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(54) Electrical insulation and cooling material for a high-voltage supply device

(57) Insulation and cooling material for high-voltage
supply devices is a composite of at least one thermo-
plastic polymer and of at least one particulate ceramic
filler so that the matieral has a thermal conductivity of
at least 0.9 W/M.K. The thermoplastic polymer may be
polypropylenes, poly (etherimides), poly(phenylsul-

phides) and poly(etherimide)/poly(phenyl-sulphide)
mixtures. The particulate ceramic fillers may be alumi-
na, aluminum nitride, boron nitride, barium suplhate and
beryllium oxide and mixtures thereof.

The high-voltage supply device is intended for X-
ray tubes.
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Description

[0001] The present invention relates to materials for
insulating and for cooling high-voltage (HV) supply de-
vices, in particular for the supply of X-ray tubes, and to
the high-voltage supply devices incorporating these ma-
terials.
[0002] More particularly, the invention relates to novel
insulation and cooling materials for high-voltage supply
devices having an enhanced thermal conductivity in or-
der to improve the dissipation of the heat generated in
the device during its operation.
[0003] As is well known, X-ray tubes comprise a fila-
ment cathode which emits a beam of electrons towards
an anode. Under the action of the bombardment by the
electron beam, the anode emits a beam of X-rays. In
order to obtain a high-energy electron beam, the elec-
trons are accelerated by an intense electric field pro-
duced between the cathode and the anode. For this pur-
pose, the anode is raised to a very high positive potential
with respect to the cathode. This potential may exceed
150 kV. High-voltage supply devices are used to pro-
duce these potentials.
[0004] Generally speaking, the active components of
the high-voltage supply devices are enclosed and sup-
ported in a first ribbed casing or surround made of an
electrically insulating material and the first casing con-
taining the active components is itself contained in a
second casing which is made of metal and is earthed.
The internal space of the first casing containing the ac-
tive components as well as the space between the first
casing and the second casing are filled with an insulat-
ing and cooling liquid, generally an oil.
[0005] More specifically, the active components of the
high-voltage supply device in the first casing, such as
the components of the high-voltage transformer, the rec-
tifiers of the voltage doubler and all the conducting ele-
ments at various potentials, are mechanically held in
place and electrically insulated from each other by being
housed in different compartments in this first casing
made of highly insulating material, such as electrically
insulating plastics. The free space in this first casing is
also filled with an insulating and cooling liquid such as
an oil.
[0006] The oil-filled communicating free spaces in-
side the first casing and between the first casing and the
earthed second casing constitute what is commonly
called a high-voltage space.
[0007] The power necessary to operate an X-ray tube
may be up to 25 kW to 100 kW for a few tenths of a
second. Even when the high-voltage supply device has
a very high efficiency, the power delivered by the device
is limited by the temperature rise in the high-voltage
space due to electrical losses in the active components.
These losses may represent 6% of the output power.
Typical power losses are of the order of several kilo-
watts.
[0008] In order to avoid thermal deterioration of the

