a ferromagnetic sleave
as described herein mitigates this risk, owing fo the fact that it assists
magnetic coupling from the North / South poles of the permanent magnsts
positionad along the translator. (in effect, the sleeve forms a magnetic short

circuit path for the magnet fields to travel along.)

It will be apparent however that the sleeve sarves this purpose with more
effect



It will be apparent however that the sleeve serves this purpose with more

ffect.5 where it extends w Il.teﬁge ond either side of an armature coil, than
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longitudinal length of the stack of armature coils such that the overlap
resulting at each end of the stack ensures protection against induced
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coils in position relative to one another and to provide a heat conducting
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improvements disclosed herein, it would be appreciated that the radial
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augmented by the thickness of the resin layer. In practice, in order to
afford the best possible magnetic coupling between the sleeve and the
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to hoid the coils in position relative to one another and 1o provide a heat
conducting path to an outside heat conducting surface. However, were
such a construction fo be used in tubular linear generators the subject of
the improvements disclosed herein, i would be appreciated that the radial
distance of the sieeve from the magnets it coaxially surrounds wouid be
augmented by the thickness of the resin layer. In practice, in order to
afford the best possible magnetic coupling between the sleeve and the

magnets, it is desirous to keep this radial distance as small as possible.

According to example embodiments, the individual elements comprising
the ferromagnetic sleeve are embedded within the resin bonding the coiis
during the manufacturing process. By this means, the ferromagnstic
sleeve formed by the elements is enabled to be as close as possibie to the
outside diameter of the coils, and correspondingly as near as possibie to
the



the ferromagnetic sleeve are embedded within the resin bonding the coils
mdurzj!r(l%i the egn f cttgi%rlgcess. By this means, the ferromagnetic
Geavetdie ﬁﬁe ERANEls is enabled to be as close as possible to

the outside diameter of the coils, and correspondingly as near as possible -

Q the 6.magnetic poles Qf the armature. For specific applications o
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described, its very design prevents the circulation n use y currents.
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conducting means to communal switching means, permitting connection
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irc 08 et yjreukadiqn of eddy currents. By this means, the sleeve may be
brought into play as desired, albeit to a limited extent, as an additional

braking means. The invention will now be described with reference to the
ARCEPINMANYINExampie embodiments, a number or all of the individual

elements comprising or included within the ‘sleeve are each wired by
conducting means to communal switching means, permitting connection of
a selected number, or all of them one to ancther and thus the controlied
circulation of eddy currents. By this means, the sleeve may be brought into

play as desired, albeit to a limited extent, as an additionat braking means.

The invention will now be described with reference o the accompanying
drawings in which:

Fig 1 shows the armature and translator of a typical tubular linear
generator.

Fig 2 is a view of one edge of a ferromagnetfic slesve surrounding the
armature of the generator.

Fig 3 shows cogging forces which may arise when using a sleeve of
uniform length.



drawings in which: Fig 1 shows the armature and translator of a typical
tubular linear generator. Fig 2 is a view of one edge of a ferromagnetic
sleeve surrounding the armature of the generator. Fig 3 shows cogging
forces which may arise when using a sleeve of uniform length. 7 Fig 4 is
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method by which cogging forces may be reduced. 5 Fig 6 shows such

reduced.cogaing forces. Fig 7;is,an [ individual
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overlapping the coils of the generator, 10 Fig 9 is a diagram showing the
Slenfdfi@ AuAJariece BEEKSed in resin and 15 Fig 10 shows
means for enabling the sleeve to act as an electromagnetic brake.
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20 background for assisting an understanding of the invention. Referring
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idisclosed herein may be applied is shown generally at 10. The translator
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Fig 10 shows means for enabling the sleeve to act as an electromagnetic brake.

Figures 1 and 2 and the text describing them, provide a general reference
background for assisting an understanding of the invention.

