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MAGNETIC RESONANCE IMAGING
APPARATUS AND A POWER SOURCE
SUPPLY SYSTEM THEREFOR

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention concerns a power source
supply system for a magnetic resonance imaging (MRI)
apparatus, as well as a magnetic resonance 1maging appa-
ratus, 1n particular a power source supply system capable of
supplying electric power to a component operating 1 a
magnetic field environment of the MRI apparatus.

Description of the Prior Art

[0002] In an existing magnetic resonance imaging (MRI)
apparatus, an AC/DC conversion circuit must be used to
convert 230 V AC current from a mains transformer to DC
current, and to supply this to multiple loads of the MRI
apparatus. Since the multiple loads require DC currents at
different operating voltages, an independent power source
supply 1s needed for each load, 1.e. for the multiple loads,
multiple AC/DC conversion elements must be provided in
order to convert AC current from the mains transformer to
DC power having different voltages, which can then be
correspondingly supplied to the corresponding loads. In
addition, a linear regulator must be provided for each
converted DC power, 1n order to keep the DC power at a
specified voltage, but the problem of heat dissipation from
the linear regulator needs to be addressed.

SUMMARY OF THE INVENTION

[0003] In view of the above, an object of the present
invention 1s to provide a power source supply system that
provides a supply of electric power to multiple loads of an
MRI system using a simple structure, and an MRI apparatus
that includes such a power source supply system.

[0004] A power source supply system 1n accordance with
the mvention for a magnetic resonance 1imaging apparatus
that has multiple loads operating in a magnetic field envi-
ronment, has an AC/DC conversion circuit that converts a
supplied AC current to a first DC current having a prede-
termined first voltage, and a branching element that supplies
the first DC current in separate paths respectively to the
multiple loads. The power supply system further has a
switching power source, disposed 1n each of the loads that
converts the first DC current to a second DC current having
a second voltage capable of being supplied to the load. The
switching frequency of the switching power source 1s set
such that a positive integer frequency multiple thereof 1s
oflset from the Larmor frequency of the magnetic resonance
imaging apparatus.

[0005] In the power source supply system described
above, preferably, the switching frequency of the switching
power source 1s selected from 2.2 MHz-2.6 MHz or a
positive integer frequency multiple thereof.

[0006] In the power source supply system described
above, preferably, the switching frequency of the switching
power source 1s set to 2.5 MHz or a positive integer
frequency multiple thereof.

[0007] In the power source supply system described
above, preferably, the AC/DC conversion circuit has an
AC/DC converter and a filter.
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[0008] In the power source supply system described
above, preferably, a transformer 1s used to convert AC power
supplied from outside the system to AC power having a
voltage capable of being supplied to the AC/DC conversion
circuit.

[0009] In the power source supply system described
above, preferably, the branching element 1s selected to be
one of a Y-cable, or a power strip, or a PCBA.

[0010] A magnetic resonance 1maging apparatus accord-
ing to the invention has the power source supply system as
described above.

[0011] According to the invention, the power source sup-
ply system provides a supply of electric power to multiple
loads of an MRI system using a simple structure, and
interference to magnetic resonance imaging 1s avoided by
using the inventive power source supply system.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIG. 1 1s a block circuit diagram of the power
source supply system for an MRI apparatus in accordance
with the imvention.
[0013] FIG. 2 shows test results when the switching power
source having a specific switching frequency 1n this embodi-
ment 1s employed.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0014] The present utility model 1s explained in detail
below by embodiments.

[0015] As used herein, “schematic” means “serving as an
instance, example or illustration”. No drawing or embodi-
ment described herein as “schematic” should be interpreted
as a more preferred or more advantageous technical solution.
[0016] To make the drawings uncluttered, only those parts
relevant to the present invention are shown schematically in
the drawings; they do not represent the actual structure
thereof as a product. Furthermore, to make the drawings
appear uncluttered for ease of understanding, in the case of
components having the same structure or function in certain
drawings, only one of these 1s shown schematically, or only
one 1s marked.

[0017] As used herein, “first” and “second” etc. are merely
used to differentiate between parts, not to indicate their order
or degree of importance, etc.

[0018] FIG. 1 1s a block circuit diagram of a power source
supply system 10 for an MRI apparatus. As FIG. 1 shows,
the power source supply system 10 1s used for supplying
electric power to multiple loads 132, which operate 1n a
magnetic field environment when the MRI apparatus 1s
performing an examination.

[0019] In the power source supply system 10 1in this
embodiment, a transformer 110 1s used to convert AC power
supplied from outside the system to AC power having a
voltage capable of being supplied to a filter plate 120
(AC/DC conversion part) mentioned below, for example 230
V AC power.

[0020] The following are provided at the filter plate 120:
an AC/DC converter (AC/DC conversion element) 121,
which converts the AC current to DC current and a filter 122,
which filters a first DC current resulting from conversion,
and thereby obtains a first DC current having a predeter-
mined first voltage (e.g. 24 V). Here, the AC/DC conversion
clement 121 may use, for example, half-wave rectification or
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full-wave rectification. A filtering resistance 1n the filter 122
1s for example an inductance. In this embodiment, the

AC/DC converter 121 and the filter 122 together form the
AC/DC conversion circuit.

[0021] The first DC current emitted as an output from the
filter plate 120 1s supplied to a branching element 131 1n a
part 130 of the MRI apparatus that 1s situated 1n an exami-
nation room. The branching element 131 supplies the first
DC current 1n separate paths respectively to the multiple
loads 132, which operate 1n a magnetic field environment
generated by a magnet when the MRI apparatus 1s perform-
Ing a magnetic resonance examination of an examination
subject. In this embodiment, the branching element 131 1s,
for example, a Y-cable or a power strip or a PCBA (Printed
Circuit Board Assembly). However, this 1s not a restriction
with regard to the branching element 131, which could also
be disposed on a part of the MRI apparatus that 1s 1nside a
control room, instead of being disposed on the part of the
MRI apparatus that 1s inside the examination room.

