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3 Claims.

This invention relates to a high-voltage device
for supplying X-ray apparatus or similar appa-
ratus operating with high direct voltage.

The standard practice is to produce the direct
voltage by transforming alternating voltage with
the use of rectifiers. With devices required to
supply high load currents, the high direct voltage
is obtained by full wave rectification of the al-
ternating voltage supplied from a star-connected
three-phase transformer, each phase being con-
nected via a rectifier to each of the two high-
voltage terminals. The current load is connected
across these high-voltage terminals.

The star-point of the transformer is generally
connected to earth potential and in this case the
voltage at each supply terminal varies between
Emax and 0.5 Emax in relation to earth, if Fmax
indicates the highest value of the voltage which
is supplied from each of the transformer wind-
ings. The direct voltage produced has a maxi-~

mum value equal t0 /3 Emex and a minimum
value 1.5 Emax 5o that a low voltage variation
occurs. This voltage variation, which per se is
not inconvenient, is found in practice to be con~
siderably higher due to the fact that distortions
of the voltage characteristic curve result from
abstraction of current. Instead of the minimum
relationship

minimum value 1.5
= Y 2(), 87
maximum value 1.72

relationships up to 0.65 occur in practice ang
this most adversely affects the ray output of the
X-ray tube. - According to the invention, these
unwanted high-~voltage variations can be avoided,
with a device of the kind described above, by
connecting a series combination of an ohmic
resistor and a capacity to the high-voltage ter-
minals.

In order that the invention may be meore
clearly understood and readily carried into effect,
a device according to the invention will now be
described more fully with reference to the accom-
panying drawing, which illustrates improvements
of the device and in which:

Fig. 1 shows the circuit diagram of a high-
voltage device according to the invention,

Figs. 2, 3, 4 and 5 show several voltage dia-
grams,

Fig. 6 relates to the star-point circuit-arrange-
‘ment of the high-voltage transformer for meas-
uring the operating current.

Referring now to Fig. 1, each phase of the star-
connected three-phase high-voltage transformer
is connected via two oppositely arranged recti-
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flers 4—5, §—7, 8—8 to each of the terminals
1 and 12 in a manner such that electrodes of
like nature of the rectifiers are connected to the
same terminal. The load 18 is connected across
the terminals 11 and 2. The star point 13 is
connected to earth potential via a choke 18, the
voltages between the positive terminal 12 and
earth and those between the negative terminal
I1 and earth varying between the full phase
voltage and half the phase voltage. Fig. 2 in
which the termina]l voltage is plotted as g func-
tion of time, shows that if the voltage at one
terminal is g maximum the voltage at the other
ferminal is half as high. If the voltages were
to increase and decrease regularly, the voltage

across the terminals would vary between V3
and 1.5 times the maximum phase voltage. It
is known that when the transformer supblies
current, ‘distortion of the voltage curve occurs
under the influence of the leakage fields of the
transformer windings. Observations made with
the use of the oscillograph reveal that in addi-
tion upon bassage of current from one phase to
another a damped oscillation cecurs. This oseil-
lation is attributed to the leakage fields and the
presence of capacities, On connection of an
X-ray apparatus {3 to the device capacities of
this kind are formed by the high-voltage cables
which connect the X-ray tube to the terminals
of the high-voltage device, In Fig. 1 these cable
capacities are represented by capacitors 14 and §5.

Fig. 3 shows the variation of the direct voltage
across the high-voltage terminals under the in-
fluence of the above-mentioned phenomena, The
damped oscillation produced may have different
frequencies which depend on the value of the ex-
ternal capacity and hence in the case of X-ray
apparatus essentially on the cable length. The
total voltage consequently varies with the cable
length. It is also found that the highest voltage
variation occurring across the high-voltage ter-
minals is higher than may be deduced from
Fig. 2.

According to the Invention, a series conthina-
tion of the capacitors 16 and a resistor {7 is con-
nected ‘across the high-voltage terminals (| and
12. It has been suggested before to connect in
parallel capacitors for suppressing the voltage
variations across the terminals but this has g
limitation in that on the device being connescted
into circuit a starting phenomenon occurs which
brings about a powerful voltage peak. The var-
iation of the terminal voltage then oceurring is
illustrated in Fig. 4. The addition of the resistor
I7 to the series combination exercises a highly



2,676,286

3

favourable influence on the voltage variation.
A proper choice of the ohmic resistor and of the
capacity provides & potential variation as shown
in the oseillogram of Fig. 5. The most suitable
values are 50,600 ohms for the resistor and
6.015 uf. for the capacity.

