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This invention relates to a- method of and to
apparatus for energizing self-rectifying load de-
vices such. as self-rectifying tubes.

The energization of a.self-rectifying X-ray tube
or like device, gives rise fo an inverse voltage
that appedars across the X-ray tube during its
non-conducting periods, which voltage tends to
be considerably higher than the useful voltage
that appears across the X-ray tube during its
conducting periods. This condition complicates
the insulation of X-ray apparatus and unsym-
metrically loads the supply source. The undesir-
able inverse voltage effect is primarily due to the
fact that the secondary winding of the trans-
former for energizing the X-ray tube is substan-
tially unloaded during one-half cycle of the ener-
gizing current source while this winding is loaded
by the X-ray tube with the resultant veltage drop
during the remaining half-cycle when this tube
is eonducting.

Among the objects of the present invention
are; to provide a means of and a method for
compensating for the unsymmetrical form of
waves created in X-ray transformers by reason
of half-wgve operation of the X-ray tube; to
reduce the inverse voltage across the X-ray tube
during the unloaded half-cycle and to aeccom-
plish these improvements without adding struc-
ture to the transformer and without inereasing
the velt-ampere demand on the supply line.

The various features and advantages of the
invention will appear from. the detailed descrip-
tion and claims when taken with the drawings
in which:

Fig. 1 is g circuit diagram illustrating one em-
bodiment of the invention;

Fig. la indicates how the circuit arrangement
of Fig. 1 can be slightly modified;

Fig. 2 is a chart showing graphs or oscillo-
grams useful in the understanding of the inven-
tion; and

Fig. 3 shows a modified form of the invention.

In the circuit diagram of Fig. 1, a source of
alternating current 5 supplies a higli tension
transformer 6. This transformer has & magnetic
core 1 on which there are wound the primary
winding 8 and the secondary winding 9. The
primary winding is connected in the primary
supply circuit, being eonnected by the conduc-
tors 10 and I in series with the current source
5. The secondary circuit of the transformer in-
cludes a conventional self-reetifying X-ray tube
2 comprising g filamentary cathode 3 with its
focusing element (4 and an gnode I5. The cath-
ode and anode are respectively connected to the
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terminals of the secondary winding while the
cathede 13 is connected in series with. & source
£§ of heating current.

With the energizing arrangement thus far de-
scribed, the inverse voltage appearing across the
X-ray tube {2 during its non-conducting periods
will be greatly in excess of the useful voltage ap-
pearing across this tube during its cenducting
periods, thereby manifesting an unsymmetrieal
wave form. 'This inverse voltage, unless. it is ve-
duced, has made it necessary to manufacture
self-rectifying X-ray apparatus with a margin
of safety in insulation that is greatly in excess
of that required for protection against the useful
voltage which energizes the X-ray tube.

In order to reduce this inverse voltage to a
magnitude of the order of the useful voltage
across the X-ray tube, an auxilliary cireuit is
provided in. accordance with the present inven-
tion. This circuit comprises a rectifier 18, and
a resistor 1§ both connected in series between
substantially the center point 21 on the primary
winding and the conductor I!. Under certain
conditions it is desirable to include a magnetic
core inductor 28 in the guxiliary circuit inm series
with the rectifier 18 and resistor 19, as shown
in Fig. la. A load connected between the center
tap of a transformer winding and one terminal
thereof, causes the load current due to this con-
nection to be equally distributed in both halves
of the winding. This phenomenon is utilized in
my invention wherein I employ the auxiliary
cireuit to connect a rectified load current period-
ieally between one terminal of the primary wind-
ing of the energizing transformer and a second
point somewhere near the center of that winding.

In Fig. &, it will be observed that the X-ray
tube 42 loads the secondary winding 9 of the
transformer only during each half-wave of a.com-
plete eycle, while the auxiliary circuit including
the rectifier 18 together with its related load,
namely resistor {9 and inductor 26, are so con-
nected that this auxiliary circuit loads the trans-
former § for the half-cycle during which the
transformer is not loaded by the X-ray tube {2.
In this way, the secondary load circuit caused
by the X-ray tube and the auxiliary or primary
load circuit caused by the rectifier 18 together
with its connected load, impose the eguivalent
of a full wave continuous load on the trans-
former 6.

The conditions prevailing during the operation
of the circuit arrangement of Fig. 1 are graph-
ically illustrated in Fig. 2 wherein graph A re-
presents a sine curve 22 of voltage provided by
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alternating current source 5. Voltage having this
wave form is available at the transformer primary
8 and is also available at the terminals of the
secondary winding 9 of the transformer, in the
absence of a load or with a symmetrical load
thereon.