[0022] The load 132 1s, for example, a system component
that requires electric power to operate, such as an RF
component or a patient bed. The load 132 includes a
sub-element 1323, a control circuit 1322 that controls opera-
tion of the load 132, and a switching power source 1321,
which converts the first DC current to a second DC current
having a second voltage capable of being supplied to the

load 132.

[0023] The switching power source 1321 1s, for example,
a boost converter, a buck converter or a buck-boost con-
verter. The first DC current having the first voltage 1s
converted to the second DC current having the specific
second voltage by a certain switching frequency, the second
voltage being matched to an operating voltage of the load

132.

[0024] However, 1 the structure described above, the
MRI apparatus will generate a strong magnetic field when 1n
an examination state, and the switching power source 1321
requires a certain switching action 1n the process of per-
forming the conversion from the first DC current to the
second DC current, and this switching action will affect the
magnetic field of the MRI apparatus, causing non-homoge-
neity in the magnetic field, and 1n turn affecting the quality
of magnetic resonance 1imaging. Detailed analysis and inves-
tigation of the problem have led to the invention insight that,
by setting the switching frequency of the switching power
source such that the Nth frequency multiple thereof 1s
different from the Larmor frequency of the MRI apparatus,
wherein N 1s an integer greater than or equal to 1, the
problem of interference between the switching power source
and the MRI system can be solved effectively.

[0025] For example, when the MRI apparatus 1s 1.5 Tes-
las, the Larmor frequency thereof 1s 63.75 MHz. In this
embodiment, if the switching frequency of the switching
power source 1321 1s set to 2.5 MHz, then clearly the 25th
frequency multiple thereof 1s 2.5 MHzx25=62.5 MHz, and
the 26th frequency multiple thereof 1s 2.5 MHzx26=635
MHz. These are both ofiset from the Larmor frequency
63.75 MHz, and it can thereby be ensured that they will not
intertere with the MRI apparatus.

[0026] FIG. 2 shows test results when the switching fre-
quency of the switching power source 1321 1s set to 2.5
MHz. It can be seen from FIG. 2 that the interferences A and
B thereof occur at the 25th frequency multiple 62.5 MHz
and the 26th frequency multiple 65 MHz, respectively, and
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no interference occurs at the center frequency C, 1.e. the
Larmor frequency 63.75 MHz of magnetic resonance device
operation; hence, 1t 1s clear that the switching power source
1321 can operate normally.

[0027] Here, only the case where the switching frequency
1s set at 2.5 MHz 1s given as an example, but there 1s no
restriction to this, as long as integer frequency multiples of
the switching frequency can be ofiset from the Larmor
frequency of the magnetic resonance system.

[0028] According to the present invention, the power
source supply system provides a supply of electric power to
multiple loads of an MRI system using a simple structure,
and 1nterference to magnetic resonance imaging are avoided
by using the power source supply system.

[0029] Although modifications and changes may be sug-
gested by those skilled 1n the art, 1t 1s the intention of the
Applicant to embody within the patent warranted hereon all
changes and modifications as reasonably and properly come
within the scope of the Applicant’s contribution to the art.

1. Apower source supply system for a magnetic resonance
imaging apparatus that has multiple loads operating 1n a
magnetic field environment, said power source supply sys-
tem comprising;:

an AC/DC conversion circuit that converts a supplied AC
current to a first DC current having a predetermined
first voltage;

a branching element that supplies the first DC current in
separate paths respectively to the multiple loads;

a switching power source, disposed 1n each of the loads,
that converts the first DC current to a second DC
current having a second voltage capable of being
supplied to the load; and

the switching power source having a switching frequency
of that 1s set such that a positive integer frequency
multiple thereof 1s offset from the Larmor frequency of
the magnetic resonance 1imaging apparatus.

2. The power source supply system as claimed 1n claim 1,
wherein the switching frequency of the switching power
source 1s selected from 2.2 MHz-2.6 MHz or a positive
integer frequency multiple thereof.

3. The power source supply system as claimed 1n claim 2,
wherein the switching frequency of the switching power
source 1s 2.5 MHz or a positive integer frequency multiple
thereof.

4. The power source supply system as claimed 1n claim 1,
wherein the AC/DC conversion circuit comprises an AC/DC
converter and a filter.

5. The power source supply system as claimed 1n claim 1,
comprising a transformer that converts AC power supplied
from outside power source supply the system to AC power
having a voltage capable of being supplied to the AC/DC
conversion circuit.

6. The power source supply system as claimed 1n claim 1,
wherein the branching element 1s selected from the group
consisting of a Y-cable, a power strip, and a PCBA.

7. a magnetic resonance 1maging apparatus comprising;:

a magnetic resonance data acquisition scanner comprising
multiple loads that operate 1n a magnetic field environ-
ment 1n order to acquire magnetic resonance data with
said magnetic resonance data acquisition scanner oper-
ating at a Larmor frequency; and

a power source supply system comprising an AC/DC
conversion circuit that converts a supplied AC current
to a first DC current having a predetermined first
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voltage, a branching element that supplies the first DC
current 1n separate paths respectively to the multiple
loads, a switching power source, disposed in each of
the loads, that converts the first DC current to a second
DC current having a second voltage capable of being
supplied to the load, and the switching power source
having a switching frequency of that is set such that a
positive 1nteger frequency multiple thereof 1s offset
from the magnetic resonance data acquisition scanner.
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