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Description

Background of the Invention

Field of the Invention

[0001] The present invention relates to a non-destruc-
tive testing equipment, ad more specifically, to a new
portable magnetic testing equipment which can detect
impurities or defects contained in an object to be tested,
with high sensitivity.

Description of related art

[0002] A slight defect in a body of aircraft or space-
crafts and satellites will often result in a serious acci-
dent. Therefore, a periodical check and maintenance
are severely performed for the body of these vehicles.
However, since a so-called destructive testing cannot
be performed for these bodies, the checkings being cur-
rently performed are limited to a checking by worker's
eyes and an acoustic testing, so that a satisfactory
checking precision and reliability cannot be obtained,
and working efficiency of the checking operation is low.
[0003] In addition, in laid power transmission cables
and laid signal transmission cables, it is possible to
inspect a surface of these cables by human's eyes, and
to evaluate the condition of conductors included in these
cables on the basis of quality of transmission signals.
However, there has not yet been proposed a method
capable of inspecting an internal condition of insulators
included in the cables and of testing tensile strength
members themselves included in the cables. Similarly, it
is very difficult to inspect an internal condition of struc-
tural wire-cables after assembling.
[0004] The document US-A-4 725 778 discloses a
non-destructive testing equipment comprising a current
generator for generating a magnetic field in an inspec-
tion zone by injecting a current in the object to be tested
and a magnetic sensor for detecting the magnetic field
in the inspection zone.
[0005] As mentioned above, in various technical
fields, there is a large demand for a method or equip-
ment for precisely detecting extremely small impurities
or slight defects included in the materials having an
extremely large length or a large area. However, such a
method or equipment have not yet been proposed.

Summary of the invention

[0006] It is a object of the present invention to provide
a non-destructive testing equipment which has over-
come the above mentioned defect of the conventional
ones.
[0007] Another object of the present invention is to
provide a non-destructive testing equipment which can
precisely and efficiently inspect a large scaled member
or structure.

[0008] Still another object of the present invention is
to provide a non-destructive testing equipment which
can efficiently inspect an object to be tested, such as a
laid signal transmission cable, a laid power transmission
cable, or an assembled structural member, all of which
cannot be easily moved, detached or disassembled.

[0009] The above and other objects of the present
invention are achieved in accordance with the present
invention by a non-destructive testing equipment com-
prising a magnetic shield container defining a magneti-
cally stable inspection zone and having a magnetically
transparent opening facing the inspection zone; a mag-
netic field generator attached to the magnetic shield
container, for generating a stable magnetic field in the
inspection zone; a magnetic sensor located in the mag-
netic shield container and including at least one SQUID
(Superconducting Quantum Interference Device), for
detecting, through the opening, the magnetic field in the
inspection zone; and means provided to the magnetic
shield container, for cooling the magnetic sensor, the
testing equipment being configured so as to move in
relation to and along an object to be tested, while main-
taining a positional relation between the magnetic sen-
sor and the object to be tested.
[0010] With this arrangement, a minute variation of the
magnetic field which is caused by impurities or defects
contained in the object to be tested, can be detected by
a super high sensitive SQUID type magnetic sensor. In
addition, it is possible to inspect an outdoor stationary
object to be tested, such as a large scaled structure and
a laid cable.
[0011] In brief, a fixed magnetic field is generated by
the magnetic field generator in the inspection zone
which is prevented from influence of the environment
magnetic field by the magnetic shield container. If an
object to be tested is located in the inspection zone hav-
ing the fixed magnetic field, some change occurs in the
magnetic field in accordance with a magnetic suscepti-
bility or magnetization of the object to be tested. How-
ever, if the object to be tested contains impurities or
defects, the magnetic field shows a unique change
which is caused by existence of the impurities or the
defects. This unique change of the magnetic field can
be sensed by the super high sensitive SQUID magnetic
sensor, even if it is very slight. Thus, the object to be
tested can be quickly and precisely inspected non-
destructively
[0012] As mentioned above, the above mentioned
testing equipment comprises the magnetic shield con-
tainer for forming the inspection zone substantially
shielded from the environment magnetic field, and the
magnetic field generator for generating the stable mag-
netic field in the inspection zone. For this purpose, the
magnetic shield container can be formed of for example
permalloy.
[0013] The non-destructive testing equipment in
accordance with the present invention additionally com-
prises a cooling means for cooling the SQUID used in
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the magnetic sensor. Since the SQUID is composed of
a superconducting loop including a weak link, when the
non-destructive testing equipment is put in operation, it
is necessary to cool the magnetic sensor down to a
temperature not higher than a superconducting critical
temperature. For this purpose, one embodiment of the
non-destructive testing equipment in accordance with
the present invention includes a thermal insulation con-
tainer which is filled with a cooling medium and in which
the magnetic sensor is located so that the magnetic
sensor is immersed in the cooling medium when the
non-destructive testing equipment is in operation

