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HIGH-VOLTAGE, HIGH-FREQUENCY AND HIGH-POWER TRANSFORMER

DESCRIPTION

OBJECT OF THE INVENTION

The object of the present invention, as established in the title, is a high-voltage,
high-frequency and high-power transformer.

The present invention is characterized by the special constructive
characteristics of the insulator in particular, on which the core, the primary
winding and the secondary winding are mounted, so as to achieve sufficient
insulation between both windings, maximum magnetic coupling and the
possibility of cooling the primary and secondary windings using oil, obtaining a
transformer which can be adapted to the dimensions of an X-ray tube in a very
small space.

Therefore, the present invention relates to the field of transformers, and
particularly high-power, high-frequency and high-voltage transformers.

BACKGROUND OF THE INVENTION

In the current state of the art, designing and building a high-voltage or high-
frequency or high-power transformer is not a problem. However, designing and
building a transformer that includes these three characteristics simultaneously
represents an enormous challenge, due to the conflicting requirements of each
of the aforementioned characteristics.

A high-voltage transformer requires a high degree of insulation between its
primary and secondary windings (large distance separating the high- and low-
voltage windings or large thickness of the insulators). This separation between
windings reduces the magnetic coupling between the two and therefore leakage
reactance increases, limiting the power output.

A high-frequency transformer requires a very good coupling between the
primary and secondary windings in order to achieve acceptable efficiency and
for the power output not to be limited by a poorly efficient coupling (excessive
reactance between the primary and secondary winding). To fulfil this
requirement, the distance between the primary and secondary windings must
be as short as possible (which is exactly the opposite to what is required for a
High-Voltage transformer). Also, the higher the operating frequency, the better
the coupling needs to be, because the reactance between the windings is
directly proportional to the frequency.

A high-power transformer requires the impedance of the windings to be very
small and the reactance between the two to be sufficiently low so as not to limit
the power output. This reactance is minimized when the coupling between the
primary and secondary windings increases, i.e. when the two windings are
close to each other (which is exactly the opposite to what is required for a High-
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Voltage transformer). Moreover, the higher the power output or operating
frequency, the better the coupling must be, because the reactance between the
windings is directly proportional to the frequency.

Therefore, the object of the present invention is to develop a transformer which
is simultaneously high-voltage, high-frequency and high-power, wherein the
insulation and magnetic coupling requirements are such that the objectives
pursued can be achieved by developing a transformer like the one described
below, the essence of which is set out in claim one.

DESCRIPTION OF THE INVENTION

The object of the present invention is a high-voltage, high-frequency and high-
power transformer in a very small space, which can be adapted to the
dimensions of an X-ray tube, so that it can be assembled in a single module, so
that the electric potentials coincide between them (equipotential installation) in
this way reducing the weight and volume of the assembly for the purpose of
making it more economical and efficient.

The transformer is immersed in oil (mineral or vegetable), which has two main
objectives: to serve as an electrical insulator and as a coolant for the
transformer’s electrical and magnetic elements.

The transformer has a core on which the primary winding is mounted,
whereupon this assembly is housed inside a hollow tubular element which
forms part of an insulator.

The insulator is made up of two parts which are symmetrical with respect to a
transverse vertical plane, each part or half having a hollow tubular element
housed inside an outer housing of each half of the insulator, with one end of the
hollow tubular element connected to the outer housing, in such a manner that
the inner space of the hollow tubular element is connected to the exterior and in
each half of the insulator an annular space is defined, comprised between the
outer wall of the tubular element and the inner wall of the outer housing, where
the secondary or high-voltage winding is disposed.

The hollow tubular element of each half of the insulator has the peculiarity of
projecting with respect to the free edge of the outer housing, so that the two
halves of the insulator are coupled together, the free ends of the hollow tubular
elements remain in contact, while a slot is defined between the two outer
housings, which will be situated at zero volts level, where a high degree of
insulation is not necessary and, however, allows the oil flow to come into
contact with the circuitry of the secondary winding.

Due to the described configuration, the following is achieved:

- The primary winding and the secondary winding longitudinally occupy the
same space, which maximizes the magnetic coupling between the
windings and therefore also minimizes the reactance between them,
which allows maximization of power output.
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- It allows the rectifier, filter and resistive divider of the secondary winding
to be disposed very close together due to the fact that these are
equipotential circuits and that they have the same potential along them.