Referring to Fig 1, a typical tubular linear generator to which the irmprovements
disclosed herein may be applied is shown generally at 10. The franstator 11
campriseé a non-ferromagnetic tube 12 housing a series of spaced axially
magnetised permanent magnefs 13,14,15 and so on. It will be seen that like
poles of the magnets face one another. The effectis to cause lines of force__,
shown here schemafically at 16,17 & 18, to emit radiaily out from the fube
holding the permanent magnets, and thereby cut as shown the tums of the
coaxial armature coils, shown here at 20,21,22 & 23. (Note, these coils are
generally bonded within a further tube, not shown here for clarity.) Forcing
relative movement between the armature and transtator results in the generation
of sinusoidal alternating electro- motive forces in the armature coils. (This
arrangement is identical to thet of the tubular finear electric motor disclosed in



poles of the magnets face one another. The effect is to cause lines of
force, shown here schematically at 16,17 & 18, to emit radially out from
the tube 30 holding the permanent magnets, and thereby cut as shown
the turns of the coaxial armature coils, shown here at 20,21,22 & 23.

(Note, these coils are %neraily bonded within a further tube, not shown
he%@@t@ﬁﬁ@.ﬁag%ﬁé rélative movement between the armature and

translator results in the generation of sinusoidal alternating electro-
motive forces in the armature coils. (This 35 arrangement is jdenti
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means, are shown for improving this orthogonallity, and thus the amount
of electricity generated. A ferromagnetic sleeve, shown here at oneQ ﬂg%s
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along, as shown at 25, 26 and 27. This latter aspect proviaes an imp

16  advantage inasmuch that it assists the effective working point at which the

magnets operate, and reduces the likelihood of their demagnetisation in use.

The foregoing description outlines the general -and known in the field- concept
of using a sleeve to augment output, or in the case of the described

20  configuration used as a linear motor, the thrust available therefrom were the
cbits té be energised. The actual concept of the invention is now describedwin

detail with reference to the remaining figures.

A noticeable disadvantage arises from the use ofa simple ferromagnetic sleeve
25 as depictéd in Fig 2. This is due to the effect known as cogging. By cogging is
meant mechanical unevenness in the mechanical force experienced in the
direction of motion of the moving part of the generator relative to the stationary
part. This arises due to the salient pole magnetic attraction effect between the



20 configuration used as a linear motor, the thrust available therefrom
were the coils to be energised. The actual concept of the invention is now
described in detail with reference to the remaining figures. A noticeable
disadvantage arises from the use of a simple ferromagnetic sleeve 25 as

denicted in Fia 2. This i . oo
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shown at . The applied force is shown at 28, the togging force at 29
andhtheseltanitdoceatdlat 30. 10 Referring to Fig 4, means are shown to

mitigate this effect. The sleeve surrounding the armature coils is shown

here at 31, and_is formed from.a n ' I e full
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uniform perinieter at its end, the ends are instead 15 contoured,as shown.
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Rather than having a uniform perimeter at its end, the ends are instea
15 contoured as shown. The confour achieves the effect, as iflustrated, of the top
and bottom portions of the sleeve extending on ifs right hand side more than its
side portions. This is achieved in manufecture simply by suitable juxtaposition
of the individual elements making up the sleeve. The purpose of the contouring
is to reduce the cogging forces. (Note, on the left hand side of the sleeve, the

20  side portions extend conversely more than the top and bottom portions.)