[0014] In an embodiment of the non-destructive test-
ing equipment in accordance with the present invention,
the SQUID is preferably formed of an oxide supercon-
ducting thin film. In general, oxide superconducting
materials become a superconducting state at a temper-
ature obtained by an inexpensive liquid nitrogen.
Accordingly, by locating the SQUID in the thermal insu-
lation container and filling the thermal insulation con-
tainer with the liquid nitrogen, it is possible to relatively
easily and inexpensively construct a portable non-
destructive testing equipment. In addition, in place of
using the liquid nitrogen, it is possible to cool the mag-
netic sensor by use of a small scaled cooling machine
capable of cooling to a temperature not higher than a
superconducting critical temperature.
[0015] Furthermore, in an actual operation of this non-
destructive testing equipment, it is preferable to provide
a temperature sensor which monitors at least the tem-
perature in proximity of the SQUID and alarms when the
temperature rises abnormally. The reason for this is that
a superconducting circuit including the SQUID normally
operates only at the temperature not higher than a
superconducting critical temperature. If the supercon-
ducting condition is broken, not only the superconduct-
ing circuit does not normally operate, but also the
superconducting circuit may be broken in extreme
cases.
[0016] Further, in order to ensure that the whole of the
non-destructive testing equipment is portable, the mag-
netic field generator can be preferably constituted of a
permanent magnet unit which needs no additional
resource such as an electric power supply. Alternatively,
the magnetic field generator can be formed of a sole-
noid configured to be able to be easily connected to an
external electric power supply.
[0017] The above and other objects, features and
advantages of the present invention will be apparent
from the following description of preferred embodiments
of this invention with reference to the accompanying
drawings.

Brief description of the drawings

[0018]

Figure 1 is a diagrammatic sectional view showing

a first embodiment of the non-destructive testing
equipment in accordance with the present inven-
tion;

Figures 2A, 2B and 2C are magnetic field diagrams
illustrating a defect/impurity inspection theory of the
non-destructive testing equipment in accordance
with the present invention;
Figure 3 is a diagrammatic sectional view of
another embodiment of the non-destructive testing
equipment in accordance with the present inven-
tion;
Figures 4A and 4B are diagrammatic perspective
views, in two different operational conditions, of a
specific example of the magnetic field generator
used in the non-destructive testing equipment in
accordance with the present invention; and
Figures 5A and 5B are diagrammatic sectional
views of third and fourth embodiments of the non-
destructive testing equipment in accordance with
the present invention.

