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[57] ABSTRACT
An X-ray examination apparatus for irradiating an ob-

ject in different directions comprises a C-shaped sup-

port whereto there are secured an X-ray source, an
X-ray detector and a counterweight. The counter-
weight is situated at the end of the arm which also
carries the X-ray detector. The movement of the coun-
terweight is such that for all positions of the X-ray
detector the center of gravity of the support, the X-ray
source, the X-ray detector and the counterweight is
situated in the point of intersection of the axes of rota-
tion (the isocenter). As a result, the support is continu-
ously balanced and manual adjustment of the support is
possible. Balancing is enhanced by a cast and hence
light C-shaped support.

10 Claims, 1 Drawing Sheet
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X-RAY EXAMINATION APPARATUS
COMPRISING A BALANCED SUPPORTING ARM

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made
by reissue,

The invention relates to an X-ray examination appa-
ratus, comprising a vertical column, a sleeve which 1s
connected to the column and which is rotatable about a
first horizontal axis, and a C-shaped support which 1s
carried by the sleeve and which is movable in the sleeve
about a second axis which intersects the first axis at
right angles, said C-shaped support accommodating an
X-ray source at a first end and an X-ray detector at a
second end, which X-ray detector is movable along a
central ray of an X-ray beam to be emitted by the X-ray
source.

An X-ray examination apparatus for irradiating an

object in different directions is known from U.S. Pat.
No. U.S. 3,281,598.

In an X-ray examination apparatus described therein
combined rotation of the X-ray source and the X-ray
detector, connected to a two-armed support, takes place
about three axes which intersect one another at right
angles in one point (the iso-centre) which is situated
between the X-ray source and the X-ray detector. The
known X-ray examination apparatus, however, is not
balanced and the locking in positions in which the two-
armed support ts rotated out of a vertical plane about a
first horizontal axis is provided by an electric motor and
a gearwheel transmission. Movement of the two-armed
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support in the sleeve under the influence of the force of 35

gravity is prevented by an electric motor which locks
the arm in the sleeve for a given irradiation direction.
Manual adjustment of the direction of irradiation, how-
ever, is obstructed thereby. In order to prevent the
non-balanced, comparatively heavy X-ray detector, for
example an X-ray image intensifier tube, from colliding
with the support or an object to be examined upon
displacement along the central ray, for example for
adjusting an enlargement, the X-ray examination appa-
ratus usually comprises protection mechanism.

It is an object of the invention to provide a compact
X-ray exsmination apparatus of comparatively simple
coustrucuon for irradiation an object from different
directions, in which an X-ray source and an X-ray de-
tector are arranged opposite one another, and in which
the positions of the X-ray source and the direction of
irradiation are manually adjustable without substantial
effort.

To achieve this, an X-ray examination apparatus of
the kind set forth in accordance with the invention is
characterized in that a shift of a centre of gravity of the
X-ray detector which occurs upon displacement of the
X-ray detector along the central ray is substantially
compensated for by way of a counterweight which is
secured to the second end of the support and whose
direction of movement opposes that of the X-ray detec-
tor, in that a common centre of gravity of the support,
the X-ray sottree, the X-ray detector and the counter-
weight is situated on the second axis for an adjustable
range of distances between the X-ray detector and the
X-ray source, and in that a common centre of gravity of
the sleeve, the support, the X-ray detector, the X-ray
source and the counterweight is situated on the first
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horizontal axis for an adjustable range of distances be-
tween the X-ray detector and the X-ray source.

It i1s to be noted that the balancing of the motion of
the X-ray detector by means of a counterweight which
moves in the opposite direction is known per se from
U.S. Pat. No. 3,892,967.

In the apparatus described in the cited Patent Specifi-
cation a two-armed support is formed by a pivotable
parallelogram construction comprising an X-ray source
and an X-ray detector which are situated opposite one
another on two long projecting arms. The counter-
weight moves, via a pulley construction, along one of
the short side arms interconnecting the projecting arms
in the parallellogram construction. For the balancing of
such an X-ray examination apparatus, correct adapta-
tion of weight and position of the X-ray source, the
X-ray detector, the balancing weight and the support is
less critical than for the balancing of C-shaped support.
The common centre of gravity of all parts can be situ-
ated in a position on the first axis of rotation by adding
balancing weights to the parallelogram construction.
No additional balancing weights may be added to the
C-shaped support which must be capable of moving
freely in the sleeve, and adaptation of the centres of
gravity of the C-shaped support, the X-ray source, the
X-ray detector and the balancing weight so that the
common centre of gravity thereof is situated on the
second axis of rotation is essential.

A preferred embodiment of an X-ray examination
apparatus in accordance with the invention 1s character-
ized in that the C-shaped support is formed by a tubular
profile provided with two running surfaces on an outer
side, which profile comprises internal partitions, said
profile, running surfaces and partitions being formed by
a single casting having a wall thickness of between
approximately 8 and 5 mm.

