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Description

The present invention relates to an X-ray gener-
ator apparatus having an X-ray tube which generates
X-rays when applied with a high voltage obtained by
increasing an input A.C. voltage by means of a step-
up transformer or the like and rectifying the increased
voltage.

An example of this type of conventional X-ray
generator apparatus is shown in Fig. 1. In order to en-
hance the performance and make the device small
and lightweight, a frequency converter 2 for convert-
ing the frequency of a voltage supplied from an input
power source (A.C. power source) is connected to the
primary side of a high voltage transformer 3. An out-
put voltage of the frequency converter 2 is increased
by the high voltage transformer 3 and an output vol-
tage of the high voltage transformer 3 is rectified by
a high voltage rectifier 4. Arectified output of the high
voltage rectifier 4 is applied between the anode and
cathode of an X-ray tube 5 serving as an X-ray
source.

The frequency converter 2 is generally formed of
a rectifier for converting an input A.C. voltage to a
D.C. voltage, a capacitor for filtering the D.C. voltage,
and an inverter for converting the D.C. voltage from
the capacitor to an A.C. voltage of a desired frequen-
cy. The frequency converter 2 converts the frequency
fo (which is a commercial frequency and is generally
50/60 Hz) of the input A.C. voltage to a frequency fl
which is higher than the frequency fo and then applies
the voltage to the high voltage transformer 3. As the
output frequency fl of the frequency converter 2 is set
to be higher, the size and weight of the frequency con-
verter 2 and high voltage transformer 3 can be re-
duced. Since the impedances of coils and capacitors
generally vary according to the frequency, the capac-
itance and inductance can be reduced as the frequen-
cy is set higher if the impedances are kept un-
changed. Since the capacitance and inductance vary
in proportion to the size of the capacitor and coil, the
size and weight of the frequency converter 2 and high
voltage transformer 3 using the coil and capacitor can
be reduced as the frequency becomes higher.

However, in the above X-ray generator appara-
tus, the output frequency fl of the frequency conver-
ter 2 cannot be increased limitlessly and the upper
limit thereof is determined by the characteristic of the
high voltage transformer 3 for the following reason.
Fig. 2 shows an equivalent circuit of the device shown
in Fig. 1 in view of the secondary portion of the trans-
former 3. In Fig. 2, L1, L2 and M respectively denote
the primary inductance, secondary inductance and
mutual inductance of the high voltage transformer 3.
N denotes the turn ratio (the number of turns of the
secondary windings/the number of turns of the pri-
mary windings) of the transformer 3. In this case, in
order to obtain a high output voltage, the high voltage
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transformer 3 is so designed that the number of turns
of the secondary winding is set to be very larger than
that of the primary winding, and thus the secondary
inductance L2 is very larger than the primary induc-
tance L1 and mutual inductance M. Therefore, the in-
ductance of the secondary portion of the high voltage
transformer 3 which is actually equal to (L2 - M) as
shown in Fig. 2 can be regarded as being equal to the
secondary inductance L2 by neglecting M, and in the
following explanation, it is assumed that the induc-
tance of the secondary portion is equal to L2. Further,
assuming that the equivalent impedance of a the X-
ray tube 5 is Rx and the terminal voltage of the X-ray
tube 5 is Ex and the rectifier 4 is omitted from being
consideration since it does not relate to the terminal
voltage Ex, then the secondary inductance L2 is ser-
ially connected to the impedance Rx. If the output fre-
quency of the frequency converter 2 is fl, an impe-
dance Z2 due to the secondary inductance L2 can be
expressed by the following equation and it is under-
stood that it varies in proportion to the output frequen-
cy fl of the frequency converter 2:
22 = 2n-fl-L2 (1)

Further, the voltage Ex applied to the X-ray tube
5 is expressed as follows:

Ex = E2-Rx/(Rx + Z2) (2)

Since the turn ratio N is very large and thus the
inductance (L1 - M)/N2 can be neglected, a terminal
voltage E2 of the mutual inductance M is expressed
as follows using an output voltage E1 of the frequency
converter 2:

E2 = E1-N (3)

As is clearly understood from the equations (1)
and (2), the impedance Z2 becomes higher as the
output frequency fl of the frequency converter 2 be-
comes higher, causing a problem that the voltage Ex
applied to the X-ray tube 5 is lowered. For this reason,
the output frequency fl of the conventional frequency
converter 2 has an upper limit of approximately 10
KHz and a higher frequency exceeding the upper limit
cannot be attained. If the frequency is set to approx-
imately 10 KHz, it is difficult to greatly reduce the size
and weight of the transformer and rectifier circuit and
noise may be generated from the transformer 3. The
reason why the output frequency fl of the frequency
converter 2 can be increased only to approximately
10 KHz at most is that the secondary inductance L2
of the high voltage transformer 3 is very large.