Description of preferred embodiments

[0019] Referring to Figure 1, there is shown a dia-
grammatic sectional view showing a first embodiment of
the non-destructive testing equipment in accordance
with the present invention.
[0020] The shown non-destructive testing equipment
is configured to inspect an object 1 to be tested in the
form of a continuous rod or wire. A magnetic sensor 2 is
located in a non-magnetic thermal insulation container
3 filled with a cooling medium 4 such as a liquid nitro-
gen. An upper end of the container 3 can be hermeti-
cally closed with a thermal insulation plug 5.
[0021] A magnetic field generator 6 is located on an
outer surface of a lower closed bottom of the container
3. This magnetic field generator 6 is constituted of for
example a pair of permanent magnet units 6A and 6B,
which are separated from each other so as to form a
space therebetween in which the rod-like object 1 to be
tested can be positioned, so that a magnetic field from
one permanent magnet unit 6A to the other permanent
magnet unit 6B passes through the rod-like object 1 to
be tested, perpendicularly to a lengthwise direction of
the rod-like object 1 to be tested.
[0022] The thermal insulation container 3 and the
magnetic field generator 6 are located or fitted in a mag-
netic shield container 7A, which is formed of for exam-
ple permalloy. An upper portion of the magnetic shield
container 7A is covered or fitted with a magnetic shield
cap 7B, which is also formed of for example permalloy.
A lower end of the magnetic shield container 7A has an
inward flange 7C so configured to support the pair of
permanent magnet units 6A and 6B between the inward
flange 7C and the bottom surface of the thermal insula-
tion container 3.
[0023] A magnetically transparent opening or window
defined by the inward flange 7C is fitted with a non-mag-
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netic concave protection member 8, which also func-
tions as a spacer for separating the permanent magnet
units 6A and 6B from each other so as to ensure the
above mentioned space therebetween in which the rod-
like object 1 to be tested can be positioned. This protec-
tion member 8 is preferably formed of a material having
a highly wear resistant property and a very low coeffi-
cient of surface friction. For example, the protection
member 8 can be formed of various kinds of ceramics
material or a fluoroplastics or fluororesin.

[0024] As shown in Figure 1, the magnetic sensor 2
comprises a SQUID 22 and a flux transformer 21, both
of which are immersed in the cooling medium 4. How-
ever, the magnetic sensor 2 can be constituted of only
the SQUID 22.
[0025] For example, the flux transformer 21 has a
pickup coil and an input coil 23 interconnected to form a
closed loop. The pickup coil is formed of at least a pair
of coils 24 and 25 having their winding directions oppo-
site to each other, so that the whole of the magnetic
sensor is in the form of a so-called "gradiometer".
[0026] Since the coils 24 and 25 are wound in direc-
tions opposite to each other, respective currents
induced in the coils 24 and 25 by a spatially uniform
magnetic field are opposite in direction to each other,
and therefore are cancelled. An environment magnetic
field which might influence the coils 24 and 25 through
the magnetically transparent opening closed with the
non-magnetic protection member 8, can be regarded as
being spatially uniform in a small area occupied by
these the coils 24 and 25. Therefore, not only the envi-
ronment magnetic field is shielded by the magnetic
shield container 7A and the magnetic shield cap 7B, but
also influence of the environment magnetic field to the
magnetic sensor, which should be very slight because
of the magnetic shield, can be cancelled in the gradiom-
eter type magnetic sensor.
[0027] On the other hand, a variation of the magnetic
field caused by the impurities or defects included in the
object to be tested, is extremely localized, and there-
fore, a magnetic gradient occurs between the coils 24
and 25. Namely, the variation of the magnetic field
caused by the impurities or defects can be detected by
the gradiometer type magnetic sensor. In this connec-
tion, in order to easily and surely detect the magnetic
gradient between the coils 24 and 25 caused by the
impurities or defects, it is preferred to locate the coils 24
and 25 in such a manner that a distance between the
object to be tested and the coil 24 is substantially differ-
ent from a distance between the object to be tested ad
the coil 25, as diagrammatically illustrated in Figure 1.
[0028] The flux transformer 21 is magnetically coupled
to the SQUID 22, in particular at its input coil 23. The
SQUID 22 is connected to a measuring unit 100 located
at a external of the non-destructive testing equipment,
through a cable 110 extending through the plug 5 and
through the cap 7B. The SQUID 22 is formed of for
example a high temperature oxide superconducting

material.

