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FIG. 63

Retrofit Protected Capacitor
Method

Configure a printed circuit board (PCB) to contain
a transient voliage surge suppressor (TVS) and
semiconductor P-N dicde (PND)

6301 electrically series coupled between
a first input+output connector (FIC/FOC) and a
second inpul/output connector (SIC/SQC)
on the PCB

'

Electrically and mechanically couple a
first capacitor connection (FTC) of a
non-polarized capacitor (NPCY 1o a

first output connector (FOC) of the PCB

8302-X

Y
Electrically and mechanically couple a
second capacitor connection (STC) of the
non-polarized capacitor (NPCY o a
second output connector (SOC) of the PCB

'

Electrically couple the first input connector (FIC) l

6303

8304x of the printed circuit board (PCB) o a
source of electrical power

'

Electrically couple the second input connector (SIC) I

8305 of the printed circuit board (PCB) to an
electrical load device
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FIG. 64
Integrated Protected Capacitor
Method

Place a non-polarized capacitor (NPC) and
printed circuit board (PCB) comprising
a transient voltage surge suppressor (TVS) and
8401 semiconductor P-N diode (PND)
within a capacitor enciosure (CPE) shell
comprising an open cavity end (OCE) and
an open cavity void (OCV)
L]

Electrically couple a first terminal connection (FTC) |

B8402X of the capacitor cover (CPC) 1o
a first input connector (FIC) of the PCB

L]

Electrically couple a second terminal connection (8TC) |

6403X of the capacitor cover (CPC) to
a second input connector (SIC) of the PCB
Y
Cover the open cavity end (OCE) of the
capacitor enclosure (CPE) with a
8404-X capacitor cover (CPC) and
sealing the capacitor cover (CPC) to the
capacitor enclosure (CPE)
Y
Configure the capaciior cover (CPC)
to electrically couple a
6405X first terminal connection (FTC) of the
capacitor cover (CPC) to a
source of electrical power
Y
Configure the capacitor cover (CPC) to
electrically couple a
5406~ second terminal connection (STC) of the
capacitor cover (CPC) to an
electrical load device
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States and of other countries. As of the first effective filing
elate of the present application, this material is protected as
unpublished material.

However, permission to copy this material is hereby
granted to the extent that the copyright owner has no
objection to the facsimile reproduction by anyone of the
patent documentation or patent disclosure, as it appears in
the United States Patent and Trademark Office patent file or
records, but otherwise reserves all copyright rights whatso-
ever.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

Not Applicable

REFERENCE TO A MICROFICHE APPENDIX

Not Applicable

FIELD OF THE INVENTION

The present invention relates generally to providing a
transient voltage surge suppressor protection mechanism for
RUN and/or START capacitors that are used with AC motors
in order to improve the overall performance and reliability
of these capacitors and prevent AC motor damage caused by
failure of these capacitors in the field.

PRIOR ART AND BACKGROUND OF THE
INVENTION

Overview (0100)

As generally depicted in FIG. 1 (0100), modern AC
motors (0110) that are used in a variety of applications
(including but not limited to HVAC air conditioning/heat
pump compressors) are supplied AC power (0101) that is
typically controlled by a switch or power contactor (0102).
As power is applied to the electric motor (0110), the motor
rotor (0111) is driven directly by a MAIN winding (0112)
but also a START/AUX winding (0113). Under normal
operating conditions a RUM capacitor (0119) supplies cur-
rent to the START/AUX winding (0113) to enable the motor
rotor (0111) to rotate at its rated rotational speed,

START Capacitor Configuration (0200)

As generally depicted in FIG. 2 (0200), another common
motor configuration is encountered wherein the START/
AUX winding (0213) may be activated by an optional
startup circuit (0214) comprising a centrifugal switch (0215)
that is mechanically tied to the motor rotor (0211) that
switches in a START capacitor (0216) to supply current, to
the START/AUX winding (0213) until the motor rotor
(0211) rotational speed reaches a set value and then the
START capacitor (0216) is disconnected from the circuit by
the centrifugal switch (0215). The optional startup circuit
(0214) comprising the centrifugal switch (0215) and START
capacitor (0216) may be omitted as depicted in FIG. 1
(0100) depending on the electric motor (0210) application
context.

