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Description

FIELD OF THE INVENTION

[0001] The present invention relates to rotary trans-
formers for coupling electrical signals particularly in cath-
eter systems.

BACKGROUND INFORMATION

[0002] Rotary transformers are used in catheter sys-
tems to couple electrical signals between rotating and
non-rotating components of the catheter systems. For
example, a catheter system may comprise a rotatable
transducer received within a catheter body. The trans-
ducer is attached to the distal end of a drive cable that
is driven by a motor to rotate the transducer within the
catheter body. In this example, a rotary transformer may
be used to couple electrical signals between the rotating
transducer and stationary electronics.
[0003] A rotary transformer typically comprises two fer-
rite cores, in which one of the cores rotates relative to
the other core. A primary winding is wound around one
core and a secondary winding is wound around the other
core. The two cores provide magnetic coupling between
the two windings, thereby coupling electrical signals from
one winding to the other winding.
[0004] WO 2007/048920 A discloses a transformer to
transmit electric power by electromagnetic induction be-
tween first and second coils concentrically arranged on
first and second tubular parts, respectively.
[0005] US 2002/0193690 A1 discloses an imaging
catheter with a rotor and stator with first and second coils
disposed on the stator and rotor, respectively. The rotor
is electrically coupled to a transducer element and the
stator is electrically coupled to a transceiver.
[0006] A problem with existing rotary transformers is
that their magnetic coupling degrades at high frequen-
cies. This causes the amplitude of signals coupled
through the rotary transformer to roll off at high frequen-
cies, thereby limiting the bandwidth of the rotary trans-
former.
[0007] Therefore, there is a need for rotary transform-
ers that are able to couple signals at higher frequencies.
There is also a need for rotary transformers having wider
bandwidths.

SUMMARY OF THE INVENTION

[0008] This object according to the present invention
is solved by a rotary transformer comprising the features
of claim 1. Preferred embodiments of this transformer
are defined in the subclaims.
[0009] According to the invention, a rotary transformer
comprises a rotary shaft, a first magnetic core on the
rotary shaft, and a first winding wound around the first
magnetic core. The rotary transformer further comprises
a hollow second magnetic core, and a second winding

wound along the inner wall of the second magnetic core.
The rotary shaft, first magnetic core and first winding are
located within the second magnetic core and second
winding. The first and the second windings each com-
prise a plurality of circular loops,
[0010] each circular loop having a gap, and jogs con-
necting each circular loop. The circular loops of the first
and second windings overlap and the overlap of the cir-
cular loops does not change during rotation of the rotary
shaft to maintain capacitive coupling between the first
and second windings substantially constant. As a result,
the capacitive coupling between the two windings re-
mains substantially constant during rotation, which pre-
vents unwanted amplitude modulation from being intro-
duced into the coupled signal.
[0011] The first and second magnetic cores magneti-
cally couple signals between the two windings. Further,
the first and second windings are closely spaced to pro-
vide capacitive coupling between the two windings. The
capacitive coupling extends the frequency response of
the rotary transformer by providing a low impedance con-
duction path between the two windings at high frequen-
cies.
[0012] In one exemplary embodiment, each of the
windings comprises a substantially flat strip conductor
wound in the shape of the winding. In this embodiment,
the first and second windings are aligned to form a par-
allel-plate capacitor comprising closely spaced parallel
plates (i.e., the conductors of the first and second wind-
ings). The close spacing between the flat strip conductors
of the first and second windings provides a large capac-
itive coupling and tight magnetic coupling that extend the
bandwidth of the transformer.
[0013] In another exemplary embodiment, each of the
windings comprises a substantially flat strip conductor
wound into a helical shape.
[0014] Each of the windings can be fabricated by cut-
ting or etching a hollow cylindrical piece into the shape
of the respective winding. In one example, the first wind-
ing and/or second winding are thinned down to obtain
the desired gap between the windings. Thinning down
the windings to the desired gap provides precise control
of the gap size without requiring tight tolerances on the
magnetic cores. This is advantageous because the cores
may be made of brittle ferrite material, which is difficult
to machine.
[0015] Other systems features and advantages of the
invention will be or will become apparent to one with skill
in the art upon examination of the following figures and
detailed description. It is intended that all such additional
systems, features and advantages be included within this
description, be within the scope of the invention, and be
protected by the accompanying claims.

