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(54) Inductive rotary joint

(57) An inductive power transfer circuit comprises an
inductive rotary coupling with a primary side rotatably
arranged a secondary side. The primary side has a pri-
mary winding and the secondary side has at least two
secondary windings. The secondary windings deliver a
signal with the same phase and are connected at one
end to a pair of capacitors, being further connected to a
positive output and a negative output. The other ends of
the secondary windings each are separately connected

to a pair of rectifiers connected in forward direction to the
positive output and in reverse direction to the negative
output.

By paralleling multiple secondary windings and rec-
tifier circuits, the stray inductances and capacitances can
be reduced which further leads to a reduced base load
which helps to reduce total energy consumption of the
circuit.
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Description

Field of the invention

[0001] The invention relates to an inductive power cou-
pling device for coupling electrical power between two
units being rotatable against each other, specifically for
power couplers used in computer tomography scanners.
Such power couplers are also known as rotary joints.

Description of the related art

[0002] In computer tomography (CT) scanners and
other related machines high-power in the range of 10 kW
up to more than 100 kW is transferred from a stationary
to a rotating side. There, a high voltage in the range of
above hundred kilovolts is generated to produce x-ray
radiation.
[0003] In the US patent US 7,054,411 a multiple chan-
nel inductive rotary joint is disclosed. It has inductive
channels for transferring power from the stationary to the
rotating side. There is an auxiliary power and a main pow-
er circuit. Furthermore a capacitive feedback link for pow-
er control is provided.

Summary of the invention

[0004] The problem to be solved by the invention is to
provide an inductive power coupling device which has a
large dynamic range and requires a comparatively low
base load.
[0005] Solutions of the problem are described in the
independent claims. The dependent claims relate to fur-
ther improvements of the invention.
[0006] Inductive rotary joints usually are built like pow-
er transformers, where one side is rotating against an-
other side. For example, in CT scanners, power has to
be transferred from the stationary to the rotating side.
Therefore, the power coupler is a transformer having a
stationary primary winding and a rotating secondary
winding. For simplicity, the following explanations and
embodiments refer to such a CT scanner rotary joint. It
is obvious, that the same can be applied to any rotary
joint in general and furthermore not only to a rotary joint
for transferring power from a stationary to a rotating side,
but also to a rotary joint for transferring power from a
rotating to a stationary side.
[0007] As a transformer can only transfer AC (alternat-
ing current), it is either fed by an AC line voltage or by
an inverter, generating an AC voltage of a higher fre-
quency which can better be transferred via a rotating
transformer. Therefore, it is preferred to have an inverter
at the primary side. At the secondary or output side, in
most cases this AC voltage is converted to a DC voltage
to provide a DC output. This may be done by a bridge
rectifier, followed by a filtering capacitor to generate a
smooth DC voltage.
[0008] In certain environments, like a CT scanner, the