Run Capacitor Configurations (0300)-(1000)

The RUN capacitor used as described in FIG. 1 (0100)
and FIG. 2 (0200) may take a variety of physical forms,
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capacitance values, and working voltages. As generally
depicted in FIG. 3 (0300)-FIG. 4 (0400), a common con-
figuration is illustrated in which the capacitor enclosure
forms a stadium oval. As the stadium width of this configu-
ration is reduced the structure becomes circular in form. In
some configurations this physical form may incorporate
multiple capacitors as depicted in FIG. 5 (0500)-FIG. 6
(0600) wherein multiple capacitors may be encased in the
same enclosure with a common (COM) electrical connec-
tion, wherein a stadium-form enclosure supports two capaci-
tors internally connected to support a dual capacitance
structure having COMMON (C), FAN (F), and HERMETI-
CALLY SEALED COMPRESSOR (HERM) connections.
In this common multi-capacitance configuration example
the FAN (F) and HERMETICALLY SEALED COMPRES-
SOR (HERM) connections support separate electric motors
in a RVAC air conditioning/heat pump system that are used
respectively with the HVAC condenser fan motor and the
HVAC compressor motor.

FIG. 7 (0700)-FIG. 8 (0800) depicts another commonly
occurring enclosure in the form of a cylinder. While this
configuration comprise a single two-terminal capacitor
structure, multiple terminals may be utilized to incorporate
additional capacitors as depicted in FIG. 9 (0000)-FIG. 10
(1000). In some cases multiple capacitors may be encased in
the same enclosure with a common (COM) electrical con-
nection, as depicted in FIG. 9 (0900)-FIG. 10 (1000)
wherein a cylindrical-form enclosure supports two capaci-
tors internally connected to support a dual capacitance
structure having COMMON (C), FAN (F), and HERMETI-
CALLY SEALED COMPRESSOR (HERM) connections.
In this common multi-capacitance configuration example
the FAN (F) and HERMETICALLY SEALED COMPRES-
SOR (HERM) connections support separate electric motors
in a HVAC air conditioning/heat, pump system that are used
respectively with the HVAC condenser fan motor and the
HVAC compressor motor.

An extension of the configurations depicted FIG. 5
(0500)-FIG. 6 (0600) and FIG. 9 (0900)-FIG. 10 (1000)
exists in which some capacitor configurations have more
than two internal capacitor connections as generally
depicted in FIG. 11 (1100)-FIG. 12 (1200). In some of these
configurations the internal capacitor connections are utilized
to enable a single capacitor physical form to be field-
configured as to the operational capacitance value by select-
ing two or three taps internally on the capacitor for connec-
tion to the electric motor based on the desired capacitance
value required by the electric motor. This is multi-cap
capacitor structure is described in U.S. Pat. Nos. 3,921,041;
4,028,595; 4,263,638; 4,312,027, 4,352,145; 5,313,360;
6,014,308 7,203,053; 7,423,861; 7,474,519, 7,835,133,
8,891,224 and is typically commercially implemented with
capacitor tap values of 2.5, 5, 5, 10, 20, and 25 microfarads.
One skilled in the art will be able to apply the teachings of
the present invention to any of the physical capacitor struc-
tures depicted in FIG. 3 (0300)-FIG. 12 (1200).

Typical Functional Parameters

RUN capacitors may take a variety of physical forms, but
are generally have a cylindrical diameter of from 1.5-3.0
inches and a cylinder length of from 2.0-6.0 inches for
cylindrically formed enclosures and stadium-formed capaci-
tors typically have a thickness from 1.0-3.0 inches, a width
of 1.5-4.0 inches, and a length of 2.0-6.0 inches. Typical
RUN capacitors have a capacitance in the range of 1
microfarad to 100 microfarads and a working voltage of 270
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VAC or 440 VAC. In all of these configurations, the con-
ventional connection mechanism for these capacitors takes
the form of a 0.25-inch wide male spade lug, although in
some circumstances direct wiring to the capacitor is avail-
able.