This s further explained with reference to Fig 5. The top (and in this case the
. most protruding) portion of one end of the sleeve is shown schematically at 33
and the side, and least protruding portion, at 34, The transiator is shown at 35.
95 The overlap of the elements 33 and 34 is s0 selected that while one fength is
frying to pull to one set of magnet poles, the other length is in an 'In between’
 state and therefore not contributing towards this force. As the armature is
caused to move relative to the translator, so the position is reversed. Meanwhile
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of the individual elements making up the sleeve. The purpose of the

contouring is to reduce the cogging forces. (Note, on the left hand side of
the sleeve, the 20 side portions extend conversely more than the top and
bottom portions.) This is further explained with reference to Fig 5. The top

om portons,) T planed with reference __
R el R )t S e e UL B etung oo ot

34 e iRl is fhewrathanekbobbmgiemep of the elements 33 and
34'1s so selected that while one length is trying to pull to one set of

magnet poles, the other length is in an'in between' state and therefore not
contriputing towar. s force: ' doerreptthat
relg%i\l})ée %ef?gﬁiﬁé%;#?es%%eiﬁg ﬁé@%ﬁr@%@%@r@éﬁ eanwhile fg the

5ggaﬁy?éég@}mgmﬁnm@hmmmmdmtam@ predeteamingd Qi SEre: |
this end of the sleeve, is to requce the net.c er en
of selegtione their ByiGAhIEAD @"}%ﬁ %?ﬁ?ﬁ%g%&%g%? %ﬁgfg?h@eg?e[ative
pr(l)é,'z @&i@égggt%rﬁ@?%ﬁg%@%@@sm@rm ineth Wdbhandsgod right
se

Ion of their physical length) that their action at this other%jﬁd i, out of
phagadendo st the testienfFigracTeAehas roryers bRcogsing fithdHG

and right hand ends of the sleeve of Fig 4. EFI‘M t qg the
codi @?f@@?%"giﬁ%qg@?@)é&e&?r%g%bs antllaéﬁgﬁggﬁii%, as shown
1020 Sifaifch i She A BRI 0f WY otiyhalshbiwiat Gigie AllegaiveRisRyeat
Fig 5. Alternative sleeve end profiles are ps&?le, Si%fa%sda éﬁép ination
of cendeifiae dreqromsible, ARG ECAMBIRAHRR ) GRS titther
reduce the togging effect. An.i ﬁm%éh@eiﬁy tigeffutt,now be
des@?fﬁg'&eia %ﬁ? 89@%%%8&@%1%%%% eeve shown at Fig 4?that this is
formed from a number of discrete elements. The reason for this is as
fo”oz\\rlﬁsi'mportant aspect of the invention will now be described. It will be seen from
45 the sleeve shown at Fig 4, that this is formed from a number of discrete

elements. The reason for this is as follows.

Were any such sieeve fo be constructed from a solid conductive material (as is
the case with a simple feromagnetic cylinder) this would suffer from a

20  significant disadvantage. This is that during generation, the very motion of the
sieevé relative to the franslator, creates parasitic eddy currents circulafing
therein. These serve both to heat the sleeve and, at least as bad, fo resist the
passage of the armature refative fo the translator owing to the magnefic fields
set up by them. These resultina counter force opposing the very force caysing

o5 the movement. The effect can be reduced to some extent by punching slots in
the sleave but this reduces the effectiveness of the sleeve by the very omission

of the material their presence necessitates.
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Were any such sleeve to be constructed from a solid conductive material
(as is the case with a simple ferromagnetic cylinder) this would suffer
from a 20 significant disadvantage. This is that during generation, the very
motion of the sleeve relative to the translator, creates parasitic eddy

: ts.circulating ,therein.: t : d, at
cad bR 1 A AEA BT R ERRC agsimanc. =
tranglatesmm e é@gmmﬁgﬂ@i@;ﬁe&nbbpeitmﬂagysgﬁédy Coests rBRNe AN
ter force opposing the very force causi the moye
oo e SOSHE DML O ARl SRR T geeg £,
this gefluces ek iRcilranshatdinelan b iehairaisonabidigh

mat el presence necessitates.”"11 The sleeve of Fig 4, formed in

Recpuimeabiiyiistbl dsefition oHTRARY TR oI gtiesaRaIRtE fes

d by cireulati i shown.i . iy
com BRI TSI Gk DR aiOrere e A B he e of
eac*?cfﬁ%?%%%%ﬂt?aﬂ?%@mﬁmﬁé sheriabhavindedrtavasinglepitgs, but