BRIEF DESCRIPTION OF THE FIGURES

[0016] In order to better appreciate how the above-re-
cited and other advantages and objects of the present
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inventions are objected, a more particular description of
the invention briefly described above will be rendered by
reference to specific embodiments thereof, which are il-
lustrated in the accompanying drawings. It should be not-
ed that the components in the figures are not necessarily
to scale, emphasis instead being placed upon illustrating
the principles of the invention. Moreover, in the figures,
like reference numerals designate corresponding parts
throughout the different views. However, like parts do not
always have like reference numerals. Moreover, all illus-
trations are intended to convey concepts, where relative
sizes, shapes and other detailed attributes may be illus-
trated schematically rather than literally or precisely.

Fig. 1 shows an exploded view of a rotary transformer
according to an example embodiment of the present
invention.
Fig. 2 shows an exploded view of rotating compo-
nents of the rotary transformer according to an ex-
ample embodiment of the present invention.
Fig. 3 shows an exploded view of non-rotating parts
of the rotary transformer according to an example
embodiment of the present invention.
Fig. 4 shows a cross-sectional view of the rotary
transformer according to an example embodiment
of the present invention.
Fig. 5 shows windings of a rotary transformer ac-
cording to an example embodiment of the present
invention.
Fig. 6 shows a winding of a rotary transformer ac-
cording to an example embodiment the present in-
vention.
Fig. 7 is a diagram of a catheter system comprising
a rotary transformer according to an example of the
present invention.

DETAILED DESCRIPTION

[0017] Figs. 1-3 show exploded views of a rotary trans-
former 10 according to an exemplary embodiment of the
present invention. The rotary transformer 10 comprises
a rotary shaft 15, a first magnetic core 20, e.g., ferrite
core, disposed on the rotary shaft 15, and a first winding
25 wound around the first magnetic core 20, as best
shown in Fig. 2. The rotary shaft 15 includes grooves 17
for running wires (not shown) or other conductors to the
first winding 25. In a preferred embodiment, the first wind-
ing 25 comprises a substantially flat strip conductor
wound around the first magnetic core 20.
[0018] The rotary transformer further 10 comprises a
second magnetic core 30 and a second winding 35 within
the second magnetic core 30, as best shown in Fig. 3.
In a preferred embodiment, the second winding 35 com-
prises a substantially flat strip conductor wound along
the inner wall of the second magnetic core 30. The rotary
shaft 15, the first magnetic core 20 and the first winding
25 are disposed within the second magnetic core 30 and
the second winding 35. In the assembled rotary trans-