The electrical connections to these capacitors are insu-
lated from the capacitor enclosure which is normally con-
structed of 0.062-inch or thinner metal (typically aluminum
or steel). Electrical insulators in this common configuration
are sealed to the top cap of the metal enclosure as the
enclosure itself is filled with dielectric oil that insulates the
internal capacitor plates, isolates these conductors from the
metal capacitor enclosure, and provides for heat transfer
from the internal capacitor components to the metal capaci-
tor enclosure as an aid in dissipating internal capacitor losses
that are manifested as heat within the internal capacitor
structure.

Failure Mechanisms

The focus of the present invention is protection of the
RUN capacitor (0119, 0219). This capacitor sources current
continuously to the START/AUX winding (0113, 0213) and
as such is subject to a variety of transient voltage spikes
caused by the quality of the AC power input (0101, 0201)
and/or make/break electrical connections caused by
mechanical operation of the power switch/contactor (0102,
0202). While the RUN capacitor (0119, 0219) typically has
a working voltage of 370-440 VAC in operating environ-
ments where the AC power input (0101, 0201) is 240-330
VAC, this overvoltage margin has proven to be insufficient
to prevent transient overvoltages from occurring across the
RUN capacitor (0119, 0219) which generate partial dis-
charges within the capacitor dielectric and eventually cause
the capacitor to lose effective capacitance, incur excessive
internal series resistance, and/or fail due to a puncture
shorting of the capacitor plates through the insulating dielec-
tric of the capacitor.

Field reliability studies have shown that the RUN capaci-
tor (0119, 0219) has a high probability of failure in any
electric motor (0110, 0210) system, and this failure prob-
ability is especially high in harsh environment applications
that are normally associated with HVAC air conditioner/heat
pump compressor motors and the like. The additional para-
sitic lead inductance (0117, 0118, 0217, 0218) caused by
wiring that connects the RUN capacitor (0119, 0219) to the
electric motor (0110, 0210) can also cause voltage ringing in
the RUN capacitor (0119, 0219) (in conjunction with the
parasitic inductors (0117, 0217) and (0118, 0218) associated
with wiring of the RUN capacitor (0119, 0219) to the
remaining components in the electric motor system) that can
induce overvoltages in the RUN capacitor (0119, 0219)
leading to device failure. The environmental temperature
extremes in which the RUN capacitor (0119) operates and
external system mechanical vibration can cause internal
mechanical movement in the capacitor also causing over-
voltage transients to degrade the capacitor operation. Inter-
nal series resistance losses in the RUN capacitor (0119,
0219) can also cause similar temperature-related overvolt-
age failure mechanisms to occur.

Cost of Failure

In a typical application context the RUN capacitor is
purchased from a number of manufacturers and it is difficult
to predict the mean time between failure (MTBF) for a given
capacitor purchased and installed on an electric motor
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system. However, field studies have indicated that in general
the quality of RUN capacitors has deteriorated in recent
years due in part to quality control issues with foreign
manufacturing plants. As a result the incidents of RUN
capacitor replacement have increased over time as domestic
manufacturers have become a smaller part of the capacitor
supplier market. For this reason the overall maintenance cost
of many electric motor systems has increased over time due
to the increased number of service calls due to capacitor
failure. This increased capacitor failure rate has also resulted
in increased electric motor damage and a resulting higher
overall maintenance cost for electric motor systems employ-
ing RUN and/or START capacitors.

Since the sources for RUN capacitors are limited, any
solution to overcoming the MTBF problem with current
RUN capacitors must address scenarios in which existing
RUN capacitors with poor reliability/manufacturing pro-
cesses can be protected from premature failure in the field.

Objectives of the Invention

Accordingly, the objectives of the present invention are
(among others) to circumvent the deficiencies in the prior art
and affect the following objectives:

(1) Provide for a protected capacitor system and method
that reduces voltage transients across RUN and/or
START capacitors used in conjunction with an AC
motor,

(2) Provide for a protected capacitor system and method
that can be retrofit to existing RUN and/or START
capacitors used in corn unction with an AC motor.