permeability, such as soft iron or'TRAPOFERM'. Each of th sei elginentt]s
is inmase thepatesnssigleddiompne @néﬁh@nibiéﬁhmmﬁ%‘fﬁawﬁb Geiner

lines,of force, substantial t dsJiom sysingle
piec W@@%@’Zﬁ’ﬁﬁ@g@ Sﬁgﬁ%ﬁgggggéﬁ%@@his eliminates
1irtupihyltnes biemdhs. cinwatisionfioarthensfitaisesirtepre stagp i
confined to within the 10 longitudinal elements. Thus a significant benefit
arisowthoué ang nsitiseabla iMBEChRIR ﬁ%@@gﬁble impact due to eddy
currents. Fig 7 shows an expanded view of part of the sleeve shown in Fig
2b. The discrete longitudinal elements making up the sleeve are_shown
agaifFiharehatvs.Brasindatiiel & patt ofdhaairaycsboiinda Bk tSentire
lengtdr;stc?re%ereelggg?i%udinai elements making up the sleeve are shown again here at
15 30,40 and 41. Each element is insulated along its entire length fo prevent

electrical conduction to its neighbour.

Referring toﬂF‘tg 8, an arrangement is shown at 42 for further reducing the

likelihood of the magnets within the translator being taken beyond their safe
20  operating point. (This may occur due o the presence of strong demagnetising

fields or -in combination- exposure of the magnets to such fields and operge__tion

at high temperatures.)

As mentioned before, the presence of the sleeve of the invention assists the
95 safe operation of the magnets inasmuch that it provides a ready path along
which their fields can travel. However, were the (average) length of the sleeve to
be made such that it only just covered the end coils of the armature, the
magnets coaxially surrounded by them would not be protected o the same

12



electrical conduction to its neighbour. Referring to Fig 8, an arrangement
is shown at 42 for further reducing the likelihood of the magnets within the
translator being taken beyond their safe 20 operating point. (This may
occur due to the presence of strong demagnetising fields or -in

g f _ |
R S TR T A e e ety
(eIBNEHg wégicslg iggRtasaimanatdtendihthermerabisngid mathiehat

it provi

Sarea

th al hich their fiel t | ’
g gk, B (16 B8 5 RGP G TPURL B ey 1<

covered the end coi t £ Peatindls sorssistited
by%ﬁ@?‘ﬁ’m\ﬁg ﬁ%?rbl@ %%@%%ﬂs%%nhé@ % Qé%%ﬁeln??;g those more
5 cepienminseditine sifevpatatingfpoints made to a length exceeding by a

good margin as shown at 43 and 44 the overall length 'I' of the armature
coil stack. By this means, the magnetic field coupling provided by the

Zfﬁiﬁﬁ@%ﬁﬁ@f@%ﬁ’ﬁ&%ﬂ?gﬁ&@%whgfvmwimalemmmﬁﬂetS 50

mayigelaaendynetiooiy migoelittaiganscarolEEnBRIARHS

elr function withint a safe operating point.,ltéﬁ | known to

is wel
fh by

reducing magnetic air gaps. as.fay as.i ' ent for
acrﬁ@'@m@@ﬁgtimﬁé@é’égiwﬁf@aé%g\a}g%p‘{ﬁ@tﬁ%ﬁ@ J%%i%or is now

10

sh
orekvagiRaendh G BGH AR RI F SH gL ton
C P SRR AR felvEd aubiens B drpsiing

incr

VA FSR R it Rk aPig Santizicshaws on sl doiotihe

rée’i moulded within it, as shown at 47. By

this JRgaevin By qherdened) resin, which would resutt in an increased air gap,

15

20

25

they are instead moulded within it, as shown at 47. By this means, they are as
close as practically possible to the coil surface 48, and thus the magnetic flux

coupling with the translator magnets is maximised.

