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This X-ray imaging apparatus for rounds includes inside a
(21) Appl. No.: 15/507,462 cart a battery, a charging circuit adapted to limit charging
_ current flowing through the battery, and a control circuit, in
(22) PCT Filed: Sep. 3, 2014 which the control circuit includes: a power supply voltage
(86) PCT No.: PCT/IP2014/073151 de.tectlng part adapted to detect power.supply voltage sup-
plied from an external power supply; a charged voltage
§ 371 (c)(1), detecting part adapted to detect the charged voltage of the
(2) Date: Feb. 28, 2017 battery; a charging current detecting part adapted to detect
Publication Classificati charging current at the time when the battery is charged; and
ublication Classification a charging current value control part adapted to, depending
(51) Int. CL on a variation in the power supply voltage detected by the
A61B 6/00 (2006.01) power supply voltage detecting part, control a charging
A61B 6/06 (2006.01) current value set for the charging circuit.
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X-RAY IMAGING APPARATUS FOR ROUNDS

Technical Field

[0001] The present invention relates to an X-ray imaging
apparatus for rounds including a buttery power supply.

BACKGROUND ART

[0002] An X-ray imaging apparatus for rounds includes a
cart having wheels in order to move among hospital rooms,
and has a configuration adapted to irradiate a subject with
X-rays that are emitted from an X-ray tube supported by a
supporting member and of which the irradiation field is
restricted by a collimator, and detect X-rays having passed
through the subject by an X-ray detector such as a flat panel
detector or an image intensifier (I.I.). Also, such an X-ray
imaging apparatus for rounds is mounted with a battery in
the cart in order to make it possible to perform X-ray
imaging in an unspecified place including the case where no
external power supply is provided (see Patent Literature 1
and Patent Literature 2).

[0003] Such a battery is a supply source of electric power
for driving the wheels in order to move the X-ray imaging
apparatus for rounds and electric power for emitting the
X-rays from the X-ray tube. In addition, the electric power
is preliminarily charged in the battery from an external
power supply through a power supply cord and a charging
circuit.

[0004] The charging circuit incorporates a charging cur-
rent control transistor, and it is known that at the time of
charging, the charging current control transistor produces
heat. For this reason, for the purpose of reducing the
temperature rise of the charging current control transistor,
there is proposed a charging device adapted to, depending on
the temperature of a charging current control transistor, be
able to change a charging current value or a charging voltage
value at the time of charging set for a charging circuit
depending on a battery charging method (see Patent Litera-
ture 3).

[0005] Meanwhile, it is known that when supply voltage
from an external power supply for charging a battery varies
in excess of a predetermined voltage variation range, the
variation interrupts the stable action of an apparatus. For this
reason, for the X-ray imaging apparatus for rounds, an
allowable voltage variation range is set in order to prevent
the failure of the apparatus caused by a variation in supply
voltage. In addition, the X-ray imaging apparatus for rounds
includes a safety mechanism that when the supply voltage
varies in excess of the set voltage variation range, detects the
variation as an error and stops power supply from an
external power supply.

[0006] FIG. 5 and FIG. 6 are graphs explaining the rela-
tionship between a variation in voltage and charging current
immediately after the start of charging of a battery in a
conventional X-ray imaging apparatus for rounds. In FIG. §
and FIG. 6, the upper graphs illustrate the variations in the
voltage (V) of an external power supply, and the lower
graphs illustrate variations in the charging current (A). In
addition, the horizontal axes of the graphs represent time
(second). Note that the graphs illustrate cases when charging
a lead-acid battery at a constant current.

[0007] In the conventional X-ray imaging apparatus for
rounds, as the external power supply for charging the
battery, a commercial power supply of which a variation in
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supply voltage is controlled to be within a predetermined
range (e.g., a voltage variation range with respect to a
standard voltage is +10%) is assumed. For this reason, a
voltage variation range +X % (indicated by dashed lines in
the graphs) allowable by the X-ray imaging apparatus for
rounds is set to, for example, £10 to 15%. In addition, the
battery charging is adapted to be started, regardless of the
variation in the power supply voltage, at a constant charging
current value set for a charging circuit. Immediately after
connecting the X-ray imaging apparatus for rounds to the
external power supply, inrush current flows to temporarily
cause a voltage drop. Unless such a temporal voltage drop
exceeds the voltage variation range +X %, as illustrated in
FIG. 5, the charging is continuously performed at the
constant charging current value c.

