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This invention relates to improvements in
high tension circuits especially used in con-
nection with X-ray apparatus, and has par-
Eicular reference to a protective device there-

s for.

It is known to protect operators of X-ray
apparatus and patients being treated there-
with against injuries which may be caused
by touching wires under high tension, by

10 providing circuit breakers within the circuit
of the high tension transformers which are
actuated by phenomena caused within the
circuits under high tension by the touching
thereof. Such arrangements, however, are
often too late in their operation, since all
of these breakers operate with a certain re-
tardation. b

An object of the present invention is to
avoid the great disadvantage of the above
mentioned arrangement,

In its preferred embodiment the discharge
gap or the primary winding of a trans-
former, in the secondary winding of which
the discharge gap is mounted, is bridged
over the primary winding of the high ten-
sion transformer in such a way that the
current is disconnected - from the latter
through the operation of the discharge gap.
This causes the disappearance of the hig
tension. In the operation of this system
the dangerous high tension is eliminated at
the same moment that there is a disturb-
ance of the potential equilibrium caused by
touching the wires of a high tension sys-
tem, or which is better yet, the high tension
is suppressed through the operation of this
system caused by the electric spark which
occurs immediately before the touching of
such a system. The short circuit which is
thus caused breaks the circuit immediately
afterwards, but this feature is only for the
purpose of protecting the power circuit.

In the drawings— _

Figures 1 and 2 diagrammatically repre-
sent different circuits for carrying out the
present invention. ~ ,

In Figure 1, s is the high tension winding
of the transformer ¢ as applied, for instance,
to X-ray apparatus. High tension conduc-
tors lead from the terminals of the winding
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s into the operating room and pass through
insulating tubes d* and 42 in the wall of such
room. Each of these tubes ¢* and d? is pro-
vided with a metallic coating f* or f2, so that
condensers are formed each of whose di-
electrics is composed of the respective insu-
lating tube and the air space between the
~latter and the high tension conductor, the
'plates of the condensers being formed, on
the one hand, of the high tension conduits,
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and on the other, of the associated metal

coating f* or f2. A conductor leads from
each of the plates f* and f? to the discharge
gap f. Each flange is connected to one end
of the discharging gap f which may be of
any suitable type wherein the-electrodes of
the discharging gap are constituted by ma-
terial such that the electrical discharges oc-
curring upon excessive potentials cause a
short circuit, or an arc discharge. The two
electrodés are also connected to the ends of
the primary winding p of the high tension
transformer ¢ so -that, in comparison with
the parts of the X-ray apparatus which
carry high tension current, said electrodes
are at a potential that is practically equal
to the earth potential.

If, through inadvertence or any other un-
foreseen cause occurring during the opera-
tion of the apparatus, a grounding of one
of the two high tension lines should take
place (across an ohmic resistance or by
means of a spark occurring between the
earth and the line) or if the high tension
‘line, during the operation of the apparatus,
-should come.in contact v%ith a body of con-
siderable capacity which’ is insulated from
the earth, the distribution of potential in
the high tension circuit changes materially
with the result that considerable potentials
occur at points of the high tension circuit,
and at the discharge gap f, between which
‘no potential or only a low potential previ-
ously existed, so that the discharge gap /
is actuated. This discharge, however, short
circuits the primary winding p of transfor-
mer £, Consequently the line potential is
cut off and therefore the high tension wind-
ing s is currentless; or, at least, the potential
falls to such a value that it is no longer
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dangerous. It is thus seen that by the em-
ployment of a discharge gap as a short cir-
cuiting means, the operation is an instan-
taneous one, in contrast with mechanical cir-
cuit breakers whose operation is retarded
because of the inertia of the parts and re-
quires an appreciable period of time to be
effected. .

The discharging circuit may also be ar-
ranged within another line circuit such as
an auxiliary winding, the short circuiting
of which causes the discontinuance of the
high tension. Instead of a single discharge
gap, several may be employed. In any case,
however, they are to be so inserted that
they are able to indicate potential differences
which are effective during defective opera-
tion of the installation.

In contra-distinction to the known ar-
rangements, the present invention is effec-
tive when the circuits under high tension
are touched, even before these lines or wires
or parts are subjected to high tension and
this touching still exists at the moment of
the high tension connection.

It has proved to be advantageous not to
employ the discharge gap or line to operate
as short circuit-breaker as indicating means
for the shift of potential, but to assign this
function to a special discharge circuit caus-
ing the discharge in the short circuiting dis-
charge line. In thus disencumbering the
main discharge line, it may be so designed
that its short circuiting effect is as efficient
and as nearly perfect as possible at the in-
ception of the discharge.

The discharge circuit which is sensitive to
potential shifts is suitably connected with one
terminal to a point of the high tension cir-
cuit which during normal operation has a
certain earth potential, such as, for instance,
the center of the high tension winding or
aay other artificial zero point such as the
center of an ohmic resistance bridged over
the high tension terminals, whereas the oth-
er terminal may be connected to the ground
or to a point of the transformer low tension
winding; in other words, to a point the po-
tential of which is not materially altered
during disturbances of the potential equilib-
rium in the high tension circuit.