(3) Provide for a protected capacitor system and method,
that can be integrated within RUN and/or START
capacitors used in conjunction with an AC motor.

(4) Provide for a protected capacitor system and method
that provides for improved reliability over existing
RUN and/or START capacitors used in conjunction
with an AC motor.

While these objectives should not be understood to limit
the teachings of the present invention, in general these
objectives are achieved in part or in whole by the disclosed
invention that is discussed in the following sections. One
skilled in the art will no doubt be able to select aspects of the
present invention as disclosed to affect any combination of
the objectives described above.

BRIEF SUMMARY OF THE INVENTION
System Overview

The present invention overcomes the disadvantages of
currently available RUN/START capacitor systems by
shunting the capacitor with a series combination of one or
more surge suppression devices (SSDs) proximally located
and in parallel with the capacitor structure to produce an
overall protected capacitor structure having enhanced reli-
ability and simultaneous ability to resist transient overvolt-
age conditions.

The SSDs are formed from series combinations of tran-
sient voltage surge suppressors (TVSs) (metal oxide varistor
(MOV), diode for alternating current (DIAC), and/or silicon
diode for alternating current (SIDAC)) and corresponding
shunt diode rectifiers (SDRs) and placed in parallel across
the capacitor structure to locally suppress voltage transients
across the capacitor structure in excess of the voltage rating
of the capacitor structure.
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The parallel shunting TVS/SDR pairs may be integrated
into a printed circuit board (PCB) assembly that is externally
attached to the capacitor structure or encapsulated in an
enclosure incorporating the capacitor structure. The parallel
shunting TVS/SDR pairs may be integrated into unified
structures in some situations to improve space efficiency and
economic performance of the overall transient protection
system.

Method Overview

The present invention system may be utilized in the
context of an overall protected capacitor method, wherein
the TVS/SDR pair is incorporated within the context of a
printed circuit board (PCB) that mechanically connects to
the electrical contacts of an existing capacitor structure to
provide proximal transient voltage protection for the capaci-
tor. In these situations an existing capacitor may be retrofit
to incorporate improved transient protection via the use of a
piggy-back PCB that provides for mating to electrical con-
tacts of an existing capacitor structure on one side of the
PCB and provides replacement contacts mimicking the
original capacitor on the other side of the PCB. In these
circumstances wiring from the original capacitor can be
removed, the piggy-back PCB installed on the capacitor, and
the original wiring connected to the piggy-back PCB to
complete the performance reliability upgrade to the existing
capacitor.

BRIEF DESCRIPTION OF THE DRAWINGS

For a fuller understanding of the advantages provided by
the invention, reference should be made to the following
detailed description together with the accompanying draw-
ings wherein:

FIG. 1 illustrates a system block diagram of a typical prior
art electric motor incorporating a RUN capacitor;

FIG. 2 illustrates a system block diagram of a typical prior
art electric motor incorporating a RUN capacitor and a
START capacitor;

FIG. 3 illustrates a top right front perspective view of a
prior art stadium-form RUN capacitor;

FIG. 4 illustrates top and top perspective detail views of
a prior art stadium.-form RUN capacitor;

FIG. 5 illustrates a top right front perspective view of a
prior art stadium-form FAN+COMPRESSOR capacitor;

FIG. 6 illustrates top and top perspective detail views of
a prior art stadium-form FAN+COMPRESSOR capacitor;

FIG. 7 illustrates a top right front perspective view of a
prior art cylindrical-form BUN capacitor;

FIG. 8 illustrates top and top perspective detail views of
a prior art cylindrical-form RUN capacitor;

FIG. 9 illustrates a top right front perspective view of a
prior art cylindrical-form RUN capacitor showing COM,
FAN, and HERMETICALLY SEALED COMPRESSOR
connections;

FIG. 10 illustrates top detail views of a prior art. cylin-
drical-form RUN capacitor showing COM, FAN, and HER-
METICALLY SEALED COMPRESSOR connections;

