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[57] ABSTRACT

A high voltage electrical resistor comprises a resistive
path supported on a dielectric hollow cylindrical sub-
strate, termination means electrically connected to the
resistive path, an insulation system and a heat dissipa-
tion system. The high voltage end of the substrate is
spaced from the wall of an insulative jacket by means
of projections extending radially inwardly from the
wall. The low voltage end of the substrate is spaced
from the wall of the jacket by means of a heat dissipat-
ing mounting member. The termination means include
insulated lead wires electrically connected to the resis-
tive path with a lead wire adjacent the high voltage end
of the substrate passing through a tubular projection of
the jacket. A heat shrunk sleeve forms a tight seal be-
tween the tubular projection and the lead wire. Dielec-
tric material fills the space between the substrate and
the jacket forming a moisture impervious barrier
around the resistive path and improving the dielectric
strength of the resistor.

23 Claims, 4 Drawing Figures
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HIGH VOLTAGE RESISTOR

This application is an improvement over commonly
assigned application Ser. No. 23,267, filed Mar. 11,
1971, which is a division of application Ser. No.
809,655 filed Mar. 24, 1969, now U.S. Pat. No.
3,579,819 incorporated herein by reference. The pres-
ent invention relates to an improved high voltage resis-
tor having improved characteristics for use in a high
voltage electrical circuit and a method of manufactur-
ing such a resistor.

As discussed in the above-identified applications, the
prior inventions sought to replace the typical prior art
circuit arrangement wherein a resistor module com-
prising a plurality of series connected fixed volume
electrical resistors had been connected across a power
supply of 20,000 or more volts. The inventions of the
above-identified applications eliminated the need for
separate resistors by providing a single discrete high
ohmic value resistor for use in a high voltage circuit ap-
plication such that the precision, stability and quality
thereof was determined by the characteristics of a sin-
gle continuous resistive path. While the inventions of
the above-identified applications have met with a great
degree of commercial success and have satisfied rigid
engineering requirements, it would be desirable to fab-
ricate an improved high voltage resistor capable of dis-
charging 20,000 or more volts and provide taps along
the resistive path on a single substrate in a smaller
package with higher initial and long term dielectric
strength.

In the construction of the inventions of the above-
identified applications a great deal of time and effort
was spent in centering the substrate relative to a heat
dissipating mounting member in order to provide for
uniform distribution of the primary insulating material,
e.g., polyurethane, between the jacket and substrate.
The effort in precisely centering the substrate relative
to the heat dissipating mounting member can be mini-
mized if means are provided for positively spacing the
high voltage end of the substrate from the jacket. It
would therefore be desirable to provide an improved
high voltage resistor having improved centering means
for centering the substrate and particularly for posi-
tively spacing the high voltage end of the substrate
from the jacket. :

Accordingly, it is an object of the present invention
to provide a new and improved high voltage resistor
and method of manufacturing same. Another object of
the present invention is to provide an improved resistor
to which potentials of 20,000 or more volts may be ap-
plied and which is provided with means of preventing
the occurrence of high voltage corona. An additional
object of the present inventon is to provide improved
centering means for spacing the high voltage end of the
resistor relative to the insulating jacket. A further ob-
ject of the present invention is to provide improved
mounting means for a high voltage resistor. Yet an-
other object of the present invention is to provide a
method for bottom filling of the insulation to insure
maximum density of the insulation at the high voltage
end of the resistor. Still another object of the present
invention is to provide a tapped resistor wherein the
substrate provides a continuous heat transfer path
through the taps. Further objects and advantages of the
present invention will become apparent as the follow-
ing description proceeds and the features of novelty
characterizing the invention will be pointed out with
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particularity in the claims annexed to and forming a
part of this specification.