[0029] A handle 9 is mounted on a top of the cap 7B,
so that an operator can transport the non-destructive
testing equipment by griping and suspending the handle
9 by his hand. If the non-destructive testing equipment
is suspended by griping the handle 9 by the operator's
hand, it is possible to maintain the non-destructive test-
ing equipment in a standing position in which the plug 5
is at the top and the closed end of the container 3 is at
the bottom. Namely, the magnetic sensor 2, particularly
the SQUID 22 is prevented from being exposed from the
cooling medium 4. If the SQUID 22 were exposed from
the cooling medium 4, the superconducting state of the
SQUID and the associated superconducting circuit
would be broken so that the magnetic sensor would not
properly operate.
[0030] Principle of operation of the testing equipment
shown in Figure 1 will be now described with reference
to Figures 2A through 2C.
[0031] As shown in the Figure 2A, assume that a uni-
form magnetic field B is generated between the perma-
nent magnet units 6A and 6B. When the object 1 to be
tested is located within the uniform magnetic field B, the
magnetic field changes in accordance with a magnetic
susceptibility or magnetization of the object 1 to be
tested, but becomes stable if the object 1 to be tested
has neither an impurity nor a defect
[0032] When the object 1 to be tested contains a
defect X as shown in the Figure 2B or an impurity Y as
shown in the Figure 2C, the magnetic field B shows an
appreciable change in accordance with the defect X or
a magnetic susceptibility or magnetization of the impu-
rity Y. The appreciable change of the magnetic field B is
detected by the magnetic sensor, which outputs the
result of the detection in the form of a voltage signal.
[0033] Referring to Figure 3, there is shown another
embodiment of the testing equipment in accordance
with the present invention, which is configured to
inspect an object 1A to be tested in the form of a wide
plate-like material in a large scaled structure such as a
body of aircraft. Figure 3 is a sectional view taken along
in a plane perpendicular to the travelling direction of the
testing equipment. In addition, in Figure 3, elements
similar or corresponding in function or in construction to
those shown in Figure 1 are given the same Reference
Numerals, and explanation thereof will be omitted.
[0034] The thermal insulation container 3 is widened
in comparison with that of the first embodiment shown in
Figure 1, and a plurality of magnetic sensors 2A and 2B
are located in the thermal insulation container 3, instead
of a single magnetic sensor 2 in the first embodiment
shown in Figure 1. Each of the magnetic sensors 2A
and 2B includes a SQUID 22A or 22B and a flux trans-
former 21A or 21B, both of which are immersed in the
cooling medium 4. Each of the flux transformers 21A
and 21B has a pickup coil and an input coil 23A or 23B
interconnected to form a closed loop. The pickup coil is
formed of a pair of coils 24A and 25A or 24B and 25B
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having their winding directions opposite to each other,
so that the whole of each magnetic sensor is in the form
of a so-called "gradiometer".

[0035] Furthermore, as the magnetic field generator,
a solenoid 6 is mounted to surround a lower portion of
the thermal insulation container 3. A magnetic shield
container 7D has an expanded or flared open lower end
so that the solenoid 6 is sandwiched and supported
between the outer side surface of the lower portion of
the thermal insulation container 3 and the expanded
lower portion of the magnetic shield container 7D.
[0036] Furthermore, a plurality of wheels 10 are rotat-
ably mounted at a side of the magnetic shield container
7D. These wheels 10 make it possible for the non-
destructive testing equipment to smoothly move on the
plate-like object 1A to be tested, while maintaining a
spacing 80 between the bottom surface of the non-
destructive testing equipment and the plate-like object
1A to be tested, namely a distance between the mag-
netic sensors 2A and 2B and the plate-like object 1A to
be tested.
[0037] In Figure 3, only two wheels 10 are shown.
However, in order to precisely maintain the distance
between the magnetic sensors 2A and 2B and the plate-
like object 1A to be tested at a constant value, three or
more wheels are preferably mounted. Furthermore, the
non-destructive testing equipment can include a driving
motor coupled to drive the wheels 10, so that the non-
destructive testing equipment is made to a self-pro-
pelled type. This self-propelled non-destructive testing
equipment would make easy an internal inspection of a
pipe in laid pipe lines, and would also make it possible
to perform an inspection at a location such as in nuclear
installations to which a human being is very difficult to
access.
[0038] Referring to Figures 4A and 4B, one preferred
example of the magnetic field generator is illustrated in
two different conditions.
[0039] As shown in Figure 4A, each of the permanent
magnet units 6A and 6B includes a pair of permanent
magnets 61 and 62, one of the permanent magnets 61
being stationary, and the other permanent magnet 62
being rotatable as indicated by a dotted line.
[0040] When the portable testing equipment is put in
operation, the permanent magnets 61 and 62 are
located in parallel to each other and in the same polarity
direction as shown in Figure 4A, so that the permanent
magnets 61 and 62 are magnetically strongly repelled
and separated from each other. In this case, a substan-
tial magnetic field is generated in the outside of the per-
manent magnets 61 and 62, so that a magnetic field
extending from the permanent magnet unit 6A to the
permanent magnet unit 6B is created.
[0041] If the testing is completed, the permanent mag-
net 62 is rotated 180 degrees so that the permanent
magnets 61 and 62 are located in parallel to each other
but opposed to each other in polarity as shown in Figure
4B. In this situation, the permanent magnets 61 and 62

are magnetically strongly bonded to each other as
shown in Figure 4B, and, the magnetic flux are looped in
the two permanent magnets 61 and 62 magnetically
bonded to each other. In other words, no substantial
magnetic field is generated in the outside of the magnet-
ically bonded permanent magnets 61 and 62.