FIG. 11 illustrates a top right front perspective view of a
prior art cylindrical-form multi-tap capacitor;

FIG. 12 illustrates top detail views of a prior art cylin-
drical-form multi-tap capacitor;

FIG. 13 illustrates a preferred exemplary invention sys-
tem context in which a RUN capacitor is augmented with a
diode-MOV (DMV) structure to produce a protected capaci-
tor system;
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FIG. 14 illustrates several preferred exemplary embodi-
ments of the diode-MOV (DMV) structure used to provide
protection for a capacitor;

FIG. 15 illustrates a system block diagram depicting a
retrofit protection application context where the present
invention is applied to an existing non-polarized RUN
capacitor;

FIG. 16 illustrates a system block diagram depicting an
integrated protection application context where the present
invention is applied within the enclosure of a non-polarized
RUN capacitor;

FIG. 17 illustrates a top right front perspective view of a
preferred exemplary invention system embodiment imple-
mented as a retrofit PCB in combination with a stadium-
form non-polarized capacitor;

FIG. 18 illustrates a top right rear perspective view of a
preferred exemplary invention system embodiment imple-
mented as a retrofit PCB in combination with a stadium-
form non-polarized capacitor;

FIG. 19 illustrates a top right front perspective assembly
view of a preferred exemplary invention system embodi-
ment implemented as a retrofit RGB in combination with a
stadium-form non-polarized capacitor;

FIG. 20 illustrates a bottom right front perspective assem-
bly view of a preferred exemplary invention system embodi-
ment implemented as a retrofit PCB in combination with a
stadium-form non-polarized capacitor;

FIG. 21 illustrates a top right rear perspective assembly
view of a preferred exemplary invention system embodi-
ment implemented as a retrofit PCB in combination with a
stadium-form non-polarized capacitor;

FIG. 22 illustrates a bottom right rear perspective assem-
bly view of a preferred exemplary invention system embodi-
ment implemented as a retrofit PCB in combination with a
stadium-form non-polarized capacitor;

FIG. 23 illustrates a top view of a preferred exemplary
invention system embodiment depicting an isolated view of
a retrofit PCB that is used in combination with a stadium-
form non-polarized capacitor;

FIG. 24 illustrates a bottom view of a preferred exemplary
invention system embodiment depicting an isolated view of
a retrofit PCB that is used in combination with a stadium-
form non-polarized capacitor;

FIG. 25 illustrates a top right front perspective view of a
preferred exemplary invention system embodiment imple-
mented as a retrofit PCB in combination with a cylinarical-
form non-polarized capacitor;

FIG. 26 illustrates a top right rear perspective view of a
preferred exemplary invention system embodiment imple-
mented as a retrofit PCB in combination with a cylindrical-
form non-polarized capacitor;

FIG. 27 illustrates a top right front perspective assembly
view of a preferred exemplary invention system embodi-
ment implemented as a retrofit PCB in combination with a
cylindrical-form non-polarized capacitor;

FIG. 28 illustrates a bottom right front perspective assem-
bly view of a preferred exemplary invention system,
embodiment implemented as a retrofit PCB in combination
with a cylindrical-form non-polarized capacitor;

FIG. 29 illustrates a top right rear perspective assembly
view of a preferred exemplary invention system embodi-
ment implemented as a retrofit PCB in combination with a
cylindrical-form non-polarized capacitor;

FIG. 30 illustrates a bottom right rear perspective assem-
bly view of a preferred exemplary invention system,
embodiment implemented as a retrofit PCB in combination
with a cylindrical-form non-polarized capacitor;
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FIG. 31 illustrates a top view of a preferred exemplary
invention system embodiment depicting an isolated view of
a retrofit PCB that is used in combination with a cylindrical-
form non-polarized capacitor;

FIG. 32 illustrates a bottom view of a preferred exemplary
invention system embodiment depicting an isolated view of
a retrofit PCB that is used in combination with a cylindrical-
form non-polarized capacitor;