Briefly, the present invention is concerned with an
improved high voltage electrical resistor comprising a
resistive path supported on a ceramic substrate, termi-
nation means electrically connected to the resistive
path, and an insulation system. The substrate provides
a uniform and continuous heat dissipation path be-
tween the ends of the resistive path. In order to pro-
mote the rapid transfer of heat away from the substrate,
a thermally conductive heat dissipating mounting mem-
ber is arranged in close proximity to the surface of the
substrate. An insulative jacket having an aperture in
one end and an opening in the other end surrounds the
substrate. The termination means include an insulated
lead wire electrically connected to the resistive path
adjacent the high voltage end which projects through
the aperture and substantially seals the aperture. A plu-
rality of projections extend from the interior wall of the
housing into engagement with the substrate to maintain
the resistive path at the high voltage end spaced from
the wall of the housing. The point of electrical connec-
tion between the insulated lead wire and the resistive
path is also spaced from the wall of the housing by posi-
tioning the point relative to the projections. The ther-
mally conductive heat dissipating member provides
means for maintaining the resistive path at the low volt-
age end spaced from the wall of housing. Dielectric ma-
terial is positioned between the resistive path and the
wall of the housing thereby providing a moisture imper-
vious barrier around the resistive path. The material
also surrounds the termination thereby providing strain
relief and means for preventing high voltage corona
when the termination is connected to a high potential
in the range of 20,000 volts or more. '

For a better understanding of the present invention
reference may be made to the accompanying drawings
wherein the same reference symbols have been applied
to like parts and wherein

FIG. 1 is an isometric view of the high voltage resistor
made in accord with the present invention;

FIG. 2 is a sectional view taken on the line II—II of
FIG. 1; :

FIG. 3 is a sectional view taken on the line IH—III of
FIG. 2 assuming FIG. 2 to be shown in full; and

FIG. 4 is an exploded isometric view of the high volt-
age resistor shown in FIG. 1 with parts broken away to
better disclose features of the present invention.

Referring now to the drawings the preferred embodi-
ment of the present invention comprises a high voltage
resistor 10 comprising a jacket or cylindrical housing
11 of a dielectric material such as polypropylene hav-
ing an aperture 12 in one end and an opening 13 in the
other end. A hollow cylindrical substrate 14 formed of
a ceramic type material such as steatite or alumina is
disposed within the housing 11 and has resistance
means in the form of resistance material 16 defining a
serpentine resistive path deposited by a printing or
other suitable. process onto an outer surface of the sub-
strate 14, The resistive path is comprised of an inter-
sticed mass of inert electrically nonconductive particles
uniformly distributed throughout the resistive path and
a conductive phase forming an interstitial mass within
the intersticed mass of the inert ¢lectrically noncon-
ductive particles. The uniformly spaced inert electri-
cally nonconductive particles typically have an average
size of 0.1 to 10 microns with the conductive phase fill-
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ing the spaces between adjacent ones of the inert elec-
trically nonconductive particles. A binder bonds to-
gether the inert electrically nonconductive particles
and the conductive phase. In a preferred embodiment
the resistive path has a resistivity of 1 megohm per
square and a voltage coefficient of 400 parts per mil-
lion per volt per square of resistive path. Preferably the
resistance composition used in making the resistive
path is similar to the resistance composition disclosed
in the co-pending application Ser. No. 803,688 filed on
Mar. 3, 1969, by L. J. Brady and entitled Electrical Re-
sistance Elements, Their Composition, and Method of
Manufacture. It will, however, be understood that resis-
tance compositions other than those being disclosed in
said co-pending application may also be used in the
practice of the present invention.

The illustrated termination means includes two sol-
derable conductive pads 17, 18 deposited adjacent the
ends of the resistive path in electrical connection there-
with and having insulated lead wires 21, 22 soldered
thereto. When it is desired to provide a tap intermedi-
ate the ends of the resistor, a third or additional solder-
able conductive pad 23 is deposited on the substrate
intersecting the resistive path to provide the desired
ratio between the resulting two portions of resistive
path-and an insulated lead wire 24 is soldered to the
pad. In the preferred embodiment the end of the sub-
strate having the lead wire 17 secured thereto is re-
ferred to as the high voltage end whereas the other end
of the substrate is referred to as the low voltage end. An
additional solderable conductive pad 26 is deposited
adjacent the low voltage end and positioning means in
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the form of a heat dissipating mounting member 27 is -