[0042] Referring to Figure 5A, there is shown a dia-
grammatic sectional view of a third embodiment of the
non-destructive testing equipment in accordance with
the present invention.
[0043] Differently from the first and second embodi-
ments, the third embodiment includes a cooling unit 40
and is still portable as a whole.
[0044] The third embodiment includes a magnetic
shield container 70 in the form of a box, which has a
handle 90 mounted on a upper surface thereof and an
opening formed at a bottom thereof. A pair of magnetic
field generators 60 are located on a periphery of the
opening. A non-magnetic thermal insulation container
30 is located on the pair of magnetic field generators 60
and is completely housed in the magnetic shield con-
tainer 70. Within the thermal insulation container 30, a
SQUID 20 is located.
[0045] In addition, a small-sized Joule-Thomson type
cooling machine 42 is located within the magnetic shield
container 70 adjacent to the thermal insulation con-
tainer 30. This Joule-Thomson type cooling machine 42
has a cooling table or bar 43 extending into the thermal
insulation container 30 and passing in proximity of the
SQUID 20. The Joule-Thomson type cooling machine
42 can be coupled through a pipe 41A to an external
cooling medium tank (not shown) such as a high pres-
sure nitrogen gas cylinder. The cooling machine 42 is
also coupled to an exhausting pipe 41B. Thus, the
Joule-Thomson type cooling machine 42 can cool down
and maintain the SQUID 20 at a temperature not higher
than a superconducting critical temperature.
[0046] It will be apparent to persons skilled in the art
that this third embodiment of the non-destructive testing
equipment is the same in inspection operation as the
first and second embodiments, and therefore, explana-
tion of the inspection operation will be omitted.
[0047] Thus, this non-destructive testing equipment
can be used in the outdoor for a long period of time, for
example, for inspecting a laid cable or others, since the
SQUID can be maintained in a superconducting state
for a sufficiently long period of time by action of the built-
in cooling unit 40.
[0048] Referring to Figure 5B, there is shown a fourth
embodiment which is a modification of the third embod-
iment. In Figure 5B, therefore, elements corresponding
to those shown in Figure 5A are given the same Refer-
ence Numerals, and explanation thereof will be omitted.
This fourth embodiment includes a cooling medium cyl-
inder 44 located within the magnetic shield container 70
adjacent to the thermal insulation container 30 and cou-
pled to the cooling machine 42 within the magnetic
shield container 70.
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[0049] Since this fourth embodiment contains the nec-
essary cooling medium supply therein, it is possible to
use the non-destructive testing equipment independ-
ently of a cooling medium supply, and therefore, appli-
cation of the non-destructive testing equipment can be
further extended.

[0050] As will be apparent from the above, the third
and fourth embodiments can assume an arbitrary atti-
tude or inclination, differently from the first and second
embodiment. Therefore, the third and fourth embodi-
ments can be advantageously used for the purpose of
inspecting a large-scaled structure such as a body of
aircraft.
[0051] Accordingly, the non-destructive testing equip-
ment in accordance with the present invention can
quickly and precisely detect extremely small defects or
impurities, and also has a portability. In addition, if a plu-
rality of magnetic sensors are incorporated, it is also
possible to detect not only existence of defects or impu-
rities but also positions of defects or impurities and dis-
tribution of defects or impurities.
[0052] Furthermore, in the case that the cooling unit is
incorporated in the non-destructive testing equipment, it
is possible to freely use the non-destructive testing
equipment in the outdoor. Accordingly, the non-destruc-
tive testing equipment can be advantageously used for
inspecting the laid and fixed cables, a body and frames
of large-scaled vehicles such as ships and aircraft, and
a large scaled stationary structure such as iron bridges
and other iron structures.
[0053] The present invention has thus been shown
and described with reference to the specific embodi-
ments. However, it should be noted that the present
invention is in no way limited the details of the illustrated
structures but converts and modifications may be made
within the scope of the appended claims.