In order to solve the above problem, it has been
proposed to modify the primary portion of the high
voltage transformer 3 as shown in Figs. 3and 4. Inthe
circuit of Fig. 3, a capacitor C1 is serially connected
to the primary winding of the high voltage transformer
3 to attain a series resonance operation on the pri-
mary portion. In the circuit of Fig. 4, a capacitor C2 is
connected in parallel with the primary winding of the
high voltage transformer 3 to attain a parallel reso-
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nance operation on the primary portion. However, in
either circuit, a voltage on the primary portion of the
high voltage transformer 3 is equivalently increased
by the series resonance or parallel resonance opera-
tion. The inductance L1 of the primary portion is orig-
inally small and the resonance voltage is low, and
therefore, in order to obtain the same voltage applied
to X-ray tube 5 as that obtained in a case wherein no
resonance circuit is connected, it is only possible to in-
crease the output frequency of the frequency conver-
ter 2 to two or three times the output frequency setin
a case wherein no resonance circuit is connected.

Further, in United State Patent No. 4,545,005
(Mudde), the secondary winding of the high voltage
transformer is divided into a plurality of sub-windings
to increase the frequency of the high voltage transfor-
mer, the sub-windings are connected to rectifier cir-
cuits are serially coupled and applied to an X-ray
tube. However, the high voltage transformer is not
divided and the high voltage transformer can be re-
garded as being a single transformer, and an output
of one frequency converter is simply connected to a
single high voltage transformer. Therefore, like the
conventional case shown in Fig. 1, it is only possible
to increase the frequency to approximately 10 KHz at
most.

Further, in United State Patent No. 4,317,039
(Romandi), plural frequency converters and plural
high voltage transformers are used, but in this con-
ventional case, the object thereof is to reduce ripples
and the object is attained by setting the phases of the
plural frequency converters different form one an-
other. Therefore, this reference does not aim to in-
crease the frequency of the transformer and disclo-
ses that the frequency lies in the medium frequency
range and amounts to approximately six to seven
KHz.

EP-A-0 286 678 discloses an X-ray tomograph,
which does not require any particular insulation
mechanism for a slip ring that works to supply electric
power to an X-ray tube and which does not cause any
increase in the weight of the rotary part. A voltage of
a commercial power source is inverted by an inverter
into an A.C. voltage of a value midway between the
voltage of the commercial power source and a high
voltage to be supplied to the X-ray tube and of a fre-
quency of 200 Hz to 2 KHz. The A.C. voltage thus in-
verted is transferred via a slip ring to the rotary part
where the A.C. voltage is boosted through step-up
tanks which comprise light weight transformers recti-
fiers and smoothing circuits. The rectified high D.C.
voltage is supplied to a X-ray tube. The step-up tank
means may consist of a plurality of a step-up circuits
for producing high D.C. voltages. In this case the sum
of these D.C. voltages is applied to the X-ray tube.

An object of the present invention is to provide an
X-ray generator apparatus in which the frequency of
a voltage from an A.C. power source is increased by
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a frequency converter, then the voltage is increased
by means of a transformer, and the increased voltage
rectified by means of a rectifier and applied to an X-
ray tube, and in which the secondary inductance (L2)
of the transformer can be reduced and as a result the
upper limit of the output frequency of the frequency
converter can be increased. Therefore the size and
weight of the transformer and rectifier can be re-
duced.

An X-ray generator apparatus according to the
present invention comprises the features of claim 1.
Advantageous embodiments of the invention are de-
fined by the subclaims.

This invention can be more fully understodd from
the following detailed description when taken in con-
junction with the accompanying drawings, in which:

Fig. 1 is a block diagram of an example of the con-

ventional x-ray generator apparatus;

Fig. 2 is an equivalent circuit diagram of the de-

vice shown in Fig. 1;

Fig. 3 is a diagram showing another example of

the conventional device;

Fig. 4 is a diagram showing still another example

of the conventional device;

Fig. 5 is a block diagram of an X-ray generator ap-

paratus;

Figs. 6A and 6B are equivalent circuits of a por-

tion ranging from the secondary winding of a high

voltage transformer to the X-ray tube in the con-
ventional device of Fig. 1 and the device of Fig.

5;

Fig. 7 is a diagram showing the characteristic of

the device of Fig. 5;

Fig. 8 is a diagram showing a first modification of

the device of Fig. 5;

Fig. 9 is a diagram showing a second modifica-

tion of the device of Fig. 5;

Fig. 10 is a diagram showing a third modification

of the device of Fig. 5;

Fig. 11 is a block diagram of an embodiment of an

X-ray generator apparatus according to the pres-

ent invention;

Fig. 12 is an equivalent circuit of a portion ranging

from the secondary winding of each high voltage

transformer to the X-ray tube in the embodiment;
and

Fig. 13 is a diagram showing the characteristic of

the embodiment.