By casting the support as an integral unit having a
comparatively small wall thickness, the number of oper-
ations required for manufacturing the support is re-
duced; moreover, the small wall thickness of the casting
enables fast dissipation of heat from the casting after the
casting process, so that a comparatively light and high-
quality casting is obtained as a result of the fast cooling.
Because of the comparatively large saving in weight
enabled by the casting process, the load exerted on the
sleeve, the C-shaped support itself and the vertical sus-
pension is comparatively low, and facilitates balancing.

The invention will be described in detail hereinafter
with reference to the accompanying drawing;, therein

FIG. 1a is a side elevation of an X-ray examination
apparatus,

FIG. 1b is a diagrammatic plan view of an X-ray
examination apparatus,

F1G. 2 diagrammatically illustrates the movement of
the X-ray detector and the counterweight, and

FIG. 3 is a cross-sectional view of a cast C-shaped
support.

FIG. 1a shows a vertical column 2 and a sleeve 4
secured thereto. The sleeve 4 is rotatable about an axis
A and supports a two-armed support 6 (in this case 1n
the form of a C-arc). The support 6 is provided on both
sides with slots 8 (only one of which is visible m the
Figure) in which there are arranged bearing wheels 10,
and which are movable in the sleeve 4 in the direction of
arrow B. At one end of the support 6 there 1s situated an
X-ray source 12 which emits an X-ray beam which 1s
incident on an entrance screen 14 of an X-ray image



Re. 34,943

3

intensifier tube 16. The X-ray image intensifier tube 16
converts an X-ray image of a2 body located between the
X-ray source 12 and the X-ray detector 16 into a visible
image which is detected by means of a video camera 18.
The centre of gravity of the support 6 is situated 1n a
position 20, the common centre of gravity of the X-ray
source 12 and the support 6 being situated in a point 22.
The X-ray image intensifier tube 25 has a centre of
gravity in a position 25, a counter, veight 26 having a
centre of gravity in a position 27. Movement of the
X-ray image intensifier tube 16 parallel to the axis C is
guided along a centre ray of the source 12 by wheels 29,
transmission means 30 transferring to the counterweight
26 a motion of the X-ray image intensifier tube in the
opposite direction. A movement of the counterweight
26 is guided by wheels 31. When the X-ray image inten-
sifier tube 16 is moved in the direction of an arrow D by
means of a grip 28 connected to the X-ray image intenst-
fier tube, the counterweight 26 coupled to the X-ray
image intensifier tube is moved in the direction of an
arrow E. As a result, the common centre of gravity of
the X-ray image intensifier tube and the counterweight
remains in the position 23 and the common centre of
gravity of the support 6, the X-ray source 12 and the
combination formed by the X-ray knnge intensifier tube
and the counterweight remains in the position 24 which
is situated on the second axis of rotation which extends
perpendicularly to the plane of drawing. Because the
centre of gravity remains situated on the second axis of
rotation during movement of the arm 6 in the direction
of the arrow B, little effort will be required for this
operation. The common centre of gravity of the sleeve
4, the arm 6, the X-ray source 12 and the combination
formed by the image intensifier tube and the counter-
weight is situated on the axis A, so that the X-ray exami-
nation apparatus is balanced during rotation about the
axis A.

FIG. 1b is a plan view of the sleeve 4 and the support
6. When the common centre of gravity of the support,
the X-ray [detector] combination formed by the image
intensifier tube and the and the counterweight is situated
in a position 24 on the second axis F, the centre of grav-
ity of the sleeve 4 1s situated in a position 50 so that the
common centre of gravity of the sleeve 4, support or arm
6, X-ray source 12, and the combination formed by the
image intensifier tube and the counterweight is situated in
a position 52 on the first horizontal axis A spaced from
the intersection between the horizontal first axis A and the
second axis F.

FIG. 2 diagrammatically illustrates the coupling of
the movement of the X-ray image intensifier tube and
the counterweight. For example, via n dnive belt or
chain 36 which extends in a closed loop around two
pulleys 38 and whereto the X-ray image intensifier tube
as well as the counterweight are secured, the movement
of the X-ray image intensifier tube is transferred to the
counterweight in the opposite direction.