CITATION LIST

Patent Literature

[0008] Patent Literature 1: JP-A2008-61944
[0009] Patent Literature 2: JP-A2000-60833
[0010] Patent Literature 3: JP-A2010-172158
SUMMARY OF INVENTION
Technical Problem
[0011] However, depending on countries and regions, a

variation in the voltage of a commercial power supply
supplied by a power company or the like may be larger than
the voltage variation range allowable by the X-ray imaging
apparatus for rounds. In the case where the variation in the
voltage of the external power supply is larger than the
voltage variation range allowable by the X-ray imaging
apparatus for rounds, the safety mechanism on the side of
the X-ray imaging apparatus for rounds is activated to stop
charging the battery.

[0012] Also, when using the X-ray imaging apparatus for
rounds in a state where power supply from a commercial
power supply is lost due to natural disaster or the like, or
when using the X-ray imaging apparatus for rounds in a
region where power supply equipment such as a commercial
power supply is absent, electric power for charging the
battery must be ensured from a power generating device
called a private power generator.

[0013] However, when the capacity of the power gener-
ating device is smaller than that in power supply specifica-
tions prescribed for the X-ray imaging apparatus for rounds,
connecting the X-ray imaging apparatus for rounds to the
power generating device results in a significant reduction in
supply voltage from the power generating device because of
the insufficient capacity of the power generating device.
When such a voltage drop is larger than the voltage variation
range allowable by the X-ray imaging apparatus for rounds,
as illustrated in FIG. 6, the safety mechanism on the side of
the X-ray imaging apparatus for rounds is activated before
the charging current reaches the set current value ¢ (indi-
cated by a dashed-dotted line in graphs), and therefore it
becomes impossible to charge the battery. In addition, for the
charging circuit of the conventional X-ray imaging appara-
tus for rounds, a current value corresponding to /1o capacity
of the rated capacity of the lead-acid battery is set as the
current value c.

[0014] Further, the power generating device includes a
safety mechanism adapted to detect an overload to stop
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outputting the electric power, and therefore when connected
with the X-ray imaging apparatus for rounds, the power
generating device side may detect an overload to stop
outputting the electric power from the power generating
device. In such a case as well, it is impossible to charge the
battery.

[0015] In the case where it is impossible to charge the
battery, electric power necessary for X-ray imaging cannot
be stored in the battery. For this reason, when necessary,
X-ray imaging cannot be performed, and patient treatment
and/or the like may be affected.

[0016] The present invention is made in order to solve the
above-described problem, and intends to provide an X-ray
imaging apparatus for rounds capable of charging a battery
even when supply voltage from an external power supply is
unstable.

Solution to Problem

[0017] A first aspect of the present invention includes: an
apparatus main body mounted with a battery; an X-ray tube
supported by the apparatus main body via a supporting
member; and an X-ray detector adapted to detect an X-ray
that has been emitted from the X-ray tube and passed
through a subject, in which the battery serves as a power
supply, and includes a control circuit having: a voltage
detecting part adapted to detect voltage that is inputted from
an external power supply to a charging circuit when charg-
ing the battery; and a charging current control part adapted
to, during a certain time after a start of the charging of the
battery, change a setting value of charging current for the
battery depending on a drop rate of a value of the voltage
detected by the voltage detecting part.

[0018] A second aspect of the present invention is the first
aspect according to the present invention in which the
charging current control part increases the setting value of
the charging current in a multistep manner or at a predeter-
mined gradient during the certain time after the start of the
charging of the battery.

Advantageous Effects of Invention

[0019] According to the first aspect of the present inven-
tion, by including the control circuit having; the voltage
detecting part adapted to detect the voltage that is inputted
from the external power supply to the charging circuit when
charging the battery; and the charging current control part
adapted to change the setting value of the charging current
for the battery depending on the drop rate of the value of the
voltage detected by the voltage detecting part, a charging
current value can be changed so as to prevent the occurrence
of'a voltage drop exceeding a voltage variation range set for
an X-ray imaging apparatus for rounds, and therefore even
when charging the battery from an unstable commercial
power supply of which a variation in supply voltage is large
or a private power generator having small capacity, the stop
of the charging of the battery can be avoided to continue the
charging of the battery.

[0020] According to the second aspect of the present
invention, since the charging current control part increases
the setting value of the charging current in the multistep
manner or at the predetermined gradient during the certain
time after the start of the charging of the battery, the
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maximum current value not causing the voltage drop
exceeding the voltage variation range can be set as the
charging current value.