There will now be described an embodiment of an
X-ray generator apparatus according to the present
invention with reference to the accompanying draw-
ings. Fig. 5 is a block diagram showing the construc-
tion of an X-ray generator apparatus. An A.C. power
source 11 serving as an input power source is con-
nected to the input terminal of an frequency converter
12. The frequency converter 12 increases the fre-
quency of an A.C. voltage supplied from the A.C. pow-
er source 11. High voltage transformers 134, 13,, ...
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13, are connected in parallel with one another be-
tween output terminals of the frequency converter 12.
That is, one end of the primary winding of each of the
high voltage transformers 134, 13,, ... 13, is connect-
ed to one of the output terminals of the frequency con-
verter 12 and the other end of the primary winding of
each of the high voltage transformers 13,, 13,, ... 13,
is connected to the other output terminal of the fre-
quency converter 12. The secondary windings of the
high voltage transformers 134, 13,, ... 13, are respec-
tively connected to high voltage rectifiers 144, 14,, ...
14,. The output terminals of the high voltage rectifiers
144, 14,, ... 14, are serially connected and the result
of serial addition obtained by the series connection is
applied to an X-ray tube 15. That is, the positive out-
put terminals of the high voltage rectifiers 14, is con-
nected to the anode of the X-ray tube 15, the negative
output terminals of the high voltage rectifiers 14,
14,, ... 14,4 are connected to the positive output ter-
minals of the high voltage rectifiers 14,, 145, ... 14,,
and the negative output terminal of the high voltage
rectifier 14, is connected to the cathode of the X-ray
tube 15.

In this case, the number of turns of each of the
primary windings of the high voltage transformers
134, 135, ... 13, is set to be equal to that of the primary
winding of the conventional high voltage transformer
3 shown in Fig. 1 and the number of turns of each of
the secondary windings of the high voltage transfor-
mers 134, 13,, ... 13, is set to 1/n of that of the sec-
ondary winding of the conventional high voltage
transformer 3 in order to simplify the description.

Next, the operation of this apparatus is ex-
plained. Fig. 6A is an equivalent circuit diagram of a
secondary portion (a portion from the secondary
winding to the X-ray tube with the rectifier being ne-
glected) of the conventional transformer 3 of Fig. 1.
Fig. 6B is also the equivalent circuit diagram of the
secondary portions of the transformers 134, 13,, ...
13, of the apparatus shown in Fig. 5. In general, the
number of turns of the secondary winding of each of
the high voltage transformers 3, 134, 13,, ... 13, is ex-
tremely larger than that of the primary winding there-
of, and the secondary inductance L2 is set to a large
value. Therefore, the equivalent circuit diagrams can
be expressed only by the secondary inductance L2 as
shown in Figs. 6A and 6B. The frequency converter
is generally on/off operated by the switching pulse
and outputs a pulse signal. Therefore, the voltage E2
is also expressed by a pulse.

If, in Fig. 6A, L2 / Rx = 1a, then the voltage Ex ap-
plied to the X-ray tube 5 is expressed by using the
time constant ta as follows and rises as shown by a
curve Ain Fig. 7. The reference time t = 0 with respect
to time tin Fig. 7 is a timing at which the voltage E2
starts to rise.

Ex = E2(1 - e~ V=) (4)
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That s, if it is assumed that the pulse width of the
voltage E2 is 1a, the tube voltage Ex is set to a max-
imum value (0.63 E2) at the time of t = 1a.

On the other hand, in the device of this embodi-
ment shown in Fig. 5, the number of turns of the sec-
ondary winding of each of the high voltage transfor-
mers 134, 13,, ... 13, is set to 1/n of that of the high
voltage transformer 3 in the conventional device (Fig.
1). Since the inductance of a coil varies in proportion
to the square of the number of turns, the secondary
inductance becomes L2/n2 and the secondary vol-
tage becomes E2/n in each of the high voltage trans-
formers 134, 13,, ... 13,. Further, the load of each of
the high voltage transformers 134, 13,, ... 13, is sub-
stantially the same as a value obtained by dividing the
load Rx in the conventional device by n, that is, it be-
comes Rx/n. As a result, the equivalent circuit dia-
gram of the apparatus of Fig. 5 can be expressed as
shown in Fig. 6B.

In secondary portion of each of the high voltage
transformers 134, 13,, ... 13,, the time constant tb is
expressed as follows according to the above descrip-
tion with reference to Fig. 6A:

tb = (L2/n?)/(Rx/ n)
= (L2/Rx)/n
=ta/n (5)
A voltage E3 applied to the load Rx/n is ex-
pressed as follows:
E3 = E2(1 - e-tb)/n (6)
The voltage Ex applied to the X-ray tube 15 is given

as follows by serially adding the terminal voltages E3
of the loads:
Ex = n-E3
=E2(1 - e-tb) (7)

That is, as shown by a curve B in Fig. 7, at the
time of t = 1b, the tube voltage Ex is set to 0.63 E2
which has been reached at the time of t = 7a in the
conventional device. In this case, since tb = ta/n as
shown by the equation (5), the time constant in the
device of this embodiment (Fig. 5) is set to 1/n of that
of the conventional device (Fig. 1), and therefore, it is
understood that the frequency of the transformers
134, 135, ... 13, can be increased by n times since the
same voltage is obtained if the pulse width of the out-
put of the frequency converter 12 is set to tb.