sensitive elements because of these power losses, it
would be desirable to maintain the high-voltage space
at a relatively low temperature.
[0009] An embodiment of the present invention there-
fore provides insulation and cooling materials for a high-
voltage supply device having an enhanced thermal con-
ductivity while maintaining the required electrical prop-
erties.
[0010] An embodiment of the invention also to pro-
vides a high-voltage supply device in which the oil-filled
high-voltage space around the high-voltage active ele-
ments comprises a surround for insulating and for sup-
porting the active components which is made of insula-
tion and cooling material of the disclosed invention.
[0011] In an embodiment of the invention, an insula-
tion and cooling material is produced for a high-voltage
supply device, comprising a composite of at least one
thermoplastic polymer and of at least one particulate ce-
ramic filler so that the material has a thermal conductiv-
ity of at least 0.9 W/m.K.
[0012] The invention also relates to a high-voltage
supply device that includes a surround for insulating and
supporting the active elements, which is made of an in-
sulation and cooling material according to the invention.
[0013] A high-voltage supply device to which the
present invention may be applied is described in U.S.
Patent Application No. 09/168,843. In brief, the high-
voltage comprising the active components are placed in
housings of a modular support, the side walls of which
are formed by elements having overlapping comple-
mentary inclined surfaces providing both electrical insu-
lation and thermal conduction.
[0014] The description refers to the single figure
which shows a diagrammatic sectional view of a high-
voltage supply device according to an embodiment of
the invention.
[0015] The figure shows diagrammatically a high-volt-
age device 1 which conventionally comprises active
components 10 immersed in oil and supported and in-
sulated by one or more insulating surrounds 11 made of
solid insulating material.
[0016] These active components 10 and the support-
ing and insulating surrounds 11 are themselves en-
closed in a ribbed casing 12, for example made of alu-
minum, which is grounded.
[0017] The free spaces 13, 14 between the active
components 10 and the insulating surround 11 and be-
tween the insulating surround 11 and the grounded cas-
ing 12, respectively, communicate with each other and
are filled with insulation oil.
[0018] The electrical-insulation and cooling material
of the surround 11 comprises a composite of at least one
thermoplastic polymer and of at least one particulate ce-
ramic filler so that the material has a thermal conductiv-
ity of at least 0.9 W/m.K.
[0019] The insulating surround 11 may be a multiple
surround consisting of mutually overlapping elementary
surrounds separated by spaces filled with insulation oil.
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[0020] Although the insulating oils which are generally
used in high-voltage supply devices have, in the ab-
sence of any applied electric field, thermal conductivities
of about 0.115 W/m.K, it has been found that these same
oils, because of the movement of the oil due for example
to the application of the high electric fields present in the
high-voltage supply devices or any other means, had
very much higher thermal conductivities, these possibly
being 30 to 100 times higher depending on the geometry
of the device. It follows that, for thermal dissipation, the
solid insulating material of the surrounds 11 is a deter-
minant factor.
[0021] Any thermoplastic polymer making it possible
to obtain the desired thermal conductivity of at least 0.9
W/m.K, which does not degrade the other desirable
properties of the insulation and cooling material, such
as the dielectric strength and the dielectric constant,
may be used in the composite of the invention. In par-
ticular, the dielectric strength should be greater than 50
kV/mm and the dielectric constant between 2 and 4.
[0022] Furthermore, the insulating material should be
such that it allows easy conversion, carried out on an
industrial scale, for example by moulding, injection-
moulding or extrusion, or any other conventional indus-
trial process.
[0023] In order to facilitate the conversion, any con-
ventional processing aid may be included in the materi-
al.
[0024] Among the polymers useful for formulating the
composites of the present invention, mention may be
made of polypropylenes, fluoropolymers such as poly-
tetrafluoroethylenes (PTFE), polychlorotrifluoroeth-
ylenes (PCTFE) and poly(vinylidene fluorides) (PVDF),
poly(amideimides) (PAT), poly(etherimides) (PET), poly
(ethersulphides) (PES), poly(phenyl-sulphides) (PPS)
and mixtures thereof.
[0025] The preferred polymers are polypropylenes,
poly(etherimides), poly(tetrafluoroethylenes) and poly
(phenylsulphides) and poly(etherimide)/poly(phenylsul-
phide) mixtures.
[0026] The particulate ceramic fillers useful in the for-
mulation of the composites of the invention are all ce-
ramics giving the composite the required thermal con-
ductivity without degrading the other properties of the
insulation and cooling material and in particular the elec-
trical-insulation properties.
[0027] The preferred particulate ceramic fillers are
alumina, aluminum nitride, boron nitride, barium sul-
phate and beryllium oxide, and mixtures thereof.
[0028] Boron nitride, aluminum nitride and mixtures
thereof are more particularly recommended.
[0029] The amount of particulate ceramic filler of the
composite is generally at least 40% by weight with re-
spect to the total weight of the composite and is gener-
ally between 40 and 80% by weight, preferably from 40
to 60% by weight.
[0030] The particulate ceramic filler generally has a
particle size of between 1 and 100 µm, preferably be-

tween 10 and 60 µm.
[0031] The particles of the ceramic filler may option-
ally be coated with a layer of another material that does
not impair the thermal-conduction and electrical-insula-
tion properties, such as a layer of silicone conferring lu-
brication on the particles.

EXAMPLE

[0032] An insulation and cooling material according to
the embodiment of the invention was prepared, by sim-
ple mechanical mixing, which comprises, by weight,
30% of poly(phenylsulphide), 30% of poly(etherimide),
25% of aluminum nitride powder and 15% of boron ni-
tride powder.
[0033] The material was injection-molded, a disc-
specimen 60 mm in diameter and 4 mm in thickness was
produced and the properties below were determined:

Thermal conductivity (75°C): > 0.96 W/m.K

Breakdown strength: > 70.5 kV/mm

Dielectric constant: 3.4 (1 kHz, 75°C).

[0034] Various modifications in structure and/or func-
tion and/or steps may be made by one skilled in the art
to the disclosed embodiments without departing from
the scope and extent of the invention.

Claims

1. Material for a high-voltage supply device, compris-
ing a composite of at least one thermoplastic poly-
mer and of at least one particulate ceramic filler so
that the material has a thermal conductivity of at
least 0.9 W/m.K.

2. Material according to claim 1, wherein the compos-
ite comprises at least 40% by weight, with respect
to the total weight of the composite, of particulate
ceramic filler.

3. Material according to claim 2, wherein the particu-
late ceramic filler represents 40 to 80%, preferably
40 to 60% by weight of the composite.

4. Material according to any one of claims 1 to 3,
wherein the thermoplastic polymer is chosen from
among polypropylenes, poly(tetrafluoroethylenes)
and poly(etherimides).

5. Material according to any one of claims 1 to 4,
wherein the particulate ceramic filler is chosen from
among alumina, aluminum nitride, boron nitride and
mixtures thereof.
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6. Material according to claim 5, wherein the particu-
late ceramic filler is chosen from among aluminum
nitride, boron nitride and mixtures thereof.

7. Material according to any one of claims 1 to 6,
wherein the particulate ceramic filler has a particle
size of between 10 and 60 µm.

8. Material according to any one of claims 1 to 7,
wherein the material has a dielectric strength of at
least 50 kV/mm.

9. Material according to claim 8, wherein the material
has a dielectric strength greater than 50 kv/mm and
a dielectric constant between 2 and 4.

10. High-voltage supply device comprising high-volt-
age active components (10) supported and electri-
cally insulated in the device by means of a surround
(11), wherein the surround is made of the composite
material according to any one of claims 1 to 8.

11. Supply device according to claim 9, wherein the sur-
round is a multiple surround formed from several
mutually overlapping elementary surrounds sepa-
rated by an insulating oil.
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