- The distance between the primary and the secondary winding is
minimized by means of the hollow tubular element that separates both
windings, enabling good magnetic coupling without loss of insulation.

- The geometry of the outer housing of each half of the insulator makes it
possible to form a slot situated at zero volts level where a high degree of
insulation is not necessary and, however, allows the oil to come into
contact with the secondary winding.

EXPLANATION OF THE DRAWINGS

In order to complement the description being made and with a view to
contributing towards a better understanding of the characteristics of the
invention, in accordance with a preferred embodiment thereof, a set of drawings
is attached as an integral part of said description, where, in an illustrative and
non-limiting manner, the following has been represented.

Figure 1A shows a front view of the transformer object of the invention.

Figure 1B shows the section obtained when the transformer of figure 1A is cut
along the A-A line.

Figure 1C shows the section obtained when the transformer is cut along the C-
C line.

Figure 1D shows the section obtained when the transformer is cut along the B-B
line.

Figure 2 shows a perspective view of the transformer.
Figure 3 shows an axonometric view of one of the halves of the insulator.
Figure 4.1 shows a side view of one of the halves of the insulator.

Figure 4.2 shows the section obtained when the insulator is cut along the D-D
line.

PREFERRED EMBODIMENT OF THE INVENTION

In light of the drawings, following is a description of a preferred embodiment of the
proposed invention.

In figures 1A, 1B, 1C and 1D it is possible to observe a magnetic core (1) on
which the primary winding (2) is disposed having basic low-voltage insulation
between them, because they both operate very near zero volts, which is the
safety ground level (GND).
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The primary winding (2) and magnetic core (1) assembly is housed in the
interior of a hollow tubular element (8) defined in the insulator (3) of the
transformer and, on said hollow tubular element (8), the secondary winding (4)
is disposed. As can be observed, both the magnetic core (1) and the primary
winding (2) are in direct contact with the oil, allowing the flow of oil through both
magnetic core (1) and the primary winding (2) so that the oil evacuates the heat
generated by the transformer operating losses.

Figure 1B shows how the secondary winding (4) is divided into different winding
sections (4.1 to 4.8) that are wounded on independent coil formers. The voltage
of these winding sections are rectified, filtered and serially connected to add all
the voltages of each winding section by means of the rectifier (9) and filter (10).
The resistive divider (11) takes a sample of the output voltage and feeds it back
into the control circuit, thereby providing absolute and precise control of the
output voltage.

In this same figure, it can be observed that the zero volts voltage (ground level
or GND) is fixed exactly in the center of the secondary winding (between
winding sections 4.4 and 4.5), where the insulator (3) has an opening (5) to
allow the oil to flow toward the interior of the insulator (3), thereby insulating and
cooling the circuitry of the secondary winding, which is disposed on the high
voltage side. This opening is not detrimental to the transformer’s insulation,
because it is disposed in the very low voltage zone, where the oil insulation is
sufficient.

It can also be observed that the voltage of the transformer decreases
progressively, so for a transformer of 150KV with negative polarity on the left, it
reaches a minimum value of -75kV on the left end. In the same progressive
manner, it increases linearly with positive polarity towards the right of the
transformer, reaching a maximum value of +75kV on the right end. Therefore, it
provides -75kV on the left, increasing linearly up to +75kV on the right, giving a
total difference in potential of 150kV between both ends, with the zero volts
potential (ground or GND) in the center of the transformer.

Both the rectifier (9) and the filter (10) and the resistive divider (11) have the
same potential values. This means that there is no difference in potential
between them and this allows them to be disposed close together as they are
equipotential circuits.

It can be observed how the primary winding (2) and the secondary winding (4)
formed by the winding sections (4.1) to (4.8) longitudinally occupy the same
space to maximize the magnetic coupling between them and, thus, minimize the
reactance between them, which will allow maximization of the power output.

In figures 2, 3, 41 and 4.2 it is possible to observe the constructive
characteristics of the insulator (3) which, as can be observed, comprises two
halves or parts (6) and (7), which are symmetrical with respect to a vertical
plane to the insulator (3). Each of the parts or halves (6) and (7) comprises a
hollow tubular element (3.1) in which the assembly formed by the core (1) and
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the primary winding (2) is housed. Enveloping each of the hollow tubular
element (3.1) from each halve (6) and (7), there is an outer housing (3.2), with
one end of the hollow tubular element (3.1) connected with the outer housing
(3.2). An annular space (3.3) is defined between the hollow tubular element
(8.1) and the outer housing (3.2), in which the secondary winding (4) is
disposed.