In the conventional high voltage transformer
shown in Fig. A, even if the switching pulse width of
the frequency converter 2 is simply changed from ta
to 1/n times (= tb) to increase the frequency, the peak
value of the tube voltage Ex expressed by the equa-
tion (4) becomes smaller as shown by a curve C in
Fig. 7 and the application power simply becomes
small as indicated by a hatched portion.

As described above, the high voltage transformer
is divided into a plurality (for example, n) of transfor-
mers 134, 13,, ... 13, having a small capacity (the
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number of turns of the primary winding is kept un-
changed and the number of turns of the secondary
winding is reduced to 1/n times the original value), the
primary windings of the divided transformers 13,,
13,, ... 13, are connected in parallel with one another
between the output terminals of the frequency con-
verter 12 and a voltage obtained by serially adding to-
gether the rectification results of the outputs of the
respective transformers is applied to the X-ray tube
15. Thus, the secondary inductance of each of the
transformers 13,4, 13,, ... 13, can be reduced to 1/n2
times the original value, and as a result, the upperlim-
it of the output frequency of the frequency converter
12 is increased by n times. Therefore, the apparatus
including the frequency converter 12 can be made
small and lightweight. Since the output frequency of
the frequency converter 12 can be increased up to ap-
proximately 100 KHz or to a frequency which exceeds
the audio frequency, generation of noise which is a
problem in the conventional device can be prevented.
Further, since the output control of the frequency con-
verter 12 can be effected at a higher speed as the out-
put frequency thereof increases, a high voltage ap-
plied to the X-ray tube 15 can be more precisely set
by using the feedback operation. Further, since high
voltage wave ripples become smaller as the frequen-
cy becomes higher, a flat high voltage wave can be
obtained. In addition, the rising characteristic of the
tube voltage can be improved as shown by the curve
B of Fig. 7, it becomes easy to apply a high voltage in
a pulse form to the X-ray tube 15 and generate X-rays
only at necessary timings, thereby making it possible
to reduce the amount of X-ray radiation to an object.
It is preferable to form the cores of the high voltage
transformers 13, 13,, ... 13, by using ferrite or the like
which has a good frequency characteristic in order to
attain the high operation frequency. Further, it is also
possible to serially connect the outputs of the high
voltage transformers 134, 13,, ... 13, instead of con-
necting the transformers 134, 13,, ... 13, to the re-
spective rectifiers 14, 14, ... 14, and rectify the ser-
ially coupled voltages by means of a single rectifier.
In addition, it is possible to connect resonant capaci-
tors in series or in parallel on the primary portion of
each of the high voltage transformers 134, 13,, ... 13,.
The frequency converter can change the output vol-
tage in addition to the output frequency by means of
a pulse width modulation (PWM) for changing the
pulse width of the switching pulse.

Next, modifications relating to the improvement
of the apparatus shown in Fig. 5 are explained. In the
conventional X-ray generator apparatus, the high vol-
tage transformer and high voltage rectifier are dis-
posed in a container filled with insulating oil. Since
the container is substantially entirely filled with insu-
lating oil, the volume and weight thereof become very
large. In this case, the maintenance therefor is trou-
blesome and there occurs a problem that oil leaks out
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of the container and stains the surrounding. In the ap-
paratus shown in Fig. 5, since the transformer is div-
ided into a plurality of transformers of small capaci-
ties the high voltage transformer and high voltage
rectifier are disposed in a container of small capacity
and can be molded into one unit with solid insulation
material including gel insulating material. Injection
type insulating material such as epoxy and material
such as silicone gel which is solidified but has a phys-
ical property between those of the fluid and solid can
be given as examples of the above insulating materi-
al. Since silicone gel has a good high frequency char-
acteristic, it can be preferably used as the insulating
material for the device constructed to attain a high
frequency. Each molding unit may be constructed by
a single transformer 13, and a single rectifier 14, as
shown in Fig. 8 or by a plurality of transformers 13,
to 13; and a plurality of rectifiers 14, and 14, as shown
in Fig. 9. Further, as shown in Fig. 10, only the sec-
ondary winding of the transformer 13, and the recti-
fier 14, are molded and it is not always necessary to
mold the primary winding of the transformer. Al-
though not shown in the drawing, the high voltage
transformer and the rectifier may be separately mold-
ed and they are connected by connectors or cables.
Thus, various combinations of the molds can be se-
lectively made.