It is well known that short circuiting the amature coils of a permanent magnet
type rotary electric motor is offective to brake the motion of its armature. In the
case of the tubular linear generator, shart circuiting its armature coils simitarly
providés é ready and effective braking action of the motion of the transiatou:_ )
relative to its armature. From the foregoing description however, it will be
understood that the sleeve cannot contribute fo this effect as the very point of its
construction is to avoid the effect of circulating eddy currents.

However, in special circumstances, it may be useful to be able to arrest motion

in the shortest possible time, particularly in wave energy converters where for
example there may be the sudden arrival of a wave of unexpected amplitude.
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15 close as practically possible to the colil surface 48, and thus the
magnetic flux coupling with the translator magnets is maximised. It is well
known that short circuiting the armature coils of a permanent magnet type
rotary electric motor is effective to brake the motion of its armature. In the
20 cas ISR OGNREALRHSTOF oM hhgcitSend g e krubs
simﬁ?@]@‘ﬁ?&%éégé ﬁ:51§nd eﬁectivét%?gf(ing action of the mggron of the
tragsigieforaiiivetestpienidamage frtha leleforegoing description
however, it will be understood that the sleeve cannot contribute to this
effect as the very point of its construction is to avoid the effect of :

Iy AU BaHRTRTE AGabioui Ve botitritnasinlth trakbp afiedt i shayTbe
useful to be able to arrest motion in the shortest possible time, particularly

5in wiithereferenpg tohigetterEachofdhrelemenis o Slbradsa on B udden

arrival of ve of unexpec ' . S, i AP,
cau<d! W@ﬁ%@“ﬁ%% é%%%)oﬁgér@ rﬁl?r%ﬂ-é]ﬁlggghgéé?erator, with
conseguaiHampaadsdltates barbaBycwitehiaptingeme gealottitto
contribute to the braking effect is shown . 5 with refgrence, tg Fi , h
of iR pethoRIRHPA BAR e AR Sl %@%%%%%“pj‘%%‘ﬁg%
switches 51 , 0 eaieuitihithebrakinged
to aeé] g%%e% d@é @ﬁ%@%ﬁ%@ﬁ%ﬁ’gﬁmﬁ%ﬁg& 'Ehe switches, a path is
1(Pro\éfige enabling, albeit to a limited extent, some would be eddy currents

to circulate, and thus permitting the sleeve to add to the braking 10 effort.
Numerous variations will be apparent to those skilled in the art. 15

Numerous variations will be apparent to those skilied in the art

16
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20 25 14 Claims 1. A linear generator having an annular armature
containing coils and a translator containing permanent magnets, the
translator being located concentrically through the armature and which
armature and translator are movable relative to one another along a
cﬁ@i@\%itudinal axis, wherein a magnetically permeable sleeve is affixed to
and circumferentially surrounds the armature, the permeability of one or

qme%%%f?éﬂasr ﬂ&ﬁ%& Qeing QF%&@Q%%%HEHH\?W% $4Fator

that the variation of the™ longitudinal co force on the sleeve in its

COQ@OQW@F@B%W@%%% tfé'%ﬁ’@t‘ffa?MOio‘@tP@dﬁ%‘éPmﬂf@ﬂ&ﬁwgh

thesane KOs cIN@HHER e R etiine abtitydssrabieyed hyvabardipR i 188e ancther
of mat«?rlal aroHnd the C|rcum er ce of th fle ve end Q%o [ g

nt
slofi? hek AL R eé%'@hav‘é‘r‘i‘g 51 B 26 of é?y"’nlj‘e

ciresereetially §é@0émﬁéﬂ@ratawanm;mr@nmbtm efrenenferesibesofishef the

sieé»bmastés CRABGIEHSESUNINRL BIRFRRYSNBCIUdES eRds ADSIEEIR figMhe
for drawing out lines of