load range of the inductive power coupling device is com-
paratively broad. Under full load conditions, an X-ray tube
may be supplied with power in an order of 100 kW or
more. During idling, when most of the systems like the
X-ray tube and the detector are off, only a small number
of low power consuming devices must be supplied with
electrical power. In the past few years, the power con-
sumption of computers, memories, and other electronic
components has continuously decreased, so that the
idling power of CT scanners also decreased significantly,
whereas the required full load power of the X-ray tubes
has increased due to higher X-ray power requirements.
A rotary joint as used in a CT scanner is comparatively
large. A typical CT scanner may have a diameter of be-
tween 1 m and 1.5 m. Therefore, the primary winding and
the secondary winding are also comparatively large. Fur-
thermore, it is impossible to have an extremely small air
gap between the rotating and the stationary part, as there
are mechanical tolerances. This causes a comparatively
large stray inductance of the transformer. The large di-
ameter further results in large windings and therefore in
comparatively large parasitic capacitances within the
windings, between the windings and between individual
turns of the windings. The stray inductance or parasitic
inductance in conjunction with the parasitic winding ca-
pacitances causes a parasitic resonant circuit which
leads to an increase of the output voltage under high Q
conditions of the parasitic resonant circuit which are met
when the load at the output of the power coupler has a
high resistance. Therefore, a high output resistance or
low load drawing a low power at the output causes the
output voltage to increase. This may lead to damaging
of electronic components at the rotating side. To prevent
an unwanted increase of output voltage, there may be a
base load or dummy load which decreases the Q factor
of the resonant circuit, and therefore decreases the out-
put voltage in an idle state. A dummy load is not econom-
ical and requires further components like a high power
resistor and cooling means like fans. Therefor it is desir-
able to design the inductive power coupler such, that no
dummy load is required or at least the power dissipated
in a dummy load is reduced.
[0009] To reduce the required dummy load, an in-
crease of the output voltage is reduced in an inductive
power coupler. This is done by reducing the stray induct-
ance and the total parasitic capacitance in the inductive
power coupler and by providing a new rectifier circuit.
[0010] In a first embodiment, there are at least two sec-
ondary windings on the secondary side, which preferably
is the rotating side. These secondary windings are wound
in the same direction, have the same number of turns,
and are connected together either at the beginning of the
windings or at the end of the windings at a common con-
nection point. This common connection point is connect-
ed to a pair of capacitors, wherein the first capacitor is
connected to a positive output, and the second capacitor
is connected to the negative output. The other ends of
the windings are each connected to a pair of rectifiers.
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For each secondary winding an individual pair of rectifiers
is provided. If there are multiple secondary windings con-
nected to the same pair of rectifiers, this works like a
single secondary winding in the sense of this embodi-
ment.
[0011] Each pair of rectifiers comprises a first rectifier
connected in a forward direction to the positive output,
and a second rectifier in reverse direction connected to
a negative output. Preferably, at least one of the rectifiers
comprises a diode, but it may also comprise any equiv-
alent element, like an actively controlled switch which
may be a FET.
[0012] By this circuit, a plurality of windings are con-
nected in parallel in the same direction by means of rec-
tifiers.
[0013] Compared to a full-bridge rectifier, which simply
delivers an output voltage roughly corresponding to one
half of the peak to peak AC voltage coming from a sec-
ondary winding, this circuit acts as a voltage doubler and
delivers approximately the full peak to peak output volt-
age of a secondary winding. For this reason, each sec-
ondary winding requires only half the number of turns
compared to a circuit supplying a full-bridge rectifier. As
a result, the energy stored in the parasitic capacitance
is significantly lower and therefore a lower dummy load
or higher dummy load resistance is required, which fur-
ther leads to lower heat dissipation during idling.
[0014] In a further embodiment, the at least two sec-
ondary windings are wound parallel. This means that the
wires of the windings are guided in parallel, preferably in
close contact to each other. This leads to a significantly
reduced parasitic capacitance between the turns. At the
areas where the turns are in close proximity to each other,
there is a comparatively large parasitic capacitance be-
tween the neighbored turns. As the windings are wound
in the same direction, there is no voltage difference be-
tween the neighbored turns, and therefore the parasitic
capacitance does not lead to a movement of charges,
and therefore a parasitic current flow. As a result, this
component of the parasitic capacitance has no effect.
Therefore, the total parasitic capacitance can be signifi-
cantly reduced by aligning the at least two windings in
parallel.
[0015] It is required that there are at least two second-
ary windings, but it is obvious that there may be any high-
er number of secondary windings.
[0016] In a further preferred embodiment, there is a
DC/DC converter between the positive output and neg-
ative outputs and the load. This DC/DC converter may
be an up-converter a down converter or a combination
thereof. It also may be switchable between up - and
down-conversion. Alternatively, there may also be a
DC/AC converter.
[0017] In a further embodiment, the first capacitor and
the second capacitor dimensioned as part of the total
resonance capacitance of a series resonance converter.
[0018] Furthermore, it is preferred, if the total reso-
nance capacitance of a series resonance converter is