Unlike the conventional device in which a large-
high voltage transformer and rectifier are disposed in
one container, use of the above molded units makes
it unnecessary to fill insulating oil into an unneces-
sary space, so that a small and lightweight X-ray gen-
erator apparatus can be realized which can be easily
assembled by combining the units and in which re-
placement can be effected for each molded unit to at-
tain easy maintenance. Further, since the dielectric
breakdown voltage of solid insulating material is high-
er than that of insulating oil, a high insulation efficien-
¢y can be attained and the size and weight can be
easily reduced. The small and lightweight X-ray gen-
erator apparatus requires only a small installation
space in a hospital or the like and can be easily trans-
ported.

Next, an embodiment of the present invention, is
explained. Fig. 11 is a block diagram of the second
embodiment. Portions which are the same as those
of the apparatus of Fig. 5 are denoted by the same ref-
erence numerals and the detail description thereof is
omitted. In the apparatus of Fig. 5, only one frequen-
cy converter 12 is provided, butin the second embodi-
ment an frequency converter is also divided into n fre-
quency converters like a transformer. Inverters 12,
12, ... 12, which are connected in parallel with one an-
other are connected to the A.C. power source 11. Out-
puts of the frequency converters 124, 12,, ... 12, are
supplied to rectifiers 144, 14, ... 14, via high voltage
transformers 13, 13,, ... 13,. Capacitors Cr are re-
spectively connected in series with the secondary
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windings of the high voltage transformers 134, 13,, ...
13, to constitute series resonant circuits on the sec-
ondary portion of the transformers.

Also, in this embodiment, the same effect as that
of the apparatus of Fig. 5 can be obtained. Further, in
a case where a part of the frequency converters 12,
12,, ... 12, is set into the rest or nonoperative state
outputs of those of the high voltage transformers 13,
13,, ... 13, which are connected to the remaining fre-
quency converters are bypassed the high voltage
transformers which are connected to the frequency
converters set in the rest state and applied to the X-
ray tube 15. Therefore, the tube voltage can be rough-
ly controlled by controlling the number of frequency
converters which are set in the rest state. Moreover,
if the frequency converters are PWM-controlled, the
tube voltage can be precisely controlled.

Further, according to the embodiment of the pres-
ent invention, since a number of frequency conver-
ters are used, even if a part of the frequency conver-
ters becomes defective, the defective frequency con-
verters are set into the rest state and other frequency
converters which are otherwise set in the rest or non-
operative state can be used instead of the defective
frequency converters. Therefore, it becomes possible
to prevent the whole X-ray generator apparatus from
being set into the inoperative state. The maximum
output is lowered by an amount corresponding to the
number of defective frequency converters, but it is
seldom to use the maximum output and the device
can be used without receiving practical interference
while the defective frequency converter is being re-
placed.

The resonance capacitor Cg is connected to the
secondary winding of each of the high voltage trans-
formers 134, 13,, ... 13, to cause an LC series reso-
nance so as to prevent the voltage applied to the X-
ray tube 15 from being lowered and to further in-
crease the frequency of the frequency converters.

Next, the characteristic of the embodiment of the
presentinvention is explained. An equivalent circuit of
the secondary portion of one of the high voltage
transformers 13 is shown in Fig. 12. Since the fre-
quency converter 12 effects a switching operation for
the rectangular wave, the secondary voltage E2 takes
a rectangular waveform in the apparatus shown in
Fig. 6A, but takes substantially a sine waveform in the
embodiment of the present invention, in which the
secondary portion is set in the resonant condition. As-
suming that the frequency of the sine wave is f and ©
= 2 r f, and if the capacitance of the capacitor Cy is
so determined as to set up the conditionof ® L2 =1 /»
Cr at the frequency f according to the general theory
of series resonance, then the impedance on the sec-
ondary portion becomes only Rx. Therefore, even if
the frequency f is set at a high frequency, influence
of the secondary inductance L2 to the tube voltage Ex
can be neglected as shown in Fig. 12. However, vol-
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tages across L2 and Cg in Fig. 12 have inverted phas-
es and cancel each other butE,. =E2 - ® L2/ Rx and
Ec = E2 / (0 Cr - Rx) are obtained, and in general,
they becomes relatively larger than E2. Therefore, in
the conventional device shown in Fig. 6A, resonance
cannot be attained on the secondary portion when
the dielectric voltage of the transformer and capacitor
and the insulating measure are taken into considera-
tion.

However, in the present invention, since the high
voltage transformer is divided into n portions, E2 and
L2 in the respective resonant circuits can be reduced
to E2/nand L2/ nZ as shown in Fig. 6B as in the ap-
paratus of Fig. 5. In particular, L2 varies inversely with
the square of the dividing number n, it becomes ex-
tremely small. In this way, since the voltages E, and
Ec across L2 and Cg can be suppressed to small val-
ues, the advantage of the resonance on the second-
ary portion of the transformer can be effectively used.