Claims

1. A non-destructive testing equipment comprising:

a magnetic shield container (7A-7D) defining a
magnetically stable inspection zone and having
a magnetically transparent opening facing said
inspection zone;
a magnetic field generator (6, 6A, 6B) attached
to said magnetic shield container (7A-7D), for
generating a stable magnetic field in said
inspection zone;
a magnetic sensor (2) located in said magnetic
shield container (7A-7D) and including at least
one SQUID (22), for detecting, through said
opening, the magnetic field in said inspection
zone; and
means (3, 4, 5) provided to said magnetic
shield container (7A-7D), for cooling said mag-
netic sensor (2),
the testing equipment being configured so as to

move in relation to and along an object (1, 14)
to be tested, while maintaining a positional
relation between said magnetic sensor (2) and
the object (1, 1A) to be tested.

2. A testing equipment according to Claim 1 wherein
said cooling means includes a thermal insulation
container (3) accommodating said magnetic sensor
(2) therein and filled with a cooling medium (4) for
cooling said magnetic sensor (2) to a temperature
not higher than a superconducting critical tempera-
ture.

3. A testing equipment according to Claim 2 wherein a
handle (9) is mounted on an upper portion (7B) of
said magnetic shield container (7A-7D), so that
when the testing equipment is suspended by hold-
ing said handle (9), said magnetic sensor (2) is
always immersed in said cooling medium (4).

4. A testing equipment according to any one of Claims
1 to 3 wherein said magnetic field generator (6, 6A,
6B) includes at least one pair of permanent mag-
nets (6A, 6B) which are selectively put in a first con-
dition in which said at least one pair of permanent
magnets (6A, 6B) are located in parallel to each
other but opposed in polarity to each other so that
said at least one pair of permanent magnets (6A,
6B) are magnetically strongly bonded to each other
and no substantial magnetic field is generated in
the outside of said at least one pair of permanent
magnets (6A, 6B) magnetically bonded to each
other, and in a second condition in which said at
least one pair of permanent magnets (6A, 6B) are
located in parallel to each other and in the same
polarity direction, so that said at least one pair of
permanent magnets (6A, 6B) are magnetically
strongly repelled from each other, and a substantial
magnetic field is generated in the outside of the
said at least one pair of permanent magnets (6A,
6B).

5. A testing equipment according to any one of Claims
1 to 4 further including a non-magnetic spacer (8)
provided on said magnetic shield container (7A,
7D) at a side of said opening, for maintaining a dis-
tance between said magnetic sensor (2) and the
object (1, 1A) to be tested.

6. A testing equipment according to any one of Claims
1 to 5 further including a plurality of non-magnetic
wheels (10) provided on said magnetic shield con-
tainer (7A, 7D) at a side of said opening, for rolling
on a surface of the object (1, 1A) to be tested, while
maintaining a distance between said magnetic sen-
sor (2) and the object (1, 1A) to be tested.

7. A testing equipment according to any one of Claims
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1 to 6 wherein said magnetic sensor (2) comprises
a flux transformer (21) magnetically coupled to said
SQUID (22).

8. A testing equipment according to Claim 7 wherein
said flux transformer (21) includes at least a pair of
pickup coils (24, 25) wound in directions opposite to
each other, so that said magnetic sensor (2) consti-
tutes a gradiometer.