connected thereto by a deposit of solder. This con-
struction enables the heat dissipating mounting mem-
ber 27 to dissipate relatively large amounts of heat
away from the substrate during use of the resistor. It
will be appreciated that the resistive path could be elec-
trically connected to the solderable conductive pad 26
secured to the heat dissipating mounting member 27
whereby the heat dissipating mounting member 27
could also serve as termination means. The heat dissi-
pating mounting member 27 is provided with tubular
centering means 28 defining the walls of a central aper-
ture 29 projecting into the interior of the hollow sub-
strate 14 to thereby center the substrate relative to the
heat dissipating mounting member 27. Frictional grip-
ping means 31 extend from the heat dissipating mount-
ing member into engagement with the interior wall of
the cylindrical housing 11 to position the substrate 14
relative to the housing. ‘
In order to secure the resistor to a not shown mount-
ing panel incorporating the resistor, a latching tab 32
_projects outwardly from the tubular centering means
28 having an angled portion 33 bent at an angle to the
heat dissipating mounting member 27 and a lateral por-
tion 34 extending outwardly of the housing from the
angled portion 33. A screw tab 36 also extends from
the heat dissipating mounting member 27 having a hole
therein for receiving a bolt or screw to secure the resis-
tor to the mounting panel. In order to ensure a good
heat transfer interface between the heat dissipating
mounting member 27 and the mounting panel the tip
35 of the lateral portion 34 is disposed such that the
distance between the tip 35 and a plane through the in-
terface of the heat dissipating mounting member is less
‘than the thickness of the mounting panel. Thus when
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the latching tab 32 is inserted in a slot in the mounting
panel with the tip 35 of the lateral portion 34 posi-
tioned adjacent the underside of the panel the screw
tab 36 is spaced from the top surface of the panel
whereby a bolt passing through the hole of the screw
tab 36 draws the heat dissipating mounting member 27
into tight abutting relationship with the mounting
panel.

In order to ensure proper spacing of the resistive path
from the wails of the housing, positioning means in the
form of a plurality of projections or fins 37 extend from
the interior wall of the housing adjacent the aperture
12 into engagement with the substrate 14 adjacent the
high voltage end. A locating lug 38 projects from the
exterior of the housing to enable external determina-
tion of the position of the fins 37. In the preferred em-
bodiment as shown in FIG. 3 two of the fins 37q, 37b
project from the housing a distance greater than the
distance a third fin 37¢ projects therefrom. During the
assembly of the resistor the high voltage end of the sub-
strate is inserted into the housing with the point of elec-
trical connection 39 between the insulated iead wire 21
and the solderable conductive pad 17 being positioned
between the two fins 374, 37b, thus ensuring spacing
between the point of electrical connection 39 and the
wall of the housing. The aperture 12 in the end of the
housing is defined by a tubular projection 40 and is sub-
stantially sealed by introducing the insulated lead wire
21 therethrough. In order to provide ease of assembly
it is necessary to have some tolerance between the tu-
bular projection 40 and the insulated lead wire 21.
Thus a heat shrinkable sleeve 41 is disposed over the
tubular projection 40 and insulated lead wire 21 and
heat shrunk to tightly seal the aperture. Alternatively,
the tubular projection 40 can be spin welded to the in-
sulation of the insulated lead wire 21 in order to tightly
seal the aperture,

As the substrate 14 is inserted into the housing during
assembly, the insulated lead wire 24 forming the tap
and the insulated lead wire 22 secured to the low voit-
age end of the resistor are disposed in the space be-
tween the substrate 14 and the housing wall and in-
serted into individual lead break outs 42, 43, 45 adja-
cent the opening in the housing. By directing the lead
wires 22, 24 radially of the housing, strain relief is pro-
vided since a force exerted on the lead wires 22, 24 will
be in a direction different from the direction in which
the lead wires 22, 24 are secured to the solderable con-
ductive pads 18, 23. Since each of the lead wires 22, 24
has a separate break out, the possibility of shorting be-
tween the lead wires 22, 24 is minimized due to their
physical separation. When the high voltage end of the
substrate 14 is positioned in engagement with the fins
37, the heat dissipating mounting member 29 is dis-
posed with its frictional gripping means 31 frictionally
engaging the wall of the housing, thus positioning the
substrate 14 so as to provide a space between the resis-
tive path and the wall of the housing,.