As described above, in a case where only the
high voltage transformer is divided as in the appara-
tus of Fig. 5, the secondary inductance L2 becomes
smaller, making it possible to attain a high frequency
operation. However, in a case where the resonance
circuit is formed on the secondary portion of the
transformer as in the second embodiment, influence
by the secondary inductance L2 can be completely
neglected, making it possible to attain a higher fre-
quency operation. Alternatively, in a case where the
device is operated at the same frequency as that ob-
tained where no resonance circuit is formed on the
secondary portion, the dividing number can be re-
duced within the permissible range of the breakdown
voltage of the transformer and the capacitor. Since
the primary voltage becomes a sine wave due to the
resonance circuit in the secondary portion, it is pos-
sible to turn on or turn off switching transistors in the
frequency converters at the time of the current does
not flow therethrough. Therefore, the heat radiation of
the apparatus can be suppressed, thereby increasing
the efficiency of the apparatus. The secondary reso-
nance is not limited to the series resonance described
above but may be a parallel resonance attained by
connecting a capacitor in parallel with the secondary
winding of the high voltage transformer.

Fig. 13 shows the characteristic of the voltage ap-
plied to the X-ray tube 15 obtained when the second-
ary portion is set in the resonant mode. In Fig. 13, sol-
id lines indicate Ex, and curves A and B among them
respectively indicate the case of the conventional de-
vice and the case wherein the transformer is divided
into n portions like the curves A and B of Fig. 7, and
a curve D indicates a characteristic obtained when
the high voltage transformer is divided and the sec-
ondary portion is set in the resonant mode.

According to the embodiment of the present in-
vention, the raising characteristic of the curves A and
B which is suppressed by the secondary inductance
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of the transformer is improved by means of the reso-
nance as indicated by the curve D. Therefore, a high-
er frequency operation can be attained, and the vol-
tage applied to the X-ray tube can be further in-
creased. Fig. 13, frindicates the resonant frequency.
Further, broken line curves indicate the voltages ob-
tained by multiplying the terminal voltages E, and E¢
of the secondary inductance L2 and the capacitor Cg
with the dividing number n.

As described above, the operation frequency can
be further enhanced and the dividing number can be
reduced by use of the secondary resonance in com-
parison with a case wherein the high voltage transfor-
mer is simply divided.

Further, the modifications explained with refer-
ence to the first embodiment can also be applied in
the embodiment of the present invention, and like the
apparatus of Fig. 5, the transformers and rectifiers
can be selectively molded into respective units with
solid insulation material. It is not necessary to respec-
tively connect the transformers to the frequency con-
verters. It is possible to connect several transformers
to a single frequency converter.

As described above, the output frequency of the
frequency converter can be increased by dividing the
transformer for increasing an output A.C. voltage of
the frequency converter which increases the frequen-
cy of an A.C. voltage into a plurality of transformers
of small capacity in which the number of turns of the
secondary winding is smaller than that of the original
transformer, adding outputs of the transformers to-
gether, and applying the result of addition to the X-ray
tube. As a result, the apparatus can be made small
and lightweight, the control speed of the voltage can
be enhanced if the frequency is increased, and the
output voltage can be precisely controlled by feeding
back the output. Further, the assembling and mainte-
nance can be simplified by molding the divided trans-
formers and the rectifiers into respective units with
solid insulating material (including gel insulating ma-
terial). In addition, ripple components included in the
output voltage can be easily suppressed and stabil-
ized by the high frequency operation and the X-rays
can be easily generated in a pulse form. When the fre-
quency is increased, the frequency of the switching
pulse of the frequency so that noise can be prevented
from being generated. Further, if a plurality of trans-
formers are respectively connected to a plurality of
frequency converters, each frequency converter can
be easily and independently controlled so that the
precision of generation of the X-rays can be en-
hanced, and even if one or some frequency conver-
ters become defective, the apparatus can be contin-
uously operated by using the remaining frequency
converters. The frequency is further increased by
connecting the capacitor to the secondary winding of
the transformer to form an LC resonance circuit and
effect the resonance operation.
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Claims

1. An X-ray generator apparatus connected to an
A.C. power source and serving for applying a
D.C. voltage to an X-ray tube, comprising:

frequency converting means (12) con-
nected to said A.C. power source, for receiving an
A.C. voltage from said A.C. power source and in-
creasing the frequency of an input A.C. voltage;

a plurality of transformer means (134,
13,, ... 13,) connected in parallel to an output of
said frequency converting means (12), for receiv-
ing an output voltage of said frequency convert-
ing means (12) and increasing the input voltage;
and

rectifier means (144, 14,, ... 14,) rectifying
the outputs of said plurality of transformer means
(134, 13,, ... 13,) and applying a D.C. voltage cor-
responding to the sum of the outputs of said
transformer means to said X-ray tube, character-
ized in that

said plurality of transformer means re-
spectively include resonance capacitors (Cg)
connected to a secondary winding of a corre-
sponding one of said transformer means.