formed by at least one primary resonance capacitor (131)
and on the secondary side a first capacitor (231) and a
second capacitor (232).
[0019] According to another embodiment, the total res-
onance capacitance of a series resonance converter is
formed by at least one primary resonance capacitor (131)
and on the secondary side a first capacitor (231) and a
second capacitor (232) being approximately evenly dis-
tributed between primary and secondary side. Further-
more, the winding ratio primary to secondary winding
may be approximately 2. When dimensioning the capac-
itors the winding ratio needs to be considered. E.g. with
the capacitance evenly distributed between primary and
secondary side and a winding ratio of 2 of primary to
secondary winding the secondary capacitors (231, 232)
capacitance each should have approximately 2 times the
value of the primary capacitor’s (131) capacitance which
has approximately half the value of the total resonance
capacitance necessary.
[0020] It is most efficient to use the embodiments dis-
closed herein in large rotating power transformers, as in
such large units there is a significant improvement, al-
though it may be beneficial to apply the embodiments to
smaller units.

Description of Drawings

[0021] In the following the invention will be described
by way of example, without limitation of the general in-
ventive concept, on examples of embodiment with refer-
ence to the drawings.

Figure 1 shows a preferred embodiment.

Figure 2 shows a first current diagram.

Figure 3 shows a second current diagram.

Figure 4 shows a circuit diagram with parasitic com-
ponents.

Figure 5 shows a cross-section through a conven-
tional secondary winding.

Figure 6 shows the parasitic capacitances between
neighbored windings

Figure 7 shows a scheme of a preferred embodi-
ment.

Figure 8 shows the parasitic capacitances and volt-
ages of a preferred embodiment.

Figure 9 shows schematically a CT (Computed To-
mography) scanner gantry.

[0022] In Figure 1, a preferred embodiment with two
separate primary windings is shown. It is required that
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there are at least two secondary windings, but it is obvi-
ous that there may be any higher number of secondary
windings.
[0023] An inductive power coupler has a primary side
100 and a secondary side 200, which are rotatable
against each other.
[0024] At the primary side 100, there is a primary wind-
ing 110, which preferably is supplied by an inverter 120
with an AC signal, preferably having a frequency signif-
icantly higher than the standard line frequency. Prefera-
bly, there is a primary resonance capacitor 131 between
the inverter and the primary winding. It is preferred to
have a frequency in the range from 1 kHz to 100 kHz,
preferably between 20 and 40 kHz. At the secondary side
200, there are at least two secondary windings with a
first secondary winding 211 and a second secondary
winding 212 as shown in this figure. The dots marked on
the top of the windings show the beginnings of the wind-
ings or the ends of the windings. It is not essential which
end of a winding is meant, but it is essential that the wind-
ings are oriented in the same direction and have the same
number of turns. The orientation of the secondary wind-
ings with respect to the primary winding is not relevant.
It may be changed without any negative effect. Further-
more, there may be any number of primary windings. The
first secondary winding 211 has a first output 213 and a
second output 214. The second secondary winding 212
has a first output 215 and a second output 216. The sec-
ond outputs 214 and 216 are connected together and are
further connected to a first capacitor 231, and a second
capacitor 232.
[0025] The first capacitor 231 being connected to a
positive output 251and the second capacitor 232 being
connected to a negative output 252. The first capacitor
231 and the second capacitor 232 are dimensioned as
resonance capacitors. It is preferred, if the primary res-
onance capacitor 131 and the secondary resonance ca-
pacitors (231, 232) have approximately the same values,
which results in a further lowering of the output voltage
at underload. Due to the same orientation of the first and
the second secondary windings, the output signals at the
first winding outputs 213 and 215 are the same. Each of
the first winding outputs is connected to a pair of rectifiers
222, 224 and 221, 223. The rectifiers are oriented in a
forward direction towards the positive output 251 and in
a negative direction to the negative output 252. Prefera-
bly, there is a secondary filter capacitor 233 between the
positive output 251 and the negative output 252 parallel
to the load. Basically, there are two parallel voltage dou-
bler circuits. Due to the voltage doubling, the output volt-
age of each winding is twice the voltage compared to a
bridge rectifier circuit. As a consequence, the number of
required turns may also be half the number of a bridge
rectifier circuit. Consequently, the inductance of the wind-
ings is ¨, resulting in a reduced stray inductance about
¨. This leads to a significantly reduced energy in the
inductive circuit, and therefore, the minimum load at the
load component 240 can be reduced significantly. Tests