Once the substrate is positioned in the housing with
the heat shrinkable sleeve 41 shrunk into tight engage-
ment with the tubular projection 4@ and the insulated
lead wire 21, dielectric material 44 such as a polyure-
thane is inserted through the aperture 29 in the heat
dissipating mounting member 27 whereby the material
passes through the center of the substrate and fills the
space between the resistive path and the walls of the
housing 11. The lead break outs 42, 43, 45 provide
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vents for the escape of gases forming during insertion
of the dielectric material 44. Since the point of electri-
cal connection 39 between the insulated lead wire 21
and the solderable conductive pad 17 at the high voit-
age end of the substrate is spaced from the wall of the
housing, the dielectric material also surrounds the
point of electrical connection 39. Once the dielectric
material cures it forms a rigid moisture impervious bar-
rier around the resistive path and insulated lead wires.
In surrounding the insulated lead wires, the dielectric
material adheres to the insulation of the lead wires and
provides strain relief. The dielectric strength of the re-
sistor 10 can be increased by tapering the cross-
sectional width of the housing wall such that the width
of the wall is greater at the high voltage end.

The voltages applied to the high voltage end of the
resistor during operation are sufficiently high to cause
high voltage corona to occur around the resistive path
in the absence of some corona prevention means. In the
presence of corona, atmospheric nitrogen will combine
with water vapor to form nitrous acid and atmospheric
oxygen will form ozone. Since both of these materials
are extremely chemically active with materials such as
the resistance material and insulation, it is necessary to
provide some means for both preventing the formation
of high voltage corona around the resistive path and
eliminating the formation of nitrous acid and ozone in
the event corona does occur. By providing a uniform
voltage gradient along a resistive path devoid of abrupt
changes, the likelihood of corona occurring is reduced.
Additionally, the dielectric material 44 serves as a di-
electric barrier between adjacent turns of the serpen-
tine path further reducing the likelihood of corona oc-
curring. Even if corona occurs the dielectric material
44 forms a moisture impervious barrier around the re-
sistive path thus preventing the presence of atmo-
spheric nitrogen and oxygen in the area where corona
occurs. Since the dielectric material is filled from the
low voltage end of the substrate 14, it will be appreci-
ated that the maximum density of the material will be
at the high voltage end of the substrate thus reducing
the possibility of gas pockets forming adjacent the high
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voliage end and improving the dielectric strength at the

high voltage end which is desirable as the likelihood of
corona occurring is greatest at the high voltage end.
‘The preferred embodiment of the inventive method
of the present invention comprises depositing a resis-
tance material 16 in a serpentine path on a cylindrical
dielectric substrate 14 thereby defining a resistive path.
Solderable conductive pads 17, 18 are deposited on the
substrate 14 in electrical connection with the resistive
path and insulated lead wires 21, 22 are soldered to the
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pads. Additionally, a solderable conductive pad 26 is -