In graph B, the waves 23 and 24 shown in full
lines represent the load current in the secondary
9 of the X-ray transformer 8, the dotted waves
25 and 26 do not exist bhut are drawn in to show
the form of current that would prevail in the
case of a symmetrical load.

In graph C, the dotted voltage curve 22 is the
same as curve 22 of graph A, that is, the un-
loaded or symmetrical voltage across the X-ray
tube. With X-ray tube current in half-wave
form, such as illustrated by 23 and 24, the trans-
former is loaded unsymmetrically and due to the
impedance of the transformer which includes a
large amount of leakage reactance, the load volt-
age drops off to the form shown by the full line
curve 21. It will be noted that curve 27 is flat-
tened by the load during the loaded half-cycle
operation and peaked during the unloaded half-
cycle of operation.

In graph D, the primary current is represented
by the portion of the curve designated 28. This
curve represents the load current, which is, very
nearly in phase with the voltage. It also repre-
sents a small amount of oscillatory current 29 due
to a transient caused in the transformer by the
removal of load current. This curve further rep-
resents a very considerably peaked current 39,
which is substantially 90° out of phase with the
apbplied voltage, because of the fact that this rep-
resents only exciting current. However, the
area under the negative parts of this wave curve
are always equal to the area under the positive
parts thereof as illustrated by the shading in this
graph, so that the volt ampere load caused by
such operation represents only about a fifty per
cent power factor. This is, the peak 30, although
it is out of phase, requires the same demand on
the supply circuit insofar as amperes are cop-
cerned as does the load current 23.

In the operation of X-ray transformers and X-
ray systems, the wiring and power circuit de-
mands are base upon the volt ampere demand of
the circuit. If the transformer and the connected
system, is to operate efficiently and the actual
watt demand is of no importance so long as the
watt demand does not exceed the volt ampere
demand, the cost of the actual current utilized in
the operation of an X-ray machine rarely, if ever,
approaches the maximum demand reguirements.
That is to say, power supply transformers, build-
ing wiring and fixed charge raies for X-ray ma-
chines are the determining factor in the cost of
operation of X-ray radiographic machines, and,
therefore, compensation methods for correcting
the unsymmetrical wave forms imposed upon
X-ray transformers by half-wave operations may
advantageously employ more watts than usually
demanded without compensators, provided the
watt demand does not exceed the volt ampere
demand.

It is appreciated by those skilled in the art that
the so-called inverse voltage caused by the effect
of unsymmeftrical loading upon the circuit im-
pedance and leakage reactance of the trans-
former imposed extra strains on the transformer
insulation and limits the kilo-volt operation of
the X-ray tube.
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Referring to Fig. 1, it will be observed that
with the circuit therein illustrated which sym-
metrically loads the transformer, and, therefore,
symmetrically loads the supply line, that the ef-
fect of transformer impedance and leakage re-~
actance is symmetric for both half-waves of op-
eration, and, therefore, the line current takes the
form 22¢ in line E of Fig. 2, and the system is
caused to operate as a perfectly balanced sym-
metrically loaded transformer system.

In the prior art, devices have been made to
compensate to some extent, the mentioned load-
ing but they have all, without exception, em-
ployed some sort of impedance directly in series
in the primary or supply circuit. However, it is
well known in the X-ray transformer art, that
impedance introduced in series with the primary
or supply circuit increases the distortion of the
unsymmetrical wave form, because of the fach
that primary impedance is equivalent to leakage
reactance in the transformer itself. Therefore,
in these prior art devices, the compensation pro-
vided had to compensate not only for the leakage
reactance of the transformer itself but also for
the equivalent added effect caused by the nitro-
duction of impedance in the primary circuit.

In the arrangement of the present invention,
however, no impedance whatever is included in
series in the primary or supply circuit. Inverse
voltage reduction or compensation in this ar-
rangement is effected by an auxiliary load cir-
cuit which in no way impedes any current flow
from the source 5, to the primary winding of the
transformer.

The modified form of the invention disclosed
in Fig. 3 is similar to that shown in Fig. 1 except
that the primary load circuit has been changed.
In this modification, the winding 31 of an auto-
transformer has its terminals connected respec-
tively to primary supply conductors {8 and !I.
The intermediate point 32 on autotransformer
winding 31 is connected through the rectifier 18
with the intermediate point 2i on the primary
winding 8 of the transformer 6. Otherwise this
arrangement is similar to that of Fig. 1. 'The
operation of this arrangement will be under-
stood from the previous description.