former 10 (shown in Fig. 4), the first winding 25 rotates
within the second winding 35. The rotary transformer 10
further comprises a nonconductive case 40 and a metal
housing 45. The magnetic cores 20,30, windings 25,35
and rotary shaft 15 are all housed within the metal hous-
ing 45. The second magnetic core 30 is disposed within
the nonconductive case 40 to electrically isolate the sec-
ond magnetic core 30 from the metal housing 45. The
case 40 may be made of ceramic, plastic, or other non-
conductive material. The two windings 25,35 may be
made of copper, brass, or other conductive material. In
an embodiment, each winding is fabricated by cutting or
etching a cylindrical metal piece into the shape of the
winding, as described further below.
[0019] The rotary transformer 10 also comprises two
ball bearings 50a, 50b on either side of the rotary shaft
15 and housed within the housing 45. The rotary shaft
15 passes through the ball bearings 50a, 50b which fa-
cilitate rotation of the rotary shaft 15 within the housing
45. Fig. 4 shows a cross-sectional view of the ball bear-
ings 50a, 50b in the assembled rotary transformer 10, in
which each ball bearing 50a, 50b comprises bearing balls
55a, 55b sandwiched between a stationary member 52a,
52b and a rotating member 57a, 57b around the rotary
shaft 15. The rotary transformer 10 further comprises two
alignment rings 60a, 60b on either side of the first mag-
netic core 20 on the rotary shaft 15 for aligning the first
winding 25 with respect to the second winding 35, as
explained further below. As shown in Fig. 4, the alignment
rings 60a, 60b abut side walls of the rotary shaft 15. The
rotary shaft has curved corners 64 between the side walls
and longitudinal surfaces of the rotary shaft 15. The
curved corners 64 reduce stress at the transition between
the side walls and the longitudinal surfaces of the rotary
shaft 15, thereby preventing cracking of the rotary shaft
15 due to stress. Each alignment ring 60a, 60b has a
chamfer or beveled edge 66a, 66b facing the respective
curved corner 64 of the rotary shaft 15 to accommodate
the curved corner 64.
[0020] The rotary transformer 10 further comprises a
first magnetic core end 28 on the rotary shaft 15 and
abutting the first magnetic core 20. In the exemplary em-
bodiment shown in Figs. 1-4, both the first magnetic core
20 and first magnetic core end 28 are cylindrical with the
first magnetic core end 28 having a larger outer diameter
than the first magnetic core 20. The first magnetic core
end 28 rotates with the first magnetic core 20 on the rotary
shaft 15. The rotary transformer 10 also comprises a sec-
ond magnetic core end 38 abutting the second magnetic
core 30. In the exemplary embodiment shown in Figs.
1-4, both the second magnetic core 30 and second mag-
netic core end 38 are cylindrical with the second magnetic
core end 38 having a smaller inner diameter than the
second magnetic core 30. The second magnetic core
end 38 is stationary with respect to the second magnetic
core 30. Both the first and second magnetic core ends
28, 38 may be made of the same ferrite material as the
first and second magnetic cores 20, 30. As shown in Fig.
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4, the first and second magnetic cores 20, 30 are located
between the first and second magnetic core ends 28,38
within the housing 45. The first and second magnetic
core ends 28, 38 enhance the magnetic coupling provid-
ed by the first and second magnetic cores 20, 30 by di-
recting magnetic flux from the sides of the one of the
cores 20, 30 to the sides of the other core 20, 30. To
facilitate rotation of the rotary shaft 15 within the housing
45, the first magnetic core 20 and the second magnetic
core end 38 are separated by a small air gap 72 and the
second magnetic core 30 and the first magnetic core end
28 are separated by a small air gap 74. In other exemplary
embodiments, the first and second core ends 28, 38 may
both be on the rotary shaft 16 and rotate with the first
magnetic core 20, or both magnetic cores ends 28,38
may be stationary with respect to the second magnetic
core 30.
[0021] As shown in Figs. 1 and 4, the housing 45 com-
prises a first opening 47 and a smaller second opening
48. During assembly, the ball bearings 50a, 50b, case
40, magnetic cores 20, 30, magnetic core ends 28, 38
and rotary shaft 15 are placed inside the housing 45
through the first opening 47. The rotary transformer 10
further comprises a cap 70 that is fitted in the first opening
47 to hold the ball bearings 50a, 50b, case 45, magnetic
cores 20, 30, magnetic core ends 28, 38 and rotary shaft
15 in the housing 15. One of the ball bearings 50a is
housed within the cap 70. One end 16 of the rotary shaft
15 passes through the second opening 48 of the housing
45 while the other end 18 of the rotary shaft 15 passes
through an opening in the cap 70.
[0022] As shown in Fig. 4, the first magnetic core 20
includes channels 24 for connecting wires (not shown)
from a rotating element, e.g., transducer, to the first wind-
ing 25. The wires for the first winding extend along the
grooves 17 in the rotary shaft 15 to the rotating element.
The wires enter the channels 24 from the rotary shaft 15
through a hole 22 in the first magnetic core 20 (shown in
Fig. 2). An example where the rotating element is a trans-
ducer is given below. Similarly, the second magnetic core
30 includes channels 34 for connecting wires (not shown)
from the second winding 35 to stationary electronics (not
shown). The wires for the second windings 35 exit the
second magnetic core 30 through a hole 32 (Fig. 3).
These wires exit the housing 45 through a hole 42 in the
housing 45.
[0023] The first winding 25 will now be described in
greater detail with reference to Fig. 2. In a preferred em-
bodiment, the first winding 25 comprises a plurality of
circular loops 26 with jogs 27 connecting adjacent loops
26. Each circular loop 26 has a small gap where jogs 27
connect the circular loop 26 to adjacent circular loops 26.
The first winding 25 includes two ends for connecting
wires to the first winding 25. As shown in Fig. 3, the sec-
ond winding 35 has a similar shape as the first winding
25 with a slightly larger diameter to allow the first winding
25 to rotate within the second winding 35. The second
winding 35 comprises a plurality of circular loops 36 with