2. Anapparatus according to claim 1, characterized

in that

said frequency converting means com-
prises a plurality of frequency converting means
(124, 12,,...12,) connected in parallel to said A.C.
power source, for receiving an A.C. voltage from
said A.C. power source and increasing the fre-
quency of an input A.C. voltage; and

said plurality of transformer means (134,
13,,...13,) are connected to outputs of plurality of
frequency converting means (124, 12,,...12,).

3. An apparatus according to claim 1 or 2, charac-
terized in that said rectifier means includes a
plurality of rectifiers (144, 14,,...14,) respectively
connected to output terminals of said plurality of
transformer means (134, 13,,...13,).

4. An apparatus according to any of claims 1 to 3,
characterized in that at least a secondary winding
of said plurality of transformer means and said
rectifier means are molded with solid or gel insu-
lating material.

5. Anapparatus according to claim 3, characterized
in that combinations of at least secondary wind-
ings of said plurality of transformer means and
said plurality of rectifiers are molded one or a pre-
set number at a time with solid or gel insulating
material.

6. An apparatus according to any of claims 1 to 5,
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characterized in that each of said plurality of
transformer means includes a primary winding,
secondary winding and cores on which the pri-
mary and secondary windings are wound, and
said cores are formed or ferrite.

An apparatus according to any of claims 1 to 6,
characterized in that said frequency converting
means includes means for controlling a pulse
width or pulse interval of switching pulses applied
to a switching transistor included in a frequency
converting means in order to control the output
voltage of the frequency converting means.

An apparatus according to claim 2, characterized
in that said plurality of transformer means are re-
spectively connected to said plurality of frequen-
cy converting means.

Patentanspriiche

1.

Apparat zum Erzeugen von Réntgenstrahlen, der
mit einer Wechselspannungsquelle verbunden ist
und zum Anlegen einer Gleichspannung an eine
Réntgenrdhre dient, mit

einer Frequenzkonvertereinrichtung (12),
die mit der Wechselspannungsquelle verbunden
ist, zum Empfangen einer Wechselspannung aus
der Wechselspannungsquelle und zum Erhdhen
der Frequenz der Eingangswechselspannung;

einer Vielzahl von Transformatoreinrich-
tungen (134, 13,, ... 13,), die parallel mit einem
Ausgang der Frequenzkonvertereinrichtung (12)
verbunden sind, zum Empfangen der Ausgangs-
spannung der Frequenzkonvertereinrichtung
(12) und zum Erhd&hen der Eingangsspannung;
und

Gleichrichtereinrichtungen (144, 14, ...
14,), die die Ausgangssignale der Vielzahl von
Transformatoreinrichtungen (134, 13,, ... 13,)
gleichrichten und eine der Summe der Ausgangs-
signale der Transformatoreinrichtungen entspre-
chende Gleichspannung an die Rontgenr&hre an-
legen,

dadurch gekennzeichnet, daf®

die Vielzahl von Transformatoreinrichtun-
gen jeweils Resonanzkondensatoren (CR) auf-
weist, die jeweils mit einer Sekundarwicklung ei-
ner entsprechenden Transformatoreinrichtung
verbunden sind.

Apparat nach Anspruch 1, dadurch gekenn-
zeichnet, dail

die Frequenzkonvertereinrichtung eine
Vielzahl von parallel mit der Wechselspannungs-
quelle verbundenen Frequenzkonvertereinrich-
tungen (124, 12,, ... 12,) umfaldt, zum Empfangen
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einer Wechselspannung aus der Wechselspan-
nungsquelle und zum Erhéhen der Frequenz der
Eingangswechselspannung, und

die Vielzahl von Transformatoreinrichtun-
gen (134, 135, ... 13,) mit den Ausgéngen der Viel-
zahl von Frequenzkonvertereinrichtungen (12,
12,, ... 12,) verbunden ist.

Apparat nach Anspruch 1 oder 2, dadurch ge-
kennzeichnet, daR die Gleichrichtereinrichtung
eine Vielzahl von Gleichrichtern (144, 14,, ... 14,)
aufweist, die jeweils mit Ausgangsanschliissen
der Vielzahl von Transformatoreinrichtungen
(134, 13,, ... 13,) verbunden sind.

Apparat nach einem der Anspriiche 1 bis 3, da-
durch gekennzeichnet, dal

mindestens eine Sekunddrwicklung der
Vielzahl von Transformatoreinrichtungen und die
Gleichrichtereinrichtung in festes oder Gel-Iso-
liermaterial eingeformt sind.

Apparat nach Anspruch 3, dadurch gekenn-
zeichnet, dail

Kombinationen von mindestens Sekun-
dérwicklungen der Vielzahl von Transformator-
einrichtungen und der Vielzahl von Gleichrich-
tern einzeln oder in vorbestimmter Anzahl gleich-
zeitig in festes oder Gel-Isoliermaterial einge-
formt sind.