Another characteristic of the insulator (3), and particularly of the tubular element
(3.1) of each half (6) and (7), is that it has a length such that at its free edge
(3.4), it is longer than the free edge (3.5) of the outer housing (3.2) (figure 4.2).
When both halves (6) and (7) are coupled together, the free edges (3.4) of the
hollow tubular elements (3.1) come into contact, and then between the free
edges (3.5) of the outer housing (3.2) there is a gap or slot (5) (figure 2),
thought which the cooling oil penetrates to the secondary winding (4) housed in
the annular space (3.3).

The insulation between the primary winding (2) and secondary winding (4) is
achieved by the tubular element (8) formed by the hollow tubular elements (3.1)
of each half (6) and (7) of the insulator (3). The thickness of the hollow tubular
elements (3.1) is such that it allows, on the one hand, insulation between the
two windings (primary and secondary) and, on the other, a good magnetic
coupling.

The outer housing (3.2) of each one of the halves of the insulator (3) allows the
insulation of the secondary winding (4), and that the oil flows through the
circuitry of the secondary winding (4) therefore cooling it.

With the described characteristics, it has been possible to achieve, inter alia, a
high-voltage (150kV), high-frequency (between 50kHz and 150kHz) and high-
power (80kW) transformer, in a very small space, in such a manner that it can
be adapted to the dimensions of the X-ray tube, so as to assemble it in a single
module, so that the levels of electric potential coincide between them
(equipotential assembly), thereby reducing the weight and volume of the
assembly for the purpose of making it more economic and efficient.

Having sufficiently described the nature of the present invention, along with the
manner of putting it into practice, it is stated that, within its essentiality, it may
be put into practice in other embodiments that differ in detail to that indicated by
way of example, and to which the protection being applied for will likewise
extend, provided that it does not alter, change or modify its basic principle.
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CLAIMS

1. High-voltage, high-frequency and high-power transformer having a core (1)
on which the primary winding (2) is disposed, on which a secondary winding (4)
is disposed in an insulated manner, whereupon the entire assembly is housed
and mounted in an insulator (3), wherein the insulator (3) is made up of two
parts or halves (6) and (7) which are symmetrical with respect to a transverse
vertical plane, each part or half having a single hollow tubular element (3.1)
housed in the interior of an outer housing (3.2) of each part or half of the
insulator and with one end of the hollow tubular element (3.1) connected to the
outer housing (3.2), so that the inner space of the holiow tubular element (3.1)
is connected to the exterior and an annular space (3.3) is defined in each part
or half (3.3) comprised between the outer wall of the tubular element (3.1) and
the inner wall of the outer housing (3.2), where the secondary or high-voltage
winding is disposed characterized in that the hollow tubular element (3.1) of
each part or half of the insulator (3) has the peculiarity of its free end (3.4)
projecting with respect to the free edge (3.5) of the outer housing (3.2), it is
longer than the free edge (3.5) of the outer housing (3.2), in such a manner that,
on coupling the two parts or halves (6) and (7) of the insulator (3), the free ends
(3.4) of the hollow tubular elements (3.1) come into contact, while between the
two outer housings (3.2), which is situated at zero volts level, there is a gap or
slot (5), through which cooling oil penetrates to the secondary winding (4) and
though which the oil penetrates towards the secondary winding (4).

2. High-voltage, high-frequency and high-power transformer, according to claim
1, characterized in that the secondary winding (4) is divided into different
winding sections (4.1 to 4.8) which are wounded on independent coil formers,
whose voltage is rectified, filtered and serially connected to add all the voltages
of each winding section by means of the rectifier (9) and filter (10) mounted next
to the secondary winding.

3. High-voltage, high-frequency and high-power transformer, according to claim
2, characterized in that it additionally has a resistive divider (11) mounted next
to the rectifier (9) and the filter (10).

4, High-voltage, high-frequency and high-power transformer, according to any
of the preceding claims, characterized in that the primary winding (2) and the
secondary winding (4) longitudinally occupy the same space.