Patentansprüche

1. Zerstörungsfreie Testvorrichtung mit:

einem magnetisch abgeschirmten Behälter
(7A-7D), der einen magnetisch stabilen Inspek-
tionsbereich bildet und eine magnetisch trans-
parente Öffnung aufweist, welche dem
Inspektionsbereich gegenüberliegt;
einem Magnetfeldgenerator (6, 6A, 6B), der mit
dem magnetisch abgeschirmten Behälter (7A-
7D) verbunden ist zur Erzeugung eines stabi-
len Magnetfeldes in dem Inspektionsbereich;
einem Magnetsensor (2), der in dem magne-
tisch abgeschirmten Behälter (7A-7D) ange-
ordnet ist und der wenigstens einen SQUID
(22) aufweist, um durch die Öffnung hindurch
das Magnetfeld in dem Inspektionsbereich zu
messen und
einer Anordnung (3, 4, 5), die im magnetisch
abgeschirmten Behälter (7A-7D) vorgesehen
ist, um den Magnetsensor (2) zu kühlen,
wobei die Testvorrichtung derart ausgelegt ist,
dass sie bezüglich eines zu testenden Gegen-
standes (1, 1A) in Längsrichtung beweglich ist,
wobei sie gleichzeitig eine Positionsbeziehung
zwischen dem Magnetsensor (2) und dem zu
testenden Gegenstand (1, 1A) beibehält.

2. Testvorrichtung nach Anspruch 1, bei der die Kühl-
anordnung einen thermisch isolierten Behälter (3)
aufweist, der den Magnetsensor (2) aufnimmt und
der mit einem Kühlmedium (4) gefüllt ist, um den
Magnetsensor (2) auf eine Temperatur zu kühlen,
die nicht höher als die kritische Supraleitungstem-
peratur ist.

3. Testvorrichtung nach Anspruch 2, bei der ein Hand-
griff (9) im oberen Bereich (7B) des magnetisch
abgeschirmten Behälters (7A-7D) angeordnet ist,
sodass bei Verbindung der Testvorrichtung mit dem
Handgriff (9) der Magnetsensor (2) ständig in das
Kühlmedium (4) eintaucht.

4. Testvorrichtung nach einem der Ansprüche 1 bis 3,
wobei der Magnetfeldgenerator (6, 6A, 6B) wenig-
stens ein Paar Permanentmagnete (6A, 6B) auf-
weist, die wahlweise in einen ersten Zustand

gebracht werden, in dem wenigstens ein Paar der
Permanentmagnete (6A, 6B) parallel zueinander,
jedoch mit entgegengesetzter Polarität zueinander
angeordnet sind, sodass dieses wenigstens eine
Paar von Permanentmagneten (6A, 6B) eine starke
magnetische Bindung zueinander eingeht und kein
wesentliches Magnetfeld außerhalb dieses Paares
von Permanentmagneten (6A, 6B) erzeugt wird, die
magnetisch miteinander verbunden sind und die in
einem zweiten Zustand, in dem dieses Wenigstens
eine Paar von Permanentmagneten (6A, 6B) paral-
lel zueinander und mit gleicher Polaritätsrichtung
angeordnet sind, die beiden das Paar bildenden
Permanentmagnete (6A, 6B) einander magnetisch
stark abstossen und ein erhebliches Magnetfeld
außerhalb dieses Paares von Permanentmagneten
(6A, 6B) erzeugen.

5. Testvorrichtung nach einem der Ansprüche 1 bis 4,
die außerdem einen nicht magnetischen Abstands-
halter (8) aufweist, der am magnetisch abgeschirm-
ten Behälter (7A-7D) vorgesehen ist seitlich der
Öffnung, um einen Abstand zwischen dem Magnet-
sensor (2) und dem zu testenden Gegenstand (1,
1A) einzuhalten.

6. Testvorrichtung nach einem der Ansprüche 1 bis 5,
die außerdem eine Vielzahl von nicht magneti-
schen Rädern (10) aufweist, die am magnetisch
abgeschirmten Behälter (7A-7D) seitlich der Öff-
nung vorgesehen sind, um auf einer Oberfläche
des zu testenden Gegenstandes (1, 1A) abrollen zu
können und zugleich einen Abstand zwischen dem
Magnetsensor (2) und dem zu testenden Gegen-
stand (1, 1A) einzuhalten.

7. Testvorrichtung nach einem der Ansprüche 1 bis 6,
bei der der Magnetsensor (2) einen Flußtransfor-
mator (21) aufweist, der magnetisch mit dem
SQUID (22) gekoppelt ist.

8. Testvorrichtung nach Anspruch 7, bei der der Fluß-
transformator (21) wenigstens ein Paar Aufnahme-
spulen (24, 25) aufweist, die gegensinnig
zueinander gewickelt sind, sodass der Magnetsen-
sor (2) ein Gradiometer darstellt.