deposited on the low voltage end of the substrate and
a heat dissipating mounting member 27 having an aper-
ture 29 therein is soldered to the solderable conductive
pad 26 with the aperture 29 in communication with the
interior of the substrate 14. Once the insulated lead
wires 21, 22 are secured to the conductive pads 17, 18
and the heat dissipating mounting member 27 is se-
cured to the low voltage end of the substrate, the subas-
sembly is positioned in a cylindrical housing of dielec-
tric material with the lead wire 21 adjacent the high
voltage end being disposed in an aperture 12 in the
housing. The point of electrical connection 39 between
the insulated lead wire 21 at the high voltage end of the
substrate and the solderable conductive pad 17 is accu-
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rately positioned relative to fins 37 projecting from the
inner wall of the housing by means of a locating lug 38
projecting outwardly from the exterior of the housing.
Thus the point of electrical connection 39 is guaran-
teed to be centered between two of the projections 37
and spaced from the wall of the housing. A heat shrink-
able sleeve 41 is positioned over a tubular projection
40 defining the aperture 12 and over the insulated lead
wire 21 and heat shrunk into tight engagement with the
tubular projection and insulated lead wire. Alterna-
tively, the tubular projection can be spin welded to the
insulation of the insulated lead wire 21. Dielectric ma-
terial 44 is then injected into the housing through the
aperture in the heat dissipating mounting member 27
whereby the material passes through the hollow sub-
strate and enters the space between the resistive path
and the housing.

While there has been illustrated and described what
is at present considered to be a preferred embodiment
of the present invention, it will be appreciated that nu-
merous changes and modifications are likely to occur
to those skilled in the art, and it is intended in the ap-
pended claims to cover all those changes and modifica-
tions which fall within the true spirit and scope of the
present invention.

What is claimed as new and desired to be secured by
Letters Patent of the United States is:

1. A high voltage resistor comprising a cylindrical
housing of dielectric material having an inner wall ex-
tending longitudinally of the housing, a high heat resis-
tant dielectric cylindrical substrate disposed within said
housing, the substrate being provided with a cylindrical
opening extending longitudinally through the substrate,
a resistive path supported on the substrate, termination
means electrically connected to the resistive path, said
resistive path having a high voltage end and a low volt-
age end, positioning means for maintaining said high
voltage end of the resistive path spaced from the wall
of said housing, said positioning means being provided
with at least one opening between said high voltage end
of said resistive path and the wall of said housing, the
cylindrical opening in the substrate communicating
with the one opening, and dielectric material disposed
between said resistive path and the wall of said housing
and forming a moisture impervious barrier around said
resistive path.

2. The high voltage resistor of claim 1, wherein said
positioning means comprises a plurality of projections
extending from said housing into engagement with said
substrate. ‘

3. The high voltage resistor of claim 2, wherein sec-
ond positioning means spaces the resistive path at said
low voltage end from the wall of the housing.

4. The high voltage resistor of claim 3, wherein said
second positioning means comprises a mounting mem-
ber bearing against said substrate and engaging the wall
of said housing.

5. The high voltage resistor of claim 4, wherein said
mounting member has a latching tab projecting out-
wardly from said housing and a screw tab having an ap-
erture therethrough extending outwardly from said
housing for securing said resistor to a mounting panel.

6. The high voltage resistor of claim 5, wherein said
latching tab has an angled portion bent at an angle to
said mounting member and a lateral portion extending
outwardly of said housing from said angled portion.
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7. The high voltage resistor of claim 4, wherein a
thermally conductive bonding material secures the
mounting member and substrate in fixed assembled re-
lationship, said bonding material providing a thermally
conductive path for dissipating heat from the substrate
to the mounting member.

8. The high voltage resistor of claim 1, wherein said
housing has an aperture in one end and an opening in
the other end, said termination means including an in-
sulated lead wire electrically connected to said resistive
path adjacent said high voltage end and projecting
through said aperture, said lead wire substantiaily seal-
ing said aperture.

9. The high voltage resistor of claim 8, wherein said
housing is provided with a tubular projection defining
said aperture, and a sleeve is disposed over said projec-
tion and engages said insulated lead wire to completely
seal said aperture.

10. The high voltage resistor of claim 8, wherein said
housing is provided with a tubular projection defining
said aperture, and said tubular projection is welded to
the insulation of said insulated wire.

11. The high voltage resistor of claim 8, wherein sec-
ond positioning means is provided for maintaining the
resistive path at said low voltage end spaced from the
wall of said housing and comprises a mounting member
electrically connected to said resistance path.