have shown on large inductive couplers like these used
for CT scanners, that the minimum load is about half the
minimum load of a full-bridge circuit or a regular half
bridge circuit. Therefore, a dummy load, which may be
part of the load 240 can be reduced.
[0026] In Figure 2, a first simplified current diagram is
shown with the voltages at the first winding output 213,
215 being positive with respect to the voltages at the
winding outputs 214, 216. There is a first current path
261 from the first winding output 213 of the first secondary
winding, propagating through rectifier 222 to the positive
output 251 and via capacitor 231 to the second winding
output 214 of the first primary winding. From the second
secondary winding 212, current propagates beginning
from its first winding output 215 via a second current path
262 through rectifier 221 to the positive output 251 and
via capacitor 231 back to the second winding output 216
of the second secondary winding 212.
[0027] In Figure 3, a second simplified current diagram
is shown with the voltages at the first winding output 213,
215 being negative with respect to the voltages at the
winding outputs 214, 216. Current through the first sec-
ondary winding 211 is propagating from the second wind-
ing output 214 via current path 263 through capacitor 232
to the negative output 252 and through rectifier 224 back
to the first winding output 213. Current through the sec-
ond secondary winding 212 is propagating from second
winding output 216 via current path 264 through capacitor
232 to the negative output 252 and through rectifier 223
to the first winding output 215. It can be seen in these
current diagrams that the current through both secondary
windings is flowing at the same time through different
rectifiers oriented in the same direction into the same
capacitor. As shown in this embodiment, during a positive
half wave, the current may charge the first capacitor 231
and during a negative half wave, the current may charge
the second capacitor 232.
[0028] In Figure 4, a circuit diagram with parasitic com-
ponents is shown. In addition to the previously shown
circuit components, a parasitic series inductance 311 of
the first secondary winding 211 and a second stray in-
ductance 312 of the second secondary winding 212 are
shown. Furthermore, a first parasitic capacitance 321 of
the first secondary winding 211 and a second parasitic
capacitance 322 of the second secondary winding 212
are shown. There may be parallel resonances with the
mutual inductance of the secondary winding and the par-
asitic capacitance as well as series resonances with the
stray inductances of the secondary winding together with
the parasitic capacitances.
[0029] In Figure 5, a cross-section through a conven-
tional secondary winding is shown. There may be one
piece of wire wound several times around a bobbin or
within a magnetic core. The winding may have a plurality
of layers to use the available winding space. Usually, the
turns of the windings are wound layer for layer. This figure
shows a schematic diagram with a winding starting with
a first turn 601 and ending with a tenth turn 610. The
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turns are wound in sequence. Each turn has a parasitic
capacitance as will be shown later, to its neighbored
turns. As there are ten turns, the voltage difference be-
tween the beginnings of neighbored turns in the same
layer is 1/10 of the total voltage. The voltage difference
between turns of different layers is determined by the
number of turns electrically connected in-between these
turns. For example, between the turns 605 and 606, the
voltage is only 1/10 of the total voltage. Between the first
turn 601 of the winding and the last turn 610, the voltage
is 9/10 of the total voltage. It is noted that the last 1/10
of the voltage is between the beginning and the end of
the last turn 610.
[0030] In Figure 6, the parasitic capacitances between
neighbored turns are shown in a schematic of a section
of the previous Figure. The beginning of turn 608 has
parasitic capacitances 611 and 612 between the neigh-
bored turns 607 and 609. The voltages 621 and 622
there-between are 1/10 of the total voltage. The parasitic
capacitance 613 between turn 608 and 603 is the same
as the parasitic capacitances 621 and 622, but the volt-
age 623 between turn 608 and 603 is 5/9 of the total
voltage, as there are four other turns in-between. There-
fore, the current flowing through the parasitic capacitance
613 is 5-times as high as the current through parasitic
capacitances 611 and 612. As a consequence the par-
asitic capacitance 613 has a significant higher contribu-
tion to the total parasitic capacitance the capacitances
611 and 612.
[0031] In Figure 7, a schematic arrangement of a pre-
ferred embodiment of the secondary transformer wind-
ings is shown. There may be a first secondary winding
comprising the turns 651 to 655 and a second secondary
winding comprising the turns 661 to 665. The turns
marked with a dot in the schematic diagrams may be the
turns 651 and 661. As these turns are wound in the same
direction, there is the same voltage at these turns, and
therefore there is no voltage between the neighbored
turns which may be in different layers, like turns 651 and
661. This applies to all successive turns ending with turns
655 and 665 which also have the same voltage.
[0032] In Figure 8, the parasitic capacitances and volt-
ages of a preferred embodiment are shown. Again, as
previously shown, there are parasitic capacitances 671,
672 and 673 between neighbored windings which have
approximately the same capacitance. The voltages 682,
681 between turns 663 and 662, as well as turns 664 and
turn 663 are about the same as the voltages between
the turns 609, 608 and 607 shown in the previous exam-
ple. It should be noted that the total voltage at the winding
in this embodiment is only half the total voltage compared
to the previous example for driving a full-bridge rectifier.
Therefore, the voltage difference at five turns is the same
as at ten turns in the previous example. As the second
secondary winding’s turn 663 has the same voltage as
the first secondary winding’s turn 653, the voltage 683
between these windings is zero, and therefore no current
is flowing through the parasitic capacitance 673. As a