BRIEF DESCRIPTION OF DRAWINGS

[0021] FIG. 1 is a perspective view of an X-ray imaging
apparatus for rounds according to the present invention.
[0022] FIG. 2 is a perspective view of the X-ray imaging
apparatus for rounds according to the present invention.
[0023] FIG. 3 is a block diagram illustrating the main
electrical configuration of the X-ray imaging apparatus for
rounds according to the present invention.

[0024] FIG. 4 is a graph explaining the relationship
between external power supply voltage and charging current
immediately after the start of charging in the X-ray imaging
apparatus for rounds according to the present invention.
[0025] FIG. 5 is a graph explaining the relationship
between external power supply voltage and charging current
immediately after the start of charging in a conventional
X-ray imaging apparatus for rounds.

[0026] FIG. 6 is a graph explaining the relationship
between external power supply voltage and the charging
current immediately after the start of the charging in the
conventional X-ray imaging apparatus for rounds.

DESCRIPTION OF EMBODIMENTS

[0027] In the following, an embodiment of the present
invention will be described on the basis of drawings. FIG. 1
and FIG. 2 are perspective views of an X-ray imaging
apparatus for rounds according to the present invention.
[0028] The X-ray imaging apparatus for rounds is one that
moves among multiple hospital rooms to perform X-ray
imaging in each of the hospital rooms, and includes: a
support post 12 disposed on a cart 11; an arm 13 disposed
movably up and down along the support post 12; an X-ray
tube 21 disposed at the fore end of the arm 13; a collimator
22 disposed below the X-ray tube 21; an X-ray detector 23
for detecting X-rays having been emitted from the X-ray
tube 21 and passed through a subject, such as a flat panel
detector; a switch 29 for emitting X-rays from the X-ray tube
21 to start X-ray imaging; and a containing part 15 for
containing the X-ray detector 23. In addition, the X-ray
imaging apparatus for rounds includes: a pair of left and
right front wheels 17 as wheels for changing a direction; a
pair of left and right rear wheels 16 as wheels to be driven
by the below-described motor 46; an operation handle 14 for
operating the traveling direction of the cart 11; and a touch
panel 18 functioning as a display part and an operation part.
[0029] The collimator 22 is annexed with a handle 24 that
is used when integrally moving the X-ray tube 21 and the
collimator 22. Also, the X-ray tube 21 is supported by the
arm 13 via a holding part 30.

[0030] As illustrated in FIG. 1 and FIG. 2, the X-ray tube
21 and the collimator 22 attached to the X-ray tube 21 are
adapted to be swingable in a 61 direction around a shaft
facing in a direction orthogonal to an extending direction of
the arm 13 and in a 82 direction around a shaft facing in the
extending direction of the arm 13. Also, as illustrated in FIG.
1 and FIG. 2, the arm 13 revolves in a 63 direction around
the support post 12, and thereby the X-ray tube 21 and the
collimator 22 are adapted to be movable in the horizontal
direction. Further, as illustrated in F1G. 1 and FIG. 2, the arm
13 telescopes in an A direction, and thereby the X-ray tube
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21 and the collimator 22 are adapted to be movable in the
horizontal direction. Still further, as illustrated in FIG. 1 and
FIG. 2, the arm 13 moves up and down in a Z direction along
the support post 12, and thereby the X-ray tube 21 and the
collimator 22 are adapted to be movable in the vertical
direction.

[0031] Note that FIG. 1 illustrates a state where the
extending direction of the arm 13, i.e., the direction indi-
cated by the arrow A in FIG. 1, in which the X-ray tube 21
and the collimator 22 moves together with the arm 13, and
a direction indicated by an arrow X in FIG. 1, in which the
cart 11 moves to the front are parallel, and FIG. 2 illustrates
a state where the extending direction of the arm 13, i.e., the
direction indicated by the arrow A in FIG. 2, in which the
X-ray tube 21 and the collimator 22 moves together with the
arm 13, and the direction indicated by the arrow X in FIG.
2, in which the cart 11 moves to the front are orthogonal
directions.

[0032] FIG. 3 is a block diagram illustrating the main
electrical configuration of the X-ray imaging apparatus for
rounds according to the present invention.

[0033] The X-ray imaging apparatus for rounds includes a
battery 43, a charging circuit 42 adapted to limit charging
current flowing through the battery 43, and a control circuit
50 inside the cart 11. The battery 43 is connected to an X-ray
high-voltage control device 44 adapted to control various
conditions at the time of the emission of the X-rays from the
X-ray tube 21, such as tube current/tube voltage and an
irradiation time, a motor driving part 45 adapted to control
the driving of the motor 46 for driving the rear wheels 16,
and the touch panel 18 adapted to display various pieces of
information necessary for an X-ray imaging image and
X-ray imaging, and supplies electric power necessary for the
actions of them. As the battery 43, for example, a lead-acid
battery is used.