FIG. 3 is a cross-sectional view of C-shaped support
6, taken along a line Q—Q, in FIG. 1a. The wail thick-
ness of an inner side 9 and an outer side 10 of the casting
amounts to 5 mm: the thickness of the side walls being
8§ mm. As a result of the U-shaped recessed running
surfaces 11 and the curvature of the inner side 9, the
profile has an optimum stiffness to weight ratio. A num-
ber of partitions 12 are arranged at regular distances
from one another in the support 6 and have a wall thick-
ness of, for example, 6 mm. The partitions 12 have an 7
opening for the passage of cables, for example, for pow-
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ering the X-ray source or for transporting X-ray detec-
tor signals. After completion of the casting, holes will
be present in the running surfaces 11 at areas where
casting cores for securing and correct positioning
project through the wall 11. After casting, these holes
are closed by welding and the surface of the running
faces 11, being formed with a high casting quality and
having a comparatively low porosity, are subjected to a
finishing operation, if necessary. The outer sides of the
walls 9 and 10 may be sandblasted. The support 6 is
preferably made of cast AlSilOMg(CU)WA or AlZnl-
0Si8Mg or equivalent, comparatively light matenals.
AlZn10Si8Mg has the advantage of cold hardening, so
that it is not necessary to harden the C-shaped support-
ing arm in, for example an oven.
What is claimed 1s:
1. An X-ray examination apparatus including a col-
umn, a sleeve connected to the column and rotatable
about a first horizontal axis, a C-shaped support mov-
ably secured to the sleeve for rotation about a second
axis which intersects the first axis at right angles, said
sleeve having a center of gravity offset from said first
and second axes, an X-ray source secured to the support
at a first support end and an X-ray detector secured to
the support at a second support end, the X-ray detector
being movable along a central ray of an X-ray beam
emitted by the source, the combination therewith com-
prising:
a counterweight movably secured to said second end;
means for coupling the counterweight to said detec-
tor such that a shift in the center of gravity of the
X-ray detector upon displacement of the detector
shifts the position of the counterweight; and

means for compensating for the shift in center of
gravity of the detector including means for posi-
tioning the combined center of gravity of the sup-
port, X-ray source, X-ray detector and counter-
weight on the second axis over an adjustable range
of distances of the detector relative to the source
and for positioning the combined center of gravity
of the sleeve, support, X-ray detector, X-ray
source and counterweight on the first axis over said
adjustable range of distances.

2. An X-ray examination apparatus as claimed In
claim 1, characterized in that the C-shaped support 1s
formed by a tubular profile provided with two running
surfaces on an outer side, which profile comprises inter-
nal partitions, said profile, running surfaces and parti-
tions being formed by a single casting having a wall
thickness of between approximately 8 and 5 mm.

3. An X-ray examination apparatus as claimed in
claim 1, characterized in that the X-ray detector com-
prises image intensifier tube.

4. An X-ray examination apparatus as claimed in
claim 2, characterized in that the C-shaped support
contains one of the alloys G-AlIS110MB(CU)WA and
G-AlZn10Si8Mg.

5. An X-ray examination apparatus including a col-
umn, a sleeve connected to the column and rotatable
about a first horizontal axis, a C-shaped support mov-
ably secured to the sleeve for rotation about a second
axis which intersects the first axis at right angles, said
sleeve having a center of gravity offset from said first
and second axes, an X-ray source secured to the support
at a first support end and an X-ray detector movably
secured to the support at a second support end, the
combination therewith comprising:

a counterweight movably sectwed to said support;
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means for coupling the counterweight to said detec-
tor such that a shift in the center of gravity of the
X-ray detector upon displacement of the detector
shifts the position of the counterweight, said coun-
terweight being so constructed and positioned to
compensate for the shift in center of gravity of the

detector by maintnining the combined center of

gravity of the support, X-ray source, X-ray detec-
tor and counterweight on the second axis over an

adjustable range of distances of shift of positions of

the detector relative to the source and by maintain-
ing the combined center of gravity of the sleeve,
support, X-ray detector, X-ray source and counter-
welght on the first axis over said adjustable range
of distances.

6. The apparatus of claim S wherein said counter-
weight comprises a weight secured for translation in
response to the displacement of said detector for main-
taining the combined center of gravity of said weight
and said detector in fixed position relative to the sup-
port regardless the displacement of said detector.

7. The apparatus of claim 6 wherein the combined
center of gravity of the detector and weight are offset

from said first axis to maintain the combined center of

gravity of the siceve therewith on said first axis.
8. An X-ray examination apparatus comprising:
a column;
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a C-shaped support movably secured to the sleeve for
rotation as a unit about a second axis which perpen-
dicularly intersects the first axis at a point of intersec-
tion, said support having first and second support
ends,

an X-ray source secured to the support at the first support
end;

An X-ray detector movably secured to the support at the
second support along a central ray path directed be-
tween said detector and said source;

a counterweight movably secured to said support; and

coupling means between said X-ray detector and said
counterweight for linking movement of said X-ray
detector to movement of said counterweight such that
over said adjustable range of positions of said X-ray
detector along said central ray path, a shift in center
of gravity of the detector is substantially compensated
for by a shift in center of gravity of the counterweight
in order to maintain a combined center of gravity of
the support, X-ray source, X-ray detector, and coun-
terweight on the second axis and to maintain a com-
bined center of gravity of the sleeve, support, X-ray
source, X-ray detector and counterweight on the first
axis at a point spaced from said point of intersection.

9. An apparatus as claimed in claim 8, wherein said

central ray path perpendicularly intersects said second axis
at said point of intersection.

10. An apparatus as claimed in claim 9, wherein said

counterweight is movably secured to said support at said

a sleeve connected 1o the column and rotatable about a 30 second end.

first horizontal axis;
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