While I have shown several forms of the inven-
tion, it will be understood that many modifica-
tions may be made by those skilled in the art
without departing from the spirit of the inven-
tion.

What I claim is:

1. The method of reducing undesired inverse
voltage unbalance in an arrangement including
a periodically conducting and non-conducting
rectifying load device energized from a trans-
former having a primary winding and a secondary
winding connected to said device, which com-
prises energizing said primary winding from a
source of alternating current having negligible
line impedance, and applying a balancing ab-
sorption load across one-half of said primary
winding during the non-conducting period of said
device whereby said unbalance is reduced.

2. The method of reducing undesired inverse
voltage unbalance in an arrangement including
a periodically conducting and non-conducting
rectifying load device energized from a trans-
former having a primary winding and a secondary
winding, which comprises continuously supplying
to said primary winding alternating current hav-
ing substantially undistorted line-voltage wave
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form, and alternately applying the load of said
device across said secondary winding and a uni-
directional balancing load across substantially
one-half of said primary winding whereby said
unbalance is reduced.

3. The method of reducing undesired inverse
voltage in an arrangement including a periodi-
cally conducting and non-conducting rectifying
load device and a cooperating transformer having
a primary winding and a secondary winding
connected to said device which comprises sup-
plying to said primary winding alternating cur-
rent having substantially undistorted line-voltage
wave form, and applying a balancing load across
substantially one-half of said primary winding
during the non-conducting periods of said device.

4. In combination, a self-rectifying X-ray
device which is periodically conducting and non-
conducting, a source of alternating current of
substantially undistorted line-voltage wave form
for energizing said device, a high voltage trans-
former having a secondary winding connected
in circuit with said X-ray device and a primary
winding to the terminals of which said source of
undistorted line-voltage wave form is applied,
and a load circuit including a rectifying umit
effectively connected across substantially one-
half of said primary winding during those periods
that the X-ray device is non-conducting.

5. In combination, a self-rectifying X-ray de-
vice which is periodically conducting and non-
conducting, a source of alternating current for
energizing said device, a high voltage trans-
former having a secondary winding connected in
circuit with said X-ray device and a primary
winding connected in a supply circuit including
said source, said supply circuit being substan-
tially devoid of any impedance unit apart from
said primary winding, a balancing circuit con-
stituting a load corresponding with that of said
device, means for effectively connecting said bal-
ancing circuit across substantially one-half of
said primary winding only during those periods
that the X-ray device is non-conducting.

6. In combination, a self-rectifying X-ray de-
vice, a source of alternating current having sub-
stantially undistorted wave forms for energizing
said device, a high voltage transformer having
a secondary winding connected in circuit with
said X-ray device and a primary winding con-
nected in a supply circuit including said source,
said supply circuit being substantially devoid of
any impedance apart from said primary winding,
and a load circuit including a rectifying unit
and an impedance unit effectively connected from
a central point on said primary winding to one
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6
terminal thereof during those periods that the
X-ray device is non-conducting.

7. The method of compensating for distortion
of secondary voltage wave-form due to the
periodic flow of direct current in the secondary
of an alternating current transformer operating
under half-wave secondary load which comprises
supplying to the primary of said transformer
alternating current having substantially undis-
torted line voltage wave form and drawing an
external balancing load from one-half of the
primary of said transformer during the half-
wave period that the secondary is unloaded and
during said period only.

8. The method of compensating for distortion
of secondary voltage wave-form due to flow of
direct current in the secondary of an alternat-
ing current transformer operating under half-
wave secondary load which comprises supplying
from a power line to the terminals of the pri-
mary winding of the transformer alternating cur-
rent having substantially undistorted voltage
wave form, and drawing an external load cor-
responding to that of the secondary load, from
the primary of said transformer from a central
primary tap thereof and one side of said line
during the half-wave period that the secondary
is unloaded and during said period only.

9. The method of compensating unbalanced
secondary voltage wave-forms due to flow of di-
rect current in the secondary of an alternating
current transformer operating under half-wave
secondary load which comprises supplying from
a power line to the terminals of the primary
of the transformer alternating current having
substantially undistorted wave form, and draw-
ing a balancing direct current from a central
tap on said primary and one side of said line
only during the half-wave periods that the sec-
ondary is unloaded.
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