[0034] The control circuit 50 includes, as a functional
configuration, a power supply voltage detecting part 51
adapted to detect power supply voltage supplied from an
external power supply 41; a charged voltage detecting part
52 adapted to detect the charged voltage of the battery 43;
a charging current detecting part 53 adapted to detect the
charging current at the time of charging the battery 43; and
a charging current value control part 54 adapted to control
a charging current value that is set for the charging circuit 42
depending a variation in the power supply voltage detected
by the power supply voltage detecting part 51.

[0035] The setting of the charging current value for the
charging circuit 42 at the time of charging the battery 43 in
the X-ray imaging apparatus for rounds having the configu-
ration as described above will be described in more detail.
FIG. 4 is a graph explaining the relationship between the
external power supply voltage and the charging current
immediately after the start of the charging in the X-ray
imaging apparatus for rounds according to the present
invention. The upper graph in FIG. 4 illustrates the variation
in the voltage (V) of the external power supply, and the
lower graph illustrates a variation in the charging current
(A). In addition, the horizontal axes of the graphs represent
time (second).

[0036] The rapid voltage drop of the supply voltage from
the external power supply 41 side occurs, in particular,
because the X-ray imaging apparatus for rounds is con-
nected and consequently an excessive load is placed on the
external power supply 41. Usually, when charging the lead-
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acid battery at a constant current, a predetermined value
(e.g., a current value corresponding to V1o capacity of the
rated capacity of the lead-acid battery) is set for the charging
circuit 42 as the charging current value. In addition, as
previously described with reference to FIG. 5 and FIG. 6,
immediately after connecting the X-ray imaging apparatus
for rounds to the external power supply 41, partly due to the
effect of inrush current, the charging current flowing through
the battery 43 via the charging circuit 42 reaches the set
charging current value in a few seconds. When the external
power supply 41 at this time is a private power generator
having small capacity or an unstable commercial power
supply that supplies electric power at lower voltage than a
standard voltage, the power supply voltage reduces in excess
of the voltage variation range allowable by the X-ray
imaging apparatus for rounds, and consequently the charg-
ing of the lead-acid battery stops.

[0037] In the X-ray imaging apparatus for rounds accord-
ing to the present invention, the charging current value at the
time of starting the charging of the battery 43 set for the
charging circuit 42 is adapted to be changed without being
set to a predetermined value as in the usual manner. A setting
value change such as setting an initial value to 0 A (amperes)
and increasing the setting value by 5 A every two seconds,
a setting value change adapted to preset the minimum value,
the maximum value, and a time t (second) required to reach
the maximum value from the minimum value and change the
charging current value at a predetermined gradient, or
another setting value change is made.

[0038] FIG. 4 illustrates, as an example, variable charging
current control (a dashed-two dotted line in the lower graph)
adapted to increase the setting value of the charging current
from the minimum value 0 A to the maximum value ¢ A at
a predetermined gradient during a certain time t after the
start of the charging. Note that in the example of FIG. 4, as
the maximum value c, the current value that is usually set for
the charging circuit 42 as the charging current value at the
time of starting the charging and corresponds to /1o capacity
of the rated capacity of the battery 43 is employed. Also, in
consideration of the fact that the time required to reach the
usual predetermined charging current value (the current
value corresponding to the V1o capacity of the rated capacity)
after the X-ray imaging apparatus for rounds has been
connected to the external power supply 41 is a few seconds,
the certain time t is set to a time of ten to a few ten seconds
that is approximately two to five times longer than a few
seconds. In other words, the certain time t is set such that
speed before reaching the charging current value before
reaching which the charging is continued becomes slower
than usual.

[0039] In the X-ray imaging apparatus for rounds accord-
ing to the present invention, since the power supply voltage
detecting part 51 can notify the variation in the power supply
voltage, the charging current value set for the charging
circuit 42 is changed depending on the drop rate of the
power supply voltage value. That is, as indicated by solid
lines in FIG. 4, when in the process of increasing the
charging current value set for the charging circuit 42 step-
wise or at a predetermined gradient, the voltage value
detected by the power supply voltage detecting part 51 drops
close to the lower limit value of the voltage variation range
allowable by the X-ray imaging apparatus for rounds, the
increase in the charging current value is stopped.
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[0040] When stopping the increase in the charging current
value as described, since the current does not flow more than
before, the voltage drop stops, and the power supply voltage
can be prevented from falling below the lower limit value of
the voltage variation range allowable by the X-ray imaging
apparatus for rounds. As a result, the charging of the battery
43 can be continued.