The problem to operate the short circuit-
ing discharge circuit when and only when
the auxiliary or indicating discharge circuit
is operated, may be solved in such a way
that the auxiliary discharge circuit is pro-
vided with a certain capacity which dis-
charges itself upon over-bridging of the in-
dicating circuit into the short-circuiting dis-
charge circuit.

It is essential for the satisfactory func-
tioning of the present device that, in accord-
ance with the above mentioned features, the
short-circuiting discharge cireuit is connect-
ed to the high tension circuit in such a man-
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ner that it operates only with potential
shifts occurring in the high tension circuit.

This requirement is essential because if,
for instance, it were possible to also energize
the discharge circuit by means of high fre-
quency oscillations generated by the spark
caused immediately before the touching1 of
parts of an oscillatory circuit connected to
the discharge circuit, the device would op-
erate continuously, inasmuch as it were cou-
pled to X-ray apparatus with rotating high
tension rectifier or with any other device or
arrangement containing a spark circuit.

In such cases in which there is danger of
influencing the discharge circuit by means
of eventually generated sparks, it is advan-
tageous to take other special precautions in
order to avoid harmful electrical oscillations
or to prevent their impression upon the dis-
charge circuit. This is best effected by
means of a choke coil inserted immediately
in front of the discharge gap. Also, appara-
tus may be connected with the choke coil
which affords the conductors a convenient
equalization path in front of said coil.

Figure 2 represents such an arrangement.
The terminals of high tension winding &
are bridged over by any kind of device
adapted to create an artificial zero point, as
for example, by means of two or more series-
connected condensers ¢', ¢>. The low ten-
sion winding p’’ is connected to the spark
circuit 7%, the electrodes of which are formed
by the two copper blocks &', k*. A thin
metal foil m is placed between these blocks
and is covered on the one side with a thin
insulating layer such as paper, for instance.
The metal foil m is connected over a choke
coil ¢ with a midpoint of condensers ¢*, ¢?,
in other words, with a point of earth po-
tential. The drawing does not show special
condensers parallel to the two spark gaps
which are formed by the metal foils and
the copper blocks, since the capacity of the
electrodes is sufficient to the attainment of
the desired results. :

If now, through any possible cause a po-
tential shift occurs in the high tension cir-
cuit, the center of the condenser battery
takes a corresponding potential with respect
to the ground. Ome of the two spark cir-
cuits formed by the metal foil and copper
block %%, or &%, respectively, is put into op-
eration, the metal foil fuses or evaporates
and thus causes an arc discharge between
the copper blocks & and %*’, thereby short
circuiting the primary winding of the high
tension transformer. Any other spark oc-
curring in the high tension circuit or be-
tween parts included in the high tension cir-
cuit does not suffice to operate the discharge
circuit &, k*’, even if it is capable of gen-
erating strong electric oscillation for these
oscillations would take the line of least re-
sistance for them which leads over the con-
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denser battery, and they would not take the
detour leading to the discharge circuit which
is obstructed for them by the choke coil d.
If the capacity of ¢ and ¢* is suitably
s dimensioned, the choke coil ¢ may, in many .
cases, be dispensed with. ' It is also pos-
sible to use discharge circuits or spaces con-
taining easily ionizable gases.
What is claimed is: :
10 1. A protective device for X-ray appa-
ratus comprising a transformer having a
~ primary and a secondary winding, electrodes
connected to the terminals of the primary
winding and forming a spark gap across
15 such ‘winding, leads connected -to the ter-
minals of the secondary winding, and ca-
‘pacitive couplings between said leads and
the spark gap circuit of said primary wind- .

ing. .
" g0 n% A protective device for X-ray appa-
' ratus comprising a ‘transformer havin,% a
primary and a secondary winding, elec- .
trodes connected to the terminals of the pri-
mary winding and forming a spark gap
25 across such winding, two condensers con-
nected to the terminals of the secondary
winding, a thin foil terminal located in said
spark gap, and a choke coil connected  in
series through one terminal to said thin
30 foil terminal, the other terminal of said
coil being connected midway between said
condensers. o
8. A safety device for high tension sys-
- tems comprising a transformer the primary
s winding of which is connected through reg-
ulating devices to the main supply circuit
and the secondary of which is connected to
the high tension system, a spark gap com-
prising three electrodes, a connection from
«0 One electrode to one line of the main sup-
ply circuit, & connection from another elec-
trode to the other line of the main supply
circuit, and a connection from the tglrd
. electrode to the secondary winding of- the
«s transformer, said electrodes so spaced with
relation to each other that an arc travelling
from said last mentioned electrode to either
of the other two electrodes, due to a partial
or complete ground in the high tension sys-
so tem, will cause an arc to be created between
- said first two mentioned electrodes to short
circuit the incoming supply lines.
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