It was slready observed hereinbefore that upon
connection of the star point of the transformer to
earth the voltage of the high-voltage terminals
in relation to earth varies congiderably. In order
to mitigate this disadvantage the star point may
be decoupled so that its potential is allowed to
be adiusted freely. This results in that the in-
sulation of the parts at high voltage is loaded
less intensely. So long as merely current is taken
from. across the high-voltage terminals an alter-
nating voltage of three-fold frequency, whiclhi is
low as compared with the direct voltage, will
oceur. If however, & supplementary current
starts to flow due to & disturbance at one of the
terminals, for exaraple consequent upon the
breakdown of one of the cables or upon a break-
down in the tube sheath, the fuil voltage is ap-
piied between the other high-voltage terminal
and the grounded parts, with the result that the
potential of the star point rises up to half the
hizgh voltage. This impairs the insulation of the
entire device and the measure can therefore nov
e adopted.

The use of the invention permits of this diffi-
culty being chviated. For this purpose the star
point of the high-voliage transformer is con-
nected via the choke {8 of suitable value to an
earthed point of the series combination with re-
speeb to which resistor and capacities which con-
neet this point to each of the high voltage
terminals are symmetrical. The series combina-
tion comprises the resistor 47 and the twe capaci-
tors 46. The resistor IT is earthed in its mid-
point, the potential of which hag conseguently
a fixed value and the presence of the choke 18
enables the potential of the star point to vary
without obstruction. The star point alternating
voltage is applied to the choke i8. The frequency
of tnis voltage is three times the mains fre-
quenecy and its maxinum value is about- Vs of the
direct volvage supplied. It is thus ensured that
the direct voltage is distributed symmetrically
about the high-voltage terminals, each terminal
having half the voltage in relation to earth.

T for some reason & momentary short-circuit
ig formed, for example consequent upon break-
down of one of the high-voltage terminals against
earth, the increase of the star point voltage is
delayed by the choke to such an extent, that the
voltage peak oceurring is not detrimental. Since
however, the choke constitutes a short-circuit
for the direct-current component of the short-
cireuit current it is possible to cause this eurrent
to energise a relay by which the apparatus is
disconnected. The operating winding of such a
relay may he connected in series with the choke.

wWith X-ray apparatus the load current is gen~
erally measured with the uge of a measuring in-
strument which is arranged in the switch desk
which is slightly spaced apart from the device.
it is therefore necessary to provide for the cir-
cuit leading to the measuring instrument to be
earthed. - For this purpose it is the standard prac-
tice to rectify and measure the current of one or
more of the phases leading to the star point.
Tig. 6 shows a circuit-arrangement for measur-
ing the rectified star point current, the measur-
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ing instrument 29 heing connected to earth po-
tential and the star point being connected to earth
via cholzes {8 and {9. The currents in the phases
{, 2 and 3 are rectified Ly the rectifiers 26—21,
2223, 26—25 which connect each phage in an
identical sense to the end of each of the chokes.
The two choke windings are connected in series
and arranged on the same iron core. The con-
nection between the chokes includes the measur-
ing instrument 2§ a terminal of which is con-
nected to earth potential. As far as the load
current is concerned the two windings are con-
nected in series so that the inductances balance
each other. In relation to the star point alter-
nating current the colls are connected in parallel,
One half wave of this curreni passes through
coil 18 and the other half wave througnh coil 19.
Both coils are seated on the same core so that the
effect as a choke is not changed thereby.

What I claim is:

1. A high-voltage power supply comprising a
three-phase transformer having three windings,
a pair of ouiput terminals, a first set of three
rectifiers each connecting one end of a respective
winding to one of said terminals, a. second set of
three rectifiers each connecting said one end of a
respective winding 1o the other of said terminals,
2 choke coupling the other ends of the windings
of said transformer to a point of ground potential,
and a resistance-capacitance series network con-
nected across said oubtpub terminals, the point of
electrical symmetry of sald network being con-
nected to said poing of ground potential.

2. A high-voltage power supply comprising a
star connected three-phase transformer having
three windings, a pair of output terminals, a first
set of three rectifiers each connecting a respective
winding to one of said terminals, a second seb
of three rectifiers each connecting a respective
winding to the other of said terminals, a choke
connecting sald star connection to a point of
ground potential, & resistance capacitance series
network connected across sald output terminals,
the point of electrical symmetry of said network
being connected to said point of ground potential.

3. A high-voltage power supply comprising a
three-phase transformer having three windings,
a pair of output terminals, a first set of three
rectifiers each connecting one end of a respective
winding to one of said terminals, a second set of
three rectifiers each connecting said one end of
a respective winding to the other of said termi-
nals, first and second chokes, a third set of rec-
tifiers each connecting the other end of a respec-
tive winding through said first choke to a point
of ground potential, a fourth set of rectifiers-eacn
connecting in a direction opposing said third set,
the other end of & respective winding through
said second choke to said point of ground po-
tential, said first and second chokes being consti-
tuted by two coils wound cn a common iron core,
and a current indicator interposed between said
point of ground potential and said second choke.
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