icity of individual ferromagnetic element
‘°“ﬁl§5¥¥ﬂ5’ﬁn o T P R B SPAUAT Br e AR Eigtne 6 the
tramstaitated sachens wheliamnatesibstanitiatipghe tbedatieabifeddychieved by
a @Hg@aﬁweg%%@nﬂ{%m?&m%mw@%%&ﬁ%@%@% oﬁﬁ@gﬁerev? end at

generator accordlng to claim 1 wherein the variation in the amount o

ong IRREHENETIAT IEehR RS 1S ¢ ¥aRY Ry RBRG tRdhmfsrset iRt ageeaee of

sliethie syl lengdutise ertieatmatittiitisusraneishe henatrxamplesabrised
, variation in offset may; be substantiall S|nu50|d t

n R e R 2 e o e
fergmiggnatiealasmends f@brﬁi’tﬁW@Q e M@mfnﬁmﬁ #age thertiensiaiooppdisiech

beidgds: of arpREEREDIRIRRalY insulated such as to eliminate substantially the

circulation of eday currents around and/or along the circumference sieeve.

2. A linear generator according to claim 1 wherein the variation in the amount of
slesve material is achieved by a varying longitudinat offset of an edge of the sieeve
iengthwise of the armature it surrounds, where examples of such a variation in offset
may be substantially sinusoidal, triénguiar or casteltated.

3. A linear generator according fo claim 2 wherein both ends of the sleeve are so
confoured, the offsetting of edge portions at opposite ends of a generatrix of the
sleave being such that the distance between edge portions of the ends is

substantially constant around the circumference of the slesve,

4. A linear generator according to claim 1 in which the individual elements consist of
discrete lengths of ferromagnetic material, such as soft iron, each insulated from its
neighbour and placed parallel and adjacent to one another so as form the armature
sleeve.

8. A linear generator according fo claim 1 in which the elements comprise individual
particles, such as small ball bearings or iron crystals, embedded within a plastics

mateariat,
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sleeve being such that the distance between edge portions of the ends is
substantially constant around the circumference of the sleeve. 4. A linear
generator according to claim 1 in which the individual elements consist of
crete lengths of ferromagnetic material,.such as soft iron
6. A AR TS REAEADSP AT BIACE IR GFP R RhPig nipcivicual
elesneotharostpasiigron imdudad atiing: Hlestieed: Arkresgihgemerstied agcordihgting
me%&'ﬂj@o%mdﬁgi%ﬂ&ﬂ;ﬁée%ﬁé GaMPERG Kshuicial, B@Q'Qlﬁéct’éﬂ%}éﬁomon

small ball bearings or iron crystals, embedded within a plastics material.
or gl5a8 t‘ﬁ‘ﬁhé%P@%ﬁ@Pﬁ?&F aeegmﬁlsﬁ%oca%w?%mewmﬂﬁr SN

the individual elements comprising or included within the sleeve are each

7. KQhesr ﬁ?%géfa%?%dc‘é‘&%ﬁg Sel%gf%ft%% PaHngh- vl %H%”qﬁemsé}i the ength of

permitting connection proportion,

theaﬂém@r @ﬁd&m@mémoﬁm@@dmIaﬂ@ﬁ@rwdyr@ﬁtﬁr@fﬁ@e?awm@r by an

extghﬁa%rmeaﬁqarem@ By Qﬁﬁb@dﬁiﬁﬁﬁ@:@gs@ﬁé@&f?r@@ ﬁ‘ﬁf‘@%@%@@émst

the sleeve, at nimum, exceeds the longitudipal length of the armatu

e e AR TR L ST o SO 8 CAHE dEgreteare e

slepvetm:tmnrawnm ammuem@m@atmmmwaasmmmghms f@nire

inedfforded by the presence of the sleeve to the magnets exposed at each
end of the armature, as to those at the centre thereof. 16
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