Apparat nach einem der Anspriiche 1 bis 5, da-
durch gekennzeichnet, dal

jede der Vielzahl von Transformatorein-
richtungen eine Primdrwicklung, eine Sekundéar-
wicklung und Kerne aufweist, auf welche die Pri-
mar- und die Sekundarwicklung gewickelt sind,
wobei die Kerne aus Ferrit gebildet sind.

Apparat nach einem der Anspriiche 1 bis 6, da-
durch gekennzeichnet, dal

die Frequenzkonvertereinrichtung Mittel
zum Steuern der Impulsbreite oder des Impulsin-
tervalls von an einen Schalttransistor angelegten
Schaltimpulsen aufweist, zum Steuern der Aus-
gangsspannung der Frequenzkonvertereinrich-
tung, wobei der Schalttransistor in der Frequenz-
konvertereinrichtung enthalten ist.

Apparat nach Anspruch 2, dadurch gekenn-
zeichnet, dail

die Vielzahl von Transformatoreinrichtun-
gen jeweils mit der Vielzahl von Frequenzkonver-
tereinrichtungen verbunden ist.
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Revendications

Appareil générateur de rayons X connecté a une
source d’alimentation électrique en courant alter-
natif et servant a appliquer une tension continue
a un tube a rayons X, comprenant:

un moyen (12) de conversion de fréquen-
ce, connecté a ladite source d’alimentation élec-
trigue en courant alternatif et destiné a recevoir
une tension alternative de la part de ladite source
d’alimentation électrique en courant alternatif et
a augmenter la fréquence d’'une tension alterna-
tive d’entrée;

une pluralité de moyens transformateurs
(134, 135, ... 13,) connectés en paralléle a une
sortie dudit moyen de conversion de fréquence
(12) et destinés a recevoir une tension de sortie
dudit moyen de conversion de fréquence (12) et
a augmenter la tension d’entrée ; et

un moyen redresseur (14, 14,, ... 14,) qui
redresse les signaux de sortie de ladite pluralité
de moyens transformateurs (134, 13,, ... 13,) et
applique audit tube a rayons X une tension conti-
nue correspondant a la somme des signaux de
sortie desdits moyens transformateurs,

caractérisé en ce que lesdits moyens
transformateurs comportent respectivement des
condensateurs de résonance (Cgr) qui sont cha-
cun connectés a un enroulement secondaire de
I'un, correspondant, desdits moyens transforma-
teurs.

Appareil selon la revendication 1, caractérisé en
ce que:

ledit moyen de conversion de fréquence
comprend une pluralité de moyens de conversion
de fréquence (12,, 12,, ... 12,) connectés en pa-
ralléle 4 ladite source d’alimentation en courant
alternatif et destinés a recevoir une tension alter-
native de la part de ladite source d’alimentation
électrique en courant alternatif et &4 augmenter la
fréquence d’une tension alternative d’entrée ; et

lesdits moyens transformateurs (13,4, 13,,
13,) sont connectés aux sorties de la pluralité de
moyens de conversion de fréquence (124, 12,,...
12,).

Appareil selon la revendication 1 ou 2, caractéri-
sé en ce que ledit moyen redresseur comporte
une pluralité de redresseurs (14, 145, ... 14,) res-
pectivement connectés aux bornes de sortie de
ladite pluralité de moyens transformateurs (13,4,
135, 13,).

Appareil selon 'une quelconque des revendica-
tions 1 a 3, caractérisé en ce qu'au moins un en-
roulement secondaire desdits moyens transfor-
mateurs et ledit moyen redresseur sont moulés a
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I'aide d’'un matériau isolant solide ou sous forme
de gel.

Appareil selon la revendication 3, caractérisé en
ce que des combinaisons comprenant au moins
les enroulements secondaires desdits moyens
transformateurs et lesdits redresseurs sont mou-
Iés ensemble en un seul moulage ou en un nom-
bre prédéterminé de moulages a I'aide d’'un ma-
tériau isolant solide ou sous forme de gel.

Appareil selon 'une quelconque des revendica-
tions 1 a 5, caractérisé en ce que chacun desdits
moyens transformateurs comporte un enroule-
ment primaire, un enroulement secondaire et des
noyaux sur lesquels lesdits enroulements primai-
re et secondaire sont bobinés, et lesdits noyaux
sont formés de ferrite.

Appareil selon 'une quelconque des revendica-
tions 1 a 6, caractérisé en ce que ledit moyen de
conversion de fréquence comporte un moyen
servant 8 commander la largeur d’impulsion, ou
I'intervalle d’impulsion, d’impulsions de commu-
tation qui sont appliquées & un transistor de
commutation inclus dans un moyen de conver-
sion de fréquence afin de commander la tension
de sortie du moyen de conversion de fréquence.

Appareil selon la revendication 2, caractérisé en
ce que lesdits moyens transformateurs sont res-
pectivement connectés auxdits moyens de
conversion de fréquence.
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