consequence, there is no contribution of this parasitic
capacitance 673 to the total parasitic capacitance. There-
fore, by using this winding arrangement, the total effec-
tive parasitic capacitance (321, 322) can be reduced,
which further leads to a reduction of energy in the reso-
nant circuit, and therefore the base load and a dummy
load can further be decreased.
[0033] Figure 9 shows schematically a CT (Computed
Tomography) scanner gantry. The stationary part is sus-
pended within a massive frame 810. The rotating part
809 of the gantry is rotatably mounted with respect to the
stationary part and rotates along the rotation direction
808. The rotating part may be a metal disk which supports
an X - ray tube 801, a detector 803 and further electronic
and mechanic components. This disk may define a sec-
ondary ground. The X-ray tube is used for generating an
X-ray beam 802 that radiates through a patient 804 lying
on a table 807 and which is intercepted by a detector 803
and converted to electrical signals and imaging data
thereof. The data obtained by the detector 803 are trans-
mitted via a contactless rotary joint (not shown) to an
evaluation unit 806 by means of a data bus or network
805. Electrical power from a stationary power supply unit
811 may be transmitted by an inductive power coupler
800 to the rotating part. Other scanners like baggage
scanners work in a similar way.

List of reference numerals

[0034]

100 primary side
110 primary winding
120 inverter
131 primary resonance capacitor
200 secondary side
211, 212 secondary windings
213 - 216 winding outputs
221 - 224 rectifiers
231, 232 capacitors
233 filter capacitor
240 load
251 positive output
252 negative output
261 - 264 current paths
311, 312 stray inductances
321, 322 parasitic capacitances
601 - 610 prior art secondary winding turns
611 - 613 prior art parasitic capacitances
621 - 623 prior art voltages
651 - 655 first secondary winding turns
661 - 665 second secondary winding turns
671 - 673 prior art parasitic capacitances
681 - 683 prior art voltages
800 inductive power coupler
801 x-ray tube
802 x-ray beam
803 x-ray detector
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804 patient
805 network
806 evaluation unit
807 patient table
808 rotation direction
809 rotating part
810 frame
811 power supply unit

Claims

1. Inductive power transfer circuit comprising at least
an inductive rotating coupler having a primary side
(100) rotatably arranged against a secondary side
(200),
the primary side comprising at least a primary wind-
ing (110),
the secondary side (200) comprising at least a first
secondary winding (211) and a second secondary
winding (212), both windings having approximately
the same number of turns and being oriented to pro-
duce an output voltage with the same amplitude
phase, and having first winding outputs (213, 215)
and second winding outputs (214, 216),
characterized in that
the second winding outputs (214, 216) are connect-
ed together and are further connected to a first ca-
pacitor (231) and a second capacitor (232), the first
capacitor (231) being connected to a positive output
(251) and the second capacitor (232) being connect-
ed to a negative output (252), each of the first winding
outputs (213, 215) being independently connected
