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FIG. 1

(57) Abstract: A magnetic resonance examination system comprises an examination zone (1), a gradient coil (2) to generate a
& gradient magnetic field in the examination zone and a cover (3) positioned between the gradient coil and the examination zone. An
RF antenna (4) mounted on an antenna-carrier (5) and positioned between the cover and the gradient coil. The combination of the
cover and the antenna-carrier form a double wall with a gap between them. The cover and the antenna-carrier are together located
between the gradient coil and the examination zone and effectively counteract the propagation of acoustic noise from the vibrating
gradient coil to the examination zone and to the outside of the magnetic resonance examination system.
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Magnetic resonance examination system with reduced acoustic noise

FIELD OF THE INVENTION

The invention pertains to a magnetic resonance examination system that
comprises a gradient coil. In the magnetic resonance examination system a main static
spatially uniform magnetic field is applied. When the gradient coil is activated, a gradient
magnetic field is applied across the examination zone and superposed o the main static
magnetic field. The gradient magnetic field provides spatial (phase and read) encoding of the
magnetic resonance signals that are generated from an object to be examined. When the
electrical current through the gradient coil is changed, vibrations of the electrical conductors
of the gradient coil occur due to the Lorentz forces to the electrical conductors. In practice,
gradient switching causes vibrations of the electrical conductors in the audible frequency
range. If no steps are taken, these vibrations generate acoustic noise in the examination zone
and also beyond the magnetic resonance examination system. The acoustic noise is found
annoying and uncomfortable for a patient to be examined and for the staff operating the

magnetic resonance examination system.

BACKGROUND OF THE INVENTION

A magnetic resonance examination system with a gradient coil is known from
the Japanese patent application JP2005/095479.

This known magnetic resonance examination system comprises a sound
insulation that covers the gradient coil. The sound insulation reduces the propagation of
acoustic noise from the vibrating electrical conductors of the gradient coil into the

examination zone.

SUMMARY OF THE INVENTION
An object of the invention is to provide a magnetic resonance examination
system in which acoustic noise generated by the gradient coil is more effectively reduced.
This object is achieved by the magnetic resonance examination system of the
invention comprising

- a gradient coil to generate a gradient magnetic field in the examination zone
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- a cover positioned between the gradient coil and the examination zone
- an RF antenna mounted on an antenna-carrier and positioned between the
cover and the gradient coil.

The combination of the cover and the antenna-carrier form a double wall with
a gap between them. The cover and the antenna-carrier are together located between the
gradient coil and the examination zone and effectively counteract the propagation of acoustic
noise from the vibrating gradient coil to the examination zone and to the outside of the
magnetic resonance examination system. The invention is based on the insight that a double
wall or a double panel that comprises two walls or panels that are separated by a gap is more
effective as acoustic insulation than the sum of the acoustic insulation provided by each of
the walls or panels individually. The invention is further based on the recognition that the
antenna-carrier itself forms a panel as well as the cover between the antenna-carrier and the
examination zone. The antenna-carrier for example has the form of a cylindrical carrier tube
or coil former.

The examination zone is generally the region in which good quality magnetic
resonance images can be produced of an object, notably a patient to be examined. The
examination zone is generally within the region where the magnetic resonance examination
system has main magnetic field of appropriate spatial homogeneity and in which the gradient
coil produces a gradient magnetic field of appropriate spatial linear field strength. When
further steps are taken to correct for artefacts due to main field inhomogeneity and/or
gradient non-linearity then the examination zone can be extended.

The cover is positioned between the examination zone and the gradient coil
and hides the gradient coil, the RF antenna and other parts of the magnetic resonance
examination system from view from the examination zone. The cover also may be shaped to
provide an attractive design of the magnetic resonance examination system. Further functions
of the cover include for example protection of equipment behind the covers (e.g. RF coil)
from body fluids. The cover also provides improved patient safety by shielding from electric
conducting hazardous parts (prevent electrical shocks); shielding from hot parts (prevent
burns) and creating a suitable distance between patient and RF antenna to have the patient in
a low enough EM field (prevent burn form to high local SAR (Specific Absorption Rate).

The cover and the antenna-carrier forming together a double panel acoustic
noise insulation do not affect the other functions of the cover and/or the antenna-carrier.

The double panel formed by the cover and the antenna-carrier reduces

effectively the acoustic noise level in the examination zone and outside of the magnetic
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resonance examination system caused by the vibrations of the gradient coil. Also propagation
of acoustic noise to other components of the magnetic resonance examination system, such as
a cryostat, is reduced. Hence, the acoustic noise level outside of the magnetic resonance
examination system is reduced and also He boil-off due to deposition of acoustic energy in
the cryostat is avoided. In particular, experiments have shown that a reduction of
18dB/octave is achieved. The reduction of the acoustic noise level improves comfort for the
patient to be examined as well as for the staff operating the magnetic resonance examination
system. Because patient comfort is improved, the patient to be examined is generally less
anxious and acquisition of magnetic resonance signals and image quality is improved.

The gradient coil is preferably mounted on its own proper frame that is
separate from the main structure of the magnetic resonance examination system. A gradient
coil mounted in its own proper frame is per se known from the international application WO
2006/054187-A1

These and other aspects of the invention will be further elaborated with
reference to the embodiments defined in the dependent Claims.

According to a further aspect of the invention, the cover is mounted to the
main structure of the magnetic resonance examination system by a so-called structural
decoupling. This structural decoupling includes a coupling member that achieves mechanical
support between the components that are mechanically coupled, while the acoustic
impedance of the coupling member is far less than the acoustic impedance of the components
that are coupled. This structural decoupling reduces the propagation of acoustic vibrations
into the main structure, ¢.g. including the cryostat, of the magnetic resonance examination
system. The coupling member acts as a spring and damper in a mass-spring-damper system.
The components that are supported by the coupling member act as a mass in the mass-spring-
damper system. Below the first resonance frequency of this mass-spring-damper system, the
coupling member acts as a mechanical support for the components. For above the first
resonance frequency, in the audible frequency range (50 Hz — 20 kHz), it mechanically
decouples the components. Attenuations of more than 10 dB can be achieved in the latter
range.