12. The high voltage resistor of claim 2, wherein said
termination means includes an insulated lead wire elec-
trically connected to the resistive path adjacent said
high voltage end, the point of electrical connection be-
tween the insulated lead wire and the resistive path
being positioned between two of said projections.

13. The high voltage resistor of claim 1, wherein said
termination means includes a tap comprising an insu-

lated lead wire electrically connected to the resistive -

path intermediate the high voltage end and the low
voltage end, said substrate providing a continuous heat
transfer path from said high voltage end to said low
voltage end. ,

14. The high voltage resistor of claim 13, wherein
said insulated lead wire is disposed adjacent said resis-
tive path and passes between the wall of the housing
and said low voltage end.

15. The high voltage resistor of claim 2, wherein said
termination means includes an insulated lead wire elec-
trically connected to said resistive path adjacent said
high voltage end, said projections spacing the point of
electrical connection between the lead wire and the re-
sistive path from the wall of the housing, said dielectric
material surrounding the point of electrical connection.

16. The high voltage resistor of claim 15, wherein
said housing has an indicator lug projecting therefrom
indicating the position of said projections whereby said
insulated lead wire is accurately positioned relative to
said projections.

17. A high voltage resistor comprising a cylindrical
housing of dielectric material, a high heat resistant di-
electric cylindrical substrate disposed within said hous-
ing, a resistive path supported on the substrate, termi-
nation means electrically connected to the resistive
path, said substrate having a high voltage end and a low
voltage end, said housing having an aperture in one end
and an opening in the other end, a plurality of projec-
tions extending from said housing adjacent said one
end into engagement with said substrate adjacent said
high voltage end whereby said resistive path at said
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high voltage end is spaced from the wall of the housing,
said termination means including an insulated lead wire
electrically connected to said resistive path adjacent
said high voltage end, said insulated lead wire passing
through and substantially sealing said aperture, a
mounting member bearing against said low voltage end
and frictionally engaging the housing adjacent said
other end maintaining the resistive path at said low
voltage end spaced from the wall of the housing, and
dielectric material positioned between said resistive
path and the wall of said housing, said dielectric mate-
rial forming a moisture impervious barrier around said
resistive path. .

18. The method of manufacturing a high voltage re-
sistor comprising the steps of:

depositing a resistance material on a hollow dielec-

tric cylindrical substrate thereby defining a resis-
tive path,

applying termination means to said resistive path,

securing a mounting bracket having an aperture

therein to one end of said substrate with said aper-
ture being in communication with the interior of
said substrate,
centering said substrate relative to the walls of a cy-
lindrical housing of dielectric material having an
aperture in one end and an opening. of sufficient
size to receive said substrate in the other end,

positioning said substrate within said housing with
said one end of said substrate adjacent said open-
ing, said mounting bracket being in frictional en-
gagement with said housing, said resistive path
being spaced from the walls of said housing,

sealing substantially the aperture in said housing, and

injecting a dielectric material through the aperture in
said mounting bracket whereby said material
passes through said substrate and enters the space
between the resistive path and. the walls of said
housing.

19. The method of claim 18, wherein the step of ap-
plying termination means to said resistive path com-
prises securing an insulated lead wire to the other end
of said substrate in electrical connection with said resis-
tive path.

20. The method of claim 19, wherein the step of cen-
tering the substrate relative to the walls of a cylindrical
housing comprises nesting the other end of the sub-
strate against a plurality of projections in the housing
with said insulated lead wire disposed between two of
said projections.

21. The method of claim 19, wherein the step of seal-
ing substantially the aperture in said housing comprises
placing said lead wire through the aperture in said
housing.

22. The method of claim 21, wherein the housing is
provided with a tubular projection defining said aper-
ture in the one end of the housing, and including the
additional steps of applying a heat shrinkable tubing
over said lead wire and the projection, and shrinking
said tubing into engagement with the tubing and the
lead wire to seal the aperture.

23. The method of claim 21, wherein the housing is
provided with a tubular projection defining said aper-
ture in the one end of the housing, and including the
additional step of welding said projection to the insula-

tion of said insulated lead wire.
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