FIG. 33 illustrates a top right front perspective view of a
preferred exemplary invention system embodiment imple-
mented as an integrated cylindrical-form capacitor structure
incorporating integral transient protection;

FIG. 34 illustrates a top view, bottom view, front side
view, and right side view of a preferred exemplary invention
system embodiment implemented as an integrated cylindri-
cal-form capacitor structure incorporating integral transient
protection;

FIG. 35 illustrates a top right front perspective front
section view of a preferred exemplary invention system
embodiment implemented as an integrated cylindrical-form
capacitor structure incorporating integral transient protec-
tion;

FIG. 36 illustrates a front section view of a preferred
exemplary invention system embodiment implemented as an
integrated cylindrical-form capacitor structure incorporating
integral transient protection;

FIG. 37 illustrates a top right front perspective right
section view of a preferred exemplary invention system
embodiment implemented as an integrated cylindrical-form
capacitor structure incorporating integral transient protec-
tion;

FIG. 38 illustrates a right section view of a preferred
exemplary invention system embodiment implemented as an
integrated cylindrical-form capacitor structure incorporating
integral transient protection;

FIG. 39 illustrates a top right front perspective top section
view of a preferred exemplary invention system embodi-
ment implemented as an integrated cylindrical-form capaci-
tor structure incorporating integral transient protection;

FIG. 40 illustrates a top right front perspective and bottom
right front perspective assembly and section views of a
preferred exemplary invention system embodiment imple-
mented as an integrated cylindrical-form capacitor structure
incorporating integral transient protection;

FIG. 41 illustrates a top right front perspective view of a
preferred exemplary invention system embodiment imple-
mented as an integrated protective structure on a printed
circuit board (PCB) incorporating discrete diode and TVS
protective components;

FIG. 42 illustrates a top view of a preferred exemplary
invention system embodiment implemented as an integrated
protective structure on a printed circuit board (PCB) incor-
porating discrete diode and TVS protective components;

FIG. 43 illustrates a bottom right front perspective view
of a preferred exemplary invention system embodiment
implemented as an integrated protective structure on a
printed circuit board (PCB) incorporating discrete diode and
TVS protective components;

FIG. 44 illustrates a bottom view of a preferred exemplary
invention system embodiment implemented as an integrated
protective structure on a printed circuit board (PCB) incor-
porating discrete diode and TVS protective components;

FIG. 45 illustrates a top right front perspective view of a
preferred exemplary invention system embodiment imple-
mented as an integrated protective structure on a printed
circuit board (PCB) incorporating bridge rectifier diode and
TVS protective components;
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FIG. 46 illustrates a top view of a preferred exemplary
invention system embodiment implemented as an integrated
protective structure on a printed circuit board (PCB) incor-
porating bridge rectifier diode and TVS protective compo-
nents;

FIG. 47 illustrates a bottom right front perspective view
of a preferred exemplary invention system embodiment
implemented as an integrated protective structure on a
printed circuit board (PCB) incorporating bridge rectifier
diode and TVS protective components;

FIG. 48 illustrates a bottom view of a preferred exemplary
invention system embodiment implemented as an integrated
protective structure on a printed circuit board (PCB) incor-
porating bridge rectifier diode and TVS protective compo-
nents;

FIG. 49 illustrates a top right front perspective view of a
preferred exemplary invention system embodiment imple-
mented as an integrated protective structure on a printed
circuit board (PCB) incorporating MOV +diode integrated
protective devices;

FIG. 50 illustrates a top view of a preferred exemplary
invention system embodiment implemented as an integrated
protective structure on a printed circuit board (PCB) incor-
porating MOV +diode integrated protective devices;

FIG. 51 illustrates a bottom right front perspective view
of a preferred exemplary invention system embodiment
implemented as an integrated protective structure on a
printed circuit board (PCB) incorporating MOV +diode inte-
grated protective devices;

FIG. 52 illustrates a bottom view of a preferred exemplary
invention system embodiment implemented as an integrated
protective structure on a printed circuit board (PCB) incor-
porating MOV +diode integrated protective devices;