According to another aspect of the invention, the antenna-carrier is mounted to
the main structure of the magnetic resonance examination system by a so-called structural
decoupling. This structural decoupling of the antenna-carrier to the main structure reduces
the propagation of acoustic vibrations into the main structure, e.g. including the cryostat, of

the magnetic resonance examination system. Acoustic noise in the examination space is
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reduced by a decoupling structure between either the gradient coil or the magnet’s outer
vessel or between the outer vessel and the antenna carrier.

Resilient, e.g. rubber, grommets are suitable as the coupling member to mount
the cover and the antenna-carrier to the main structure at low acoustic impedance.

According to a further aspect of the invention a soft foam member is disposed
between the antenna-carrier and the cover. The cover is suspended from the antenna-carrier
by means of the soft foam member. The soft foam member further reduces transmission of
acoustic vibrations from the gradient coil to the main structure and into the examination zone.
In particular, the soft foam member avoids that acoustic resonances occur in the gap between
the antenna-carrier and the cover and this transmission of acoustic vibrations is reduced.

Further reduction of transmission of acoustic vibrations is achieved by
absorber material between the antenna-carrier and the cover.

These and other aspects of the invention will be elucidated with reference to
the embodiments described hereinafter and with reference to the accompanying drawing

wherein

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 schematically shows an example of a magnetic resonance
examination system in which the invention is applied;

Figure 2 schematically shows a detail of an embodiment of the magnetic
resonance examination system of the invention and

Figure 3 shows experimental results of the acoustic noise reduction achieved

with the invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Figure 1 schematically shows an example of a magnetic resonance
examination system in which the invention is applied. The magnetic resonance examination
system has a main structure 11 which for example includes main field superconducting coils
and a cryostat to cool liquid Helium that is used to cool the main coils below their critical
temperature to render them superconducting. The gradient coils 2 are mounted on a separate
frame 21 that is separate from the main structure. The RF antenna 4, e.g. in the form of a
quadrature body coil (QBC), is mounted on the antenna-carrier 5. The antenna carrier usually
is a resin coil former. The covers 3 hide the gradient coils and the QBC from view from the

examination zone. As is apparent form Figure 1, the cover 3 and the antenna-carrier 5 form a
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double wall that is located between the gradient coil 2 and the examination zone 1. This
structure effectively reduces acoustic noise in the examination zone and in the neighborhood
of the magnetic resonance examination system generated by switching of the gradient coil.

The cover 3 is mounted on the main structure 11, in particular on the cryostat
by the structural decoupling 31. The antenna carrier (coil former) is connected to the cover at
the structural decoupling 31 by way of a soft foam member 41. Further reduction of acoustic
noise propagation into the examination zone is achieved by the absorber material 42 between
the coil former 5 and the cover 3.

Figure 2 schematically shows a detail of an embodiment of the magnetic
resonance examination system of the invention. In particular Figure 2 shows a detail of the
structural decoupling 31 which connects the antenna-carrier 5 to the cryostat 11. The coil
former 5 is connected to the cryostat by way of a compliant grommet 32. The grommet is
compliant in that the first resonance of the mass-spring system is well below 50 Hz (which is
the lower limit of the audible frequency range). The cover or antenna carrier is the mass in
the system, the grommet is the spring in this system. Also the cover 3 is mounted to the
cryostat by means of a compliant grommet 32. Further, Figure 2 shows the cover is
suspended from the coil former 5 by a soft foam member 43 which counteracts the
propagation of acoustic noise into the examination zone 1. The soft foam member renders the
construction of the covers and the antenna carrier more stiff, at the expense of some
propagation of acoustic noise into the examination zone. Alternatively, the soft foam member
43 can be dispensed with when selecting a material for the covers that in inherently more self
supporting and thus forms a more stiff cover.

Figure 3 shows experimental results of the acoustic noise reduction achieved
with the invention. For the frequency range from 10 Hz to 3kHz the acoustic isolation is
shown for the magnetic resonance examination system of the invention having a double wall
structure and a comparable known magnetic resonance examination system. Improved
acoustic isolation is achieved 0.3kHz to 3kHz and notably good results are achieved in the
ranges 0.5-0.9kHz and around 1.1kHz and around 2kHz, where the acoustic insulation is

about 13dB or 5dB improved, respectively as compared to a single insulation layer.
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CLAIMS:
1. A magnetic resonance examination system comprising
- an examination zone (1)
- a gradient coil (2) to generate a gradient magnetic field in the examination
zone

- a cover (3) positioned between the gradient coil and the examination zone
- an RF antenna (4) mounted on an antenna-carrier (5) and positioned between

the cover and the gradient coil.

2. A magnetic resonance examination system as claimed in Claim 1, the
magnetic resonance examination system having a main structure, wherein the cover is

mounted to the main structure by a structural decoupling.

3. A magnetic resonance examination system as claimed in Claim 2, wherein the

antenna carrier is mounted to the main structure by a structural decoupling.

4. A magnetic resonance examination system as claimed in Claim 2 or 3, wherein

the structural decoupling is formed by a resilient grommet.

5. A magnetic resonance examination system as claimed in Claim 1,wherein the

cover is suspended from the antenna-carrier, in particular by a soft foam member.

6. A magnetic resonance examination system as claimed in Claim 1, wherein an

absorber material is disposed between the antenna-carrier and the covers.
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