by a first rectifier in forward direction to the positive
output and a second rectifier being connected in re-
verse direction to the negative output.

2. Inductive power transfer circuit comprising at least
an inductive rotating coupler having a primary side
(100) rotatably arranged against a secondary side
(200),
the primary side comprising at least one primary
winding (110),
the secondary side (200) comprising at least one
secondary winding (211) having a first winding out-
put (213) and a second winding output (214),, char-
acterized in that
the second winding output (214) further connected
to a first capacitor (231) and a second capacitor
(232), the first capacitor (231) being connected to a
positive output (251) and the second capacitor (232)
being connected to a negative output (252), the first
winding output (213) being independently connected
by a first rectifier in forward direction to the positive
output and a second rectifier being connected in re-
verse direction to the negative output, and
the first capacitor (231) and the second capacitor
(232) are dimensioned as part of the total resonance

capacitance of a series resonance converter.

3. Inductive power transfer circuit according to claim 1,
characterized in that
the first capacitor (231) and the second capacitor
(232) dimensioned as part of the total resonance ca-
pacitance of a series resonance converter.

4. Inductive power transfer circuit according to any one
of the previous claims,
characterized in that
the total resonance capacitance of a series reso-
nance converter is formed by at least one primary
resonance capacitor (131) and on the secondary
side a first capacitor (231) and a second capacitor
(232).

5. Inductive power transfer circuit according to any one
of the previous claims,
characterized in that
the total resonance capacitance of a series reso-
nance converter is formed by at least one primary
resonance capacitor (131) and on the secondary
side a first capacitor (231) and a second capacitor
(232) being approximately evenly distributed be-
tween primary and secondary side.

6. Inductive power transfer circuit according to any one
of the previous claims,
characterized in that
winding ratio primary to secondary winding being ap-
proximately 2.

7. Inductive power transfer circuit according to any one
of the previous claims,
characterized in that
the primary winding (110) is connected to an inverter
(120) for delivering an AC voltage.

8. Inductive power transfer circuit according any one
of the previous claims,
characterized in that
at least a first secondary winding (211) and a second
secondary winding (212) are wound with at least two
turns being in parallel.

9. Inductive power transfer circuit according any one
of the previous claims,
characterized in that
at least a first secondary winding (211) and a second
secondary winding (212) are wound with at least two
turns being parallel in separate layers.

10. Inductive power transfer circuit according any one
of the previous claims,
characterized in that
a DC/DC converter is provided between the positive
output (251), the negative output (252) and a load

9 10 
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(240).
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