FIG. 53 illustrates a top right front perspective view of a
preferred exemplary invention system embodiment imple-
mented as an integrated protective structure on a printed
circuit board (PCB) incorporating an integrated MOV+PN+
PN+MOV device;

FIG. 54 illustrates a top view of a preferred exemplary
invention system embodiment implemented as an integrated
protective structure on a printed circuit board (PCB) incor-
porating an integrated MOV+PN+PN+MOV device;

FIG. 55 illustrates a bottom right front perspective view
of a preferred exemplary invention system embodiment
implemented as an integrated protective structure on a
printed circuit board (PCB) incorporating an integrated
MOV +PN+PN+MOV device;

FIG. 56 illustrates a bottom view of a preferred exemplary
invention system embodiment implemented as an integrated
protective structure on a printed circuit board (PCB) incor-
porating an integrated MOV+PN+PN+MOV device;

FIG. 57 illustrates a top right front perspective view and
a top right front perspective front section view of a preferred
exemplary invention integrated capacitor system embodi-
ment implemented detailing the capacitor cover, terminal
posts, insulating spacers, and conductive connectors;

FIG. 58 illustrates a bottom right front perspective view
and a bottom right front perspective right section view of a
preferred exemplary invention integrated capacitor system
embodiment implemented detailing the capacitor cover,
terminal posts, insulating spacers, and conductive connec-
tors;

FIG. 59 illustrates a top right front perspective assembly
view a of a preferred exemplary invention integrated capaci-
tor system embodiment implemented detailing the capacitor
cover, terminal posts, insulating spacers, and conductive
connectors;
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FIG. 60 illustrates a bottom right front perspective assem-
bly view a of a preferred exemplary invention integrated
capacitor system embodiment implemented detailing the
capacitor cover, terminal posts, insulating spacers, and con-
ductive connectors;

FIG. 61 illustrates a top right front perspective view and
a bottom right front perspective view of a preferred exem-
plary invention integrated capacitor system embodiment
implemented detailing the upper capacitor insulating cap
spacer;

FIG. 62 illustrates a top right front perspective view and
a bottom right front perspective view of a preferred exem-
plary invention integrated capacitor system embodiment
implemented detailing the lower capacitor insulating cap
spacer;

FIG. 63 illustrates a flowchart depicting a preferred exem-
plary invention method supporting retrofitting of existing
capacitors to produce a protected capacitor system; and

FIG. 64 illustrates a flowchart depicting a preferred exem-
plary invention method supporting integrating capacitor
protection within the enclosure of a capacitor.

DESCRIPTION OF THE PRESENTLY
PREFERRED EXEMPLARY EMBODIMENTS

While this invention is susceptible of embodiment in
many different forms, there is shown in the drawings and
will herein be described in detailed preferred embodiment of
the invention with the understanding that the present dis-
closure is to be considered as an exemplification of the
principles of the invention and is not intended to limit the
broad aspect of the invention to the embodiment illustrated.

The numerous innovative teachings of the present appli-
cation will be described with particular reference to the
presently preferred embodiment, wherein these innovative
teachings are advantageously applied to the particular prob-
lems of a PROTECTED CAPACITOR SYSTEM AND
METHOD. However, it should be understood that this
embodiment is only one example of the many advantageous
uses of the innovative teachings herein. In general, state-
ments made in the specification of the present application do
not necessarily limit any of the various claimed inventions.
Moreover, some statements may apply to some inventive
features but not to others.

Capacitor Exterior Surface Types

The present invention a wide variety of exterior surface
profiles that may be used with the capacitor structures
described herein. Specifically, and without limitation, the
present invention anticipates that the exterior surface pro-
files of the capacitor enclosures described herein may be of
cylindrical-form (in which the capacitor enclosure forms a
cylindrical tube with one closed end and is used to contain
an internal capacitor structure having solid cylindrical form)
or of stadium-form, (in which the capacitor enclosure forms
a geometric shape constructed of a rectangle with semi-
circles at a pair of opposite sides and is used to contain an
internal capacitor structure having either a solid cylindrical
form or a solid stadium form). The geometric stadium form
is also alternatively referred to as a discorectangle form and
obround form in the literature.