jogs 37 connecting adjacent loops 36.
[0024] As shown in Fig. 4, the first and second windings
25, 35 are positioned within the housing 45 such that the
circular loops 26, 36 of the first and second windings 25,
35 are aligned with each other. This alignment is adjusted
by the widths of the alignment rings 60a, 60b. The first
winding 25 rotates within the second winding 35 and is
separated from the second winding 35 by a small space
or gap. Because of the alignment and close spacing be-
tween the first and second windings 25, 35, the first and
second windings 25, 35 act as a capacitor that provides
capacitive coupling between the first and second wind-
ings 25, 35. In the preferred embodiment, each of the
first and second windings 25, 35 comprises flat strip con-
ductors wound into the respective winding. As a result,
the first and second windings act as a parallel-plate ca-
pacitor comprising parallel plates (i.e., the conductors of
the first and second windings) separated by the space
between the first and second windings 25, 35.
[0025] During operation, the magnetic cores 20, 30
provide magnetic coupling between the first and second
windings 25, 35 at low frequencies, which couples elec-
trical signals between the windings 25, 35. At higher fre-
quencies, the magnetic coupling between the first and
second windings 25, 35 degrades. The capacitive cou-
pling between the first and second windings 25, 35 pro-
vides a low impedance conduction path between the first
and second windings 25, 35 at higher frequencies. Thus,
the capacitive coupling provides coupling of electrical sig-
nals between the windings 25, 35 at higher frequencies,
thereby extending the frequency response of the rotary
transformer 10 beyond that provided by the magnetic
coupling. As a result, the rotary transformer 10 is able to
couple signals over a wider bandwidth.
[0026] Variations in the capacitive coupling between
the windings 25, 35 during rotation can introduce unwant-
ed amplitude modulation into the signal being coupled
between the windings 25, 35. This amplitude modulation
is a type of signal distortion. In the embodiment shown
in Figs. 1-4, the overlap of the circular loops 26, 36 of the
first and second windings 25, 36 does not change as the
first winding 25 rotates within the second winding 35. As
a result, the capacitive coupling provided by the overlap
of the circular loops 26, 36 of the first and second wind-
ings 25, 35 is substantially constant and independent of
the angular position of the first winding 25. Therefore,
the circular loops 26, 36 reduce amplitude modulation
due to variations in the capacitive coupling during rota-
tion.
[0027] The jogs 27, 37 of the first and second windings
25, 35 cause variations in the capacitive coupling be-
tween the first and second windings 25, 35 during rota-
tion. However, these variations only occur for short time
intervals when the jogs 27, 37 of the first and second
windings 25, 35 overlap. Most of the time during rotation,
the jogs 27, 37 do not overlap, and therefore do not con-
tribute to capacitive coupling between the windings 25,
35. Further, these variations can be minimized by making
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the jogs 27, 37 much smaller than the circular loops 26,
36. To further reduce variations in the capacitive coupling
caused by the jogs 27, 37, the jogs of the first and second
windings can be angled in different directions. An exam-
ple of this is illustrated in Fig. 5, which shows side-by-
side top views of the first winding 125 and second winding
135 according to an exemplary embodiment. The jogs
127, 137 of the first and second windings 126, 136 are
at different angles, which reduces the overlap between
the jogs 127, 137, and hence variations in the capacitive
coupling caused by the overlap of the jogs 127, 137.
[0028] Fig. 6 shows the first winding 225 according to
another exemplary embodiment of the present invention.
In this embodiment, the first winding 225 comprises a flat
strip conductor wound in a helical shape around the mag-
netic core (not shown). The second winding (not shown)
is similarly wound in a helical shape with a slightly larger
diameter than the first winding to allow the first winding
to rotate within the second winding. A drawback of this
embodiment is that the overlap between the two helical
windings varies as the first helical winding rotates within
the second helical windings. As a result, the capacitive
coupling between the two windings varies during rotation
causing amplitude modulation in the signal being coupled
between the windings. The rate of the amplitude modu-
lation is a function of the rate of rotation of the first wind-
ing. However, the amplitude modulation can be estimat-
ed based on the rate of rotation of the first winding, and
the shape of the windings. The estimated amplitude mod-
ulation can be used by signal processing software or
firmware to remove the amplitude modulation from the
coupled signal.
[0029] Methods for fabricating rotary transformers will
now be given. In a preferred embodiment, the first wind-
ing is fabricated from a hollow cylindrical piece of con-
ducting material, e.g., copper or brass. The cylindrical
piece has a thickness that is greater than the thickness
of the first winding and an inner diameter dimensioned
to fit around the first magnetic core. To fabricate the first
winding, material is selectively removed from the cylin-
drical piece, e.g., by cutting or chemical etching, to form
the first winding. For the embodiment in which the first
winding comprises circular loops and jogs, the cylindrical
piece may be cut or etched to form the circular loops and
jogs of the first winding. The cylindrical piece may be cut
using a laser cutter or mechanical tools. After the cylin-
drical piece has been cut or etched to form the first wind-
ing, the first winding is fitted around the first magnetic
core and bonded to the first magnetic core, e.g., by an
adhesive. Preferably, the first winding is thick enough at
this stage to maintain its shape when fitted around the
first magnetic core. After the first winding is bonded to
the rotary shaft, the surface of the first winding is shaved
or thinned down to obtain a desired outer diameter for
the first winding. Thinning down the first winding to the
desired outer diameter advantageously provides precise
control of the outer diameter of the first winding and core
assembly without requiring tight tolerances on the dimen-