Revendications

1. Appareil de test non-destructif comprenant :

une enceinte formant écran magnétique (7A-
7D) définissant une zone d'inspection magnéti-
quement stable et comportant une ouverture
magnétiquement transparente tournée vers la
zone d'inspection ;
un générateur de champ magnétique (6, 6A,
6B) fixé à l'enceinte formant écran magnétique
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(7A-7D) pour produire un champ magnétique
stable dans la zone d'inspection ;

un détecteur magnétique (2) disposé dans
l'enceinte formant écran magnétique (7A-7D)
et comprenant au moins un dispositif de type
SQUID (22) pour détecter, à travers ladite
ouverture, le champ dans la zone d'inspection ;
et
un moyen (3, 4, 5) prévu dans l'enceinte for-
mant écran magnétique (7A-7D) pour refroidir
le détecteur magnétique (2),
l'équipement de test ayant une configuration
propre à se déplacer par rapport à un objet (1,
1A) à tester, et le long de celui-ci, tout en main-
tenant une relation de position entre le détec-
teur magnétique (2) et l'objet (1, 1A) à tester.

2. Equipement de test selon la revendication 1, dans
lequel le moyen de refroidissement comprend un
récipient à isolement thermique (3) contenant le
détecteur magnétique (2) et rempli d'un milieu de
refroidissement (4) pour refroidir le détecteur
magnétique (2) à une température non-supérieure
à une température critique de supraconductivité.

3. Equipement de test selon la revendication 2, dans
lequel une poignée (9) est montée sur une partie
supérieure (7B) de l'enceinte formant écran
magnétique (7A-7D), de sorte que, quand l'équipe-
ment de test est suspendu en tenant la poignée (9),
le détecteur magnétique (2) est toujours immergé
dans le milieu de refroidissement (4).

4. Equipement de test selon l'une quelconque des
revendications 1 à 3, dans lequel le générateur de
champ magnétique (6, 6A, 6B) comprend au moins
deux aimants permanents (6A, 6B) qui sont sélecti-
vement mis dans un premier état dans lequel les-
dits au moins deux aimants permanents (6A, 6B)
sont disposés parallèlement l'un à l'autre mais avec
des polarités opposées de sorte que lesdits au
moins deux aimants permanents (6A, 6B) sont for-
tement liés magnétiquement l'un à l'autre et que
pratiquement aucun champ magnétique n'est pro-
duit vers l'extérieur desdits au moins deux aimants
permanents (6A, 6B) liés magnétiquement l'un à
l'autre, et dans un second état dans lequel lesdits
au moins deux aimants permanents (6A, 6B) sont
disposés parallèlement l'un à l'autre et selon la
même polarité, de sorte que lesdits au moins deux
aimants permanents (6A, 6B) sont fortement
repoussés magnétiquement l'un de l'autre, et qu'un
champ magnétique notable est produit à l'extérieur
desdits au moins deux aimants permanents (6A,
6B).

5. Equipement de test selon l'une quelconque des
revendications 1 à 4, comprenant en outre un espa-

ceur non-magnétique (8) prévu sur l'enceinte for-
mant écran magnétique (7A-7D) d'un côté de
l'ouverture, pour maintenir une distance entre le
détecteur magnétique (2) et l'objet (1, 1A) à tester.

6. Equipement de test selon l'une quelconque des
revendications 1 à 5 comprenant en outre plusieurs
roues non-magnétiques (10) prévues sur l'enceinte
formant écran magnétique (7A-7D) d'un côté de
l'ouverture, pour rouler sur une surface de l'objet (1,
1A) à tester tout en maintenant une distance entre
le détecteur magnétique (2) et l'objet (1, 1A) à tes-
ter.

7. Equipement de test selon l'une quelconque des
revendications 1 à 6, dans lequel le détecteur
magnétique (2) comprend un transformateur de flux
(21) couplé magnétiquement au dispositif SQUID
(22).

8. Equipement de test selon la revendication 7, dans
lequel le transformateur de flux (21) comprend au
moins deux bobines de détection (24, 25) bobinées
en sens opposé, de sorte que le détecteur magné-
tique (2) constitue un gradiomètre.
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