Shunt Diode Rectifier (SDR) Not Limitive

The present invention anticipates a wide variety of shunt
diode rectifiers (SDRs) may be used to implement the
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present invention. In many preferred embodiments, this
SDR structure comprises a semiconductor P-N junction
diode and/or a Schottky diode rectifier.

TVSS Not Limitive

The present invention anticipates that a wide variety of
Transient Voltage Surge Suppressor (TVS) technologies
may be used to implement various embodiments of the
present invention and makes no limitation on the particular
type of TVSS that may be used to construct various inven-
tion embodiments.

In many preferred invention embodiments the TVS struc-
ture may comprise a metal oxide varistor (MOV), a diode for
alternating current (DIAC), a silicon diode for alternating
current (SIDAC), and/or combinations of these devices.

System Overview (1300)-(1600)

Exemplary System Application Context (1300)

The present invention may be best understood by inspec-
tion of the system overview depicted in FIG. 13 (1300)
wherein the prior art motor electrical system depicted in
FIG. 1 (0100) has been augmented with a protected capaci-
tor system comprising HUH capacitor (1319) and a shunt
protective diode-MOV (DMV) (1320). The diode-MOV
(DMV) (1320) shunts the RUN capacitor (1319) and pro-
vides a path for transient overvoltages appearing across the
RUN capacitor (1319) to be shunted through the diode-
MOV (DMV) (1320). The diode-MOV (DMV) (1320) is
located proximally to the terminals of the RUN capacitor
(1319) thus minimizing any inductance associated with
connective wiring. The minimization of stray inductance
allows any resonant behavior associated with the RUN
capacitor (1319) to be minimized and permits the diode-
MOV (DMV) (1320) to be best positioned to eliminate
transient overvoltages that may appear at the terminals of the
RUN capacitor (1319).

Exemplary DMV Structures (1400)

Details of typical implementations of the diode-MOV
(DMV) (1320) structure are generally depicted in FIG. 14
(1400) wherein the diode-MOV (DMV) (1420) is first
shown implemented using discrete components (1430) using
two diodes (1431, 1432) (or multiple diodes connected in
parallel) with series MOV devices (1433, 1434). In an
alternative implementation, a composite diode-MOV
(DMV) (1430) is also shown implemented using an inte-
grated or discrete bridge rectifier (1441) using four diodes
with series MOV devices (1443, 1444).

Piggyback Retrofit Application Context (1500)

The present invention may in some preferred contexts be
implemented as a retrofit design in which an existing non-
polarized capacitor is augmented with a DMV protective
structure as generally depicted in FIG. 15 (1500). Here the
non-polarized capacitor (1511) is attached to the DMV
(1512) via the use of a printed circuit board (PCB) (1513)
via connection terminals or the like.

Integrated Capacitor Application Context (1600)

The present invention may in some preferred contexts be
implemented as an integrated protected capacitor design in
which non-polarized capacitor structure is augmented inter-
nally with a DMV protective structure as generally depicted
in FIG. 16 (1600). Here the non-polarized capacitor (1611)
is attached to the DMV (1612) via the use of a printed circuit
board (PCB) (1613) internal to the capacitor enclosure. This
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may in some circumstances require that the physical size of
the capacitor be increased to accommodate this additional
circuitry.
Integrated DMV Structure

Any of the DMV structures detailed herein may be in
some preferred invention embodiments be implemented
using integrated two-terminal and/or three-terminal diode+
MOV structures as detailed in U.S. Pat. Nos. 9,634,474,
9,093,832; and 9,093,831 which are herein incorporated by
reference.

Retrofit System Description (1700)-(3200)

Stadium-Form Capacitor (1700)-(2400)

As generally depicted in FIG. 17 (1700)-FIG. 24 (2400),
the present invention may be embodied in some application
contexts as a retrofit to existing stadium-form capacitors to
provide a protected capacitor system. Here a printed circuit
board (PCB) (1710) incorporating protective DMV circuitry
is attached to an existing stadium-form capacitor (1720) so
as to protect the