[0041] As the drop rate of the power supply voltage
serving as a criterion for stopping the increase in the
charging current value in the charging current value control
part 54, a drop rate 1 to 2% smaller than the maximum
voltage variation drop rate allowable by the X-ray imaging
apparatus for rounds is preferable. For example, when the
voltage variation range allowable by the X-ray imaging
apparatus for rounds is set to £10% of the standard voltage,
at the time when the voltage value from the external power
supply 41 detected by the power supply detecting part 51
reaches a value 8 to 9% lower than the standard voltage, the
charging current value control part 54 performs control to
stop the increase in the charging current value set for the
charging circuit 42. Alternatively, it may be adapted to
increase the charging current value set for the charging
circuit 42 when the voltage value rises.

[0042] In the above-described embodiment, the case of a
constant current charging method has been described; how-
ever, when charging the battery 43 using another charging
method as well, the change in the charging current value by
the charging current value control part 54 can be made
depending on the voltage value detected by the power
supply voltage detecting part 51. That is, the voltage drop
immediately after the start of the charging is a phenomenon
occurring also when charging the battery 43 using another
charging method such as a constant current/constant voltage
charging method or a multistep constant current charging
method. In the present invention, since during the certain
time after the start of the charging of the battery 43, the
charging current value set for the charging circuit 42 is
changed to prevent current causing a voltage drop exceeding
the voltage variation range from flowing through a battery
charging system, subsequent charging of the battery 43 can
be continued. Accordingly, when charging the battery 43
using another charging method as well, the above-described
change in the charging current value by the charging current
value control part 54 depending on the voltage value
detected by the power supply voltage detecting part 51
makes it possible to avoid the stop of the charging due to the
voltage drop immediately after the start of the charging and
continue subsequent charging of the battery 43.

[0043] Also, during the certain time after the start of the
charging, since the maximum current value not causing the
voltage drop exceeding the voltage variation range can be
set as the charging current value by increasing the charging
current value set for the charging circuit 42 stepwise or at a
predetermined gradient, it becomes possible to efficiently
charge the battery 43 in a limited charging environment.
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[0044] In addition, in the X-ray imaging apparatus for
rounds according to the present invention, the battery 43 is
charged at a different charging current value depending on
the variation in the voltage of the external power supply 41.
For this reason, it may be adapted to display a charge
indicator on the touch panel 18 so as to be able to notify
which level of charging current the charging is performed at.

REFERENCE SIGNS LIST

[0045] 11 Cart

[0046] 12 Support post

[0047] 13 Arm

[0048] 16 Rear wheel

[0049] 17 Front wheel

[0050] 18 Touch panel

[0051] 21 X-ray tube

[0052] 22 Collimator

[0053] 23 X-ray detector

[0054] 24 Handle

[0055] 30 Holding part

[0056] 41 External power supply

[0057] 42 Charging circuit

[0058] 43 Battery

[0059] 44 X-ray high-voltage control device
[0060] 45 Motor driving part

[0061] 46 Motor

[0062] 50 Control circuit

[0063] 51 Power supply voltage detecting part
[0064] 52 Charged voltage detecting part
[0065] 53 Charging current detecting part
[0066] 54 Charging current value control part

1-2. (canceled)

3. An X-ray imaging apparatus for rounds, comprising: an
apparatus main body mounted with a battery; an X-ray tube
supported by the apparatus main body via a supporting
member; and an X-ray detector adapted to detect an X-ray
that has been emitted from the X-ray tube and passed
through a subject, wherein the battery serves as a power
supply, the apparatus comprising:

a control circuit having:

a voltage detecting part adapted to detect voltage that is
inputted from an external power supply to a charging
circuit when charging the battery; and

a charging current control part adapted to, during a certain
time after a start of the charging of the battery, change
a setting value of charging current for the battery
depending on a drop rate of a value of the voltage
detected by the voltage detecting part.

4. The X-ray imaging apparatus for rounds, according to
claim 3, wherein the charging current control part increases
the setting value of the charging current in one of a multistep
manner or at a predetermined gradient during the certain
time after the start of the charging of the battery.
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