sions of the core.
[0030] The second winding is similarly fabricated from
a hollow cylindrical piece of conductive material. Material
is selectively removed from the cylindrical piece to form
the second winding. The second winding is then bonded
to the inner wall of the second magnetic core, and the
surface of the second winding is thinned down to obtain
the desired inner diameter for the second winding.
[0031] The space or gap between the outer diameter
of the first winding and the inner diameter of the second
winding determines the capacitive coupling between the
two windings. Preferably, the gap is made small to pro-
vide greater capacitive coupling between the two wind-
ings. This requires precise control of the outer and inner
diameters of the first and second windings, respectively.
In the preferred embodiment, the first and second wind-
ings are thinned down to the desired outer and inner di-
ameters, respectively, and hence the desired gap be-
tween the two windings. Machining the windings to obtain
the desired gap between the windings is easier and more
economical than machining the magnetic cores to obtain
the desired gap because the magnetic cores are typically
made of brittle ferrite material which is more difficult to
machine. It is also possible to obtain the desired gap by
only thinning down one of the windings.
[0032] Fig. 7 shows a diagram of an exemplary cath-
eter system, in which a rotary transformer 10 can be used.
The exemplary catheter system comprises a catheter
body 342, a drive cable 340 disposed within a lumen of
the catheter body 342, and an ultrasound transducer 345,
e.g., piezoelectric element, attached to a distal end of
the drive cable 340. The system further comprises the
rotary transformer 10, a drive motor 320, and electronics
310 for processing signals to and from the transducer
345. The electronics may include filters, ultrasound signal
processors, and the like. The rotary shaft of the rotary
transformer is mechanically coupled between the drive
cable 340 and the drive motor 320. For the exemplary
rotary transformer shown in Fig. 4, the drive cable 340
is coupled to end 18 of the rotary shaft 15 and the drive
motor 320 is coupled to end 16 of the rotary shaft 16.
The rotary shaft mechanically couples the drive motor
320 to the drive cable 340 enabling the drive motor 320
to rotate the drive cable 340, and hence the transducer
345 attached to the distal end of the drive cable 340. The
system further comprises a transmission line 350 running
through the drive cable 340 and electrically coupled be-
tween the transducer 345 and the first winding of the
rotary transformer 10. The transmission line 350 rotates
with the drive cable 340 and may comprise a coaxial ca-
ble, twisted pair wires, or the like. The transmission line
350 of the transducer 345 rotates relative to the trans-
mission line 360 of the electronics 310, which is coupled
to the second winding of the rotary transformer. The ro-
tary transformer couples electrical signals between the
two transmission lines 350, 360 enabling electrical com-
munication between the rotating transducer 345 and the
electronics 310. The electronics 310 need not be station-
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ary. For example, the electronics 310 and the transducer
345 may both move longitudinally while the transducer
345 rotates relative to the electronics 310. The rotary
transformer is not limited to use with rotating transducers
and may be used in other applications where electrical
communication is needed between rotating and non-ro-
tating components in a system.
[0033] Multiple signals may be coupled by a rotary
transformer. For example, the rotary transformer in Figs.
1-4 may have multiple pairs of windings positioned along
a common rotary shaft, where each pair of windings is
used to couple one signal. In this example, the rotary
transformer may comprise multiple non-rotating cores
and a separate winding for each non-rotating core. The
rotary transformer may further comprise multiple rotating
cores on the common rotary shaft and a separate winding
for each rotating core where the winding of each rotating
core rotates within the winding of one of the non-rotating
cores. The turn rations of the first and second windings
may be different to provide impedance matching or volt-
age step-up or step-down. Further, the inner winding may
be stationary while the outer winding rotates around the
inner winding.
[0034] In the foregoing specification, the invention has
been described with reference to specific embodiments
thereof. It will, however, be evident that various modifi-
cations and changes may be made thereto without de-
parting from the broader spirit and scope of the invention.
For example, the reader is to understand that the specific
ordering and combination of process actions described
herein is merely illustrative, and the invention can be per-
formed using different or additional process actions, or
a different combination or ordering of process actions.
As a further example, each feature of one embodiment
can be mixed and matched with other features shown in
other embodiments. Additionally and obviously, features
may be added or subtracted as desired. Accordingly, the
invention is not to be restricted except in light of the at-
tached claims.

Claims

1. A rotary transformer, comprising:

a rotary shaft (15);
a first magnetic core (20) on the rotary shaft (15);
a first winding (25) wound around the first mag-
netic core (20); a second magnetic core (30),
wherein the second magnetic core (30) is hol-
low,
a second winding (35) wound along an inner wall
of the second magnetic core (30), and
a housing (45), wherein the second magnetic
core (30) and second winding (35) are housed
in the housing (45), the rotary shaft (15), first
magnetic core (20) and first winding (25) are ro-
tatably housed in the housing (45), and the first

winding (25) is rotatably disposed within the sec-
ond magnetic core (30) and characterized in
that the first winding (25) comprises a plurality
of circular loops (26), each circular loop (26) hav-
ing a gap, and jogs (27) connecting adjacent cir-
cular loops (26); and
the second winding (35) comprises a plurality of
circular loops (36), each circular loop (36) having
a gap, and jogs (37 connecting adjacent circular
loops (36), wherein the circular loops (26, 36) of
the first (25) and second (35) windings overlap
and the overlap of the circular loops (26, 36)
does not change during rotation of the rotary
shaft (15) to maintain capacitive coupling be-
tween the first (25) and second (35) windings
substantially constant and wherein the first (25)
and second (35) windings are positioned within
the housing (45) such that the circular loops (26,
36) of the first (25) and second (35) windings
are aligned with each other.

2. The rotary transformer of claim 1, wherein the first
winding (25) comprises a substantially flat conductor
wound around the first magnetic core (20).

3. The rotary transformer of claim 2, wherein the sec-
ond winding (25) comprises a substantially flat con-
ductor wound along the inner wall of the second core
(30).

4. The rotary transformer of claim I, wherein the first
winding (25) is wound around a rotational axis of the
rotary shaft (15).

5. The rotary transformer of claim 4, wherein the sec-
ond winding (35) is wound around the rotational axis
of the rotary shaft (15).

6. The rotary transformer of claim 1, further comprising
a first magnetic core end (28) on the rotary shaft (15)
located adjacent to the first magnetic core, wherein
the first magnetic core end (28) has a larger outer
diameter than the first magnetic core (20).

7. The rotary transformer of claim 6, further comprising
a second magnetic core end (38) located adjacent
to the second magnetic core (30), wherein the sec-
ond magnetic core end (38) is hollow and has a
smaller inner diameter than the second magnetic
core (30).

8. The rotary transformer of claim 1, further comprising
first (2) and second (38) magnetic core ends, where-
in the first (20) and second (30) magnetic cores are
located between the first (28) and second (38) mag-
netic core ends.

9. A catheter system, comprising:
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a catheter body (342) having a lumen;
a work element (345) rotatably received within
the lumen of the catheter body (343); and
the rotary transformer (10) of claim 1.

10. The catheter system of claim 9, wherein the work
element comprises an ultrasound transducer (345).

11. The catheter system of claim 9, wherein the first
winding (25) comprises a substantially flat conductor
wound around the first magnetic core (20).

12. The catheter system of claim 9, wherein the first
winding (25) is wound arowld a rotational axis of the
rotary shaft (15).

13. The catheter system of claim 12, wherein the second
winding (35) is wound around the rotational axis of
the rotary shaft (15).

14. The catheter system of claim 9, further comprising
a drive motor (320) mechanically coupled to the ro-
tary shaft (15).

15. The catheter system of claim 9, further comprising
a first magnetic core end (28) on the rotary shaft (15)
located adjacent to the first magnetic core (20),
wherein the first magnetic core end (28) has a larger
outer diameter than the first magnetic core (20).

Patentansprüche

1. Drehtransformator, mit:

einer Drehwelle (15);
einem ersten Magnetkern (20) auf der Drehwel-
le (15);
einer ersten Wicklung (25), die um den ersten
Magnetkern (20) gewickelt ist;
einem zweiten Magnetkern (30), wobei der
zweite Magnetkern (30) hohl ist,
einer zweiten Wicklung (35), die längs einer In-
nenwand des zweiten Magnetkerns (30) gewi-
ckelt ist, und
einem Gehäuse (45), wobei der zweite Magnet-
kern (30) und die zweite Wicklung (35) im Ge-
häuse (45) untergebracht sind, die Drehwelle
(15), der erste Magnetkern (20) und die erste
Wicklung (25) drehbar im Gehäuse (45) unter-
gebracht sind, und die erste Wicklung (25) dreh-
bar im zweiten Magnetkern (30) angeordnet ist,
dadurch gekennzeichnet, dass die erste
Wicklung (25) eine Vielzahl von kreisförmigen
Windungen (26), wobei jede kreisförmige Win-
dung (26) einen Spalt aufweist, und Versatzstü-
cke (27) aufweist, die benachbarte kreisförmige
Windungen (26) verbinden; und die zweite

Wicklung (35) eine Vielzahl von kreisförmigen
Windungen (36), wobei jede kreisförmige Win-
dung (36) einen Spalt aufweist, und Versatzstü-
cke (37) aufweist, die benachbarte kreisförmige
Windungen (36) verbinden, wobei sich die kreis-
förmigen Windungen (26, 36) der ersten (25)
und zweiten (35) Wicklung überlappen und sich
die Überlappung der kreisförmigen Windungen
(26, 36) während der Rotation der Drehwelle
(15) nicht ändert, um eine kapazitive Kopplung
zwischen der ersten (25) und zweiten (35) Wick-
lung im Wesentlichen konstant zu halten, und
wobei die erste (25) und zweite (35) Wicklung
so innerhalb des Gehäuses (45) angeordnet
sind, dass die kreisförmigen Windungen (26, 36)
der ersten (25) und zweiten (35) Wicklung mit-
einander ausgerichtet sind.

2. Drehtransformator nach Anspruch 1, wobei die erste
Wicklung (25) einen im Wesentlichen flachen Leiter
aufweist, der um den ersten Magnetkern (20) gewi-
ckelt ist.

3. Drehtransformator nach Anspruch 2, wobei die zwei-
te Wicklung (25) einen im Wesentlichen flachen Lei-
ter aufweist, der entlang der Innenwand des zweiten
Kerns (30) gewickelt ist.

4. Drehtransformator nach Anspruch 1, wobei die erste
Wicklung (25) um eine Drehachse der Drehwelle
(15) gewickelt ist.

5. Drehtransformator nach Anspruch 4, wobei die zwei-
te Wicklung (35) um die Drehachse der Drehwelle
(15) gewickelt ist.

6. Drehtransformator nach Anspruch 1, der ferner ein
erstes Magnetkernende (28) auf der Drehwelle (15)
aufweist, das benachbart zum ersten Magnetkern
angeordnet ist, wobei das erste Magnetkernende
(28) einen größeren Außendurchmesser als der ers-
te Magnetkern (20) aufweist.

7. Drehtransformator nach Anspruch 6, der ferner ein
zweites Magnetkernende (38) aufweist, das benach-
bart zum zweiten Magnetkern (30) angeordnet ist,
wobei das zweite Magnetkernende (38) hohl ist und
einen kleineren Innendurchmesser als der zweite
Magnetkern (30) aufweist.

8. Drehtransformator nach Anspruch 1, der ferner ein
erstes (28) und ein zweites (38) Magnetkernende
aufweist, wobei der erste (20) und zweite (30) Mag-
netkern zwischen dem ersten (28) und zweiten (38)
Magnetkernende angeordnet sind.

9. Kathetersystem, das aufweist:
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einen Katheterkörper (342) mit einem Lumen;
einem Arbeitselement (345), das drehbar im Lu-
men des Katheterkörpers (342) aufgenommen
ist; und
den Drehtransformator (10) nach Anspruch 1.

10. Kathetersystem nach Anspruch 9, wobei das Arbeit-
selement einen Ultraschallwandler (345) aufweist.

11. Kathetersystem nach Anspruch 9, wobei die erste
Wicklung (25) einen im Wesentlichen flachen Leiter
aufweist, der um den ersten Magnetkern (20) gewi-
ckelt ist.

12. Kathetersystem nach Anspruch 9, wobei die erste
Wicklung (25) um eine Drehachse der Drehwelle
(15) gewickelt ist.

13. Kathetersystem nach Anspruch 12, wobei die zweite
Wicklung (35) um die Drehachse der Drehwelle (15)
gewickelt ist.

14. Kathetersystem nach Anspruch 9, das ferner einen
Antriebsmotor (320) aufweist, der mechanisch mit
der Drehwelle (15) gekoppelt ist.

15. Kathetersystem nach Anspruch 9, der ferner ein ers-
tes Magnetkemende (28) auf der Drehwelle (15) auf-
weist, das benachbart zum ersten Magnetkern (20)
angeordnet ist, wobei das erste Magnetkernende
(28) einen größeren Außendurchmesser als der ers-
te Magnetkern (20) aufweist.

Revendications

1. Transformateur rotatif, comprenant :

un arbre rotatif (15) ;
un premier noyau magnétique (20) sur l’arbre
rotatif (15) ;
un premier enroulement (25) enroulé autour du
premier noyau magnétique (20) ; un deuxième
noyau magnétique (30), ledit deuxième noyau
magnétique (30) étant creux,
un deuxième enroulement (35) enroulé le long
d’une paroi intérieure du deuxième noyau ma-
gnétique (30), et
un boîtier (45), le deuxième noyau magnétique
(30) et le deuxième enroulement (35) étant logés
dans le boîtier (45), l’arbre rotatif (15), le premier
noyau magnétique (20) et le premier enroule-
ment (25) étant logés de manière rotative dans
le boîtier (45), et le premier enroulement (25)
étant disposé de manière rotative à l’intérieur du
deuxième noyau magnétique (30),

caractérisé en ce que

le premier enroulement (25) comporte une plu-
ralité de boucles circulaires (26), chaque boucle
circulaire (26) présentant un espacement, et des
crans (27) reliant des boucles circulaires (26)
adjacentes ; et
le deuxième enroulement (35) comporte une
pluralité de boucles circulaires (36), chaque
boucle circulaire (36) présentant un espace-
ment, et des crans (37) reliant des boucles cir-
culaires (36) adjacentes, les boucles circulaires
(26, 36) du premier (25) et du deuxième (35)
enroulements se chevauchant et le chevauche-
ment des boucles circulaires (26, 36) restant in-
changé pendant la rotation de l’arbre rotatif (15)
pour maintenir sensiblement constant le coupla-
ge capacitif entre le premier (25) et le deuxième
(35) enroulements,
et le premier (25) et le deuxième (35) enroule-
ments sont mis en place à l’intérieur du boîtier
(45) de manière à aligner les unes par rapport
aux autres les boucles circulaires (26, 36) du
premier (25) et du deuxième (35) enroulements.

2. Transformateur rotatif selon la revendication 1, où
le premier enroulement (25) comprend un conduc-
teur sensiblement plat enroulé autour du premier
noyau magnétique (20).

3. Transformateur rotatif selon la revendication 2, où
le deuxième enroulement (25) comprend un conduc-
teur sensiblement plat enroulé autour de la paroi in-
térieure du deuxième noyau (30).

4. Transformateur rotatif selon la revendication 1, où
le premier enroulement (25) est enroulé autour d’un
axe de rotation de l’arbre rotatif (15).

5. Transformateur rotatif selon la revendication 4, où
le deuxième enroulement (35) est enroulé autour de
l’axe de rotation de l’arbre rotatif (15).

6. Transformateur rotatif selon la revendication 1, com-
prenant en outre une première extrémité (28) de
noyau magnétique sur l’arbre rotatif (15), adjacente
au premier noyau magnétique, ladite première ex-
trémité (28) de noyau magnétique ayant un diamètre
extérieur supérieur à celui du premier noyau magné-
tique (20).

7. Transformateur rotatif selon la revendication 6, com-
prenant en outre une deuxième extrémité (38) de
noyau magnétique adjacente au deuxième noyau
magnétique (30), ladite deuxième extrémité (38) de
noyau magnétique étant creuse et ayant un diamètre
intérieur inférieur à celui du deuxième noyau magné-
tique (30).

8. Transformateur rotatif selon la revendication 1, com-
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prenant en outre une première (28) et une deuxième
(38) extrémités de noyau magnétique, la première
(20) et la deuxième (30) noyau magnétiques étant
situées entre la première (28) et la deuxième (38)
extrémités de noyau magnétique.

9. Système de cathéter, comprenant :

un corps de cathéter (342) présentant une
lumière ;
un élément de travail (345) logé de manière ro-
tative à l’intérieur de la lumière du corps de ca-
théter (342) ; et
le transformateur rotatif (10) selon la revendica-
tion 1.

10. Système de cathéter selon la revendication 9, où
l’élément de travail comprend un transducteur à ul-
trasons (345).

11. Système de cathéter selon la revendication 9, où le
premier enroulement (25) comprend un conducteur
sensiblement plat enroulé autour du premier noyau
magnétique (20).

12. Système de cathéter selon la revendication 9, où le
premier enroulement (25) est enroulé autour d’un
axe de rotation de l’arbre rotatif (15).

13. Système de cathéter selon la revendication 12, où
le deuxième enroulement (35) est enroulé autour de
l’axe de rotation de l’arbre rotatif (15).

14. Système de cathéter selon la revendication 9, com-
prenant en outre un moteur d’entraînement (320) ac-
couplé mécaniquement à l’arbre rotatif (15).

15. Système de cathéter selon la revendication 9, com-
prenant en outre une première extrémité (28) de
noyau magnétique sur l’arbre rotatif (15) adjacente
au premier noyau magnétique (20), ladite première
extrémité (28) de noyau magnétique ayant un dia-
mètre extérieur supérieur à celui du premier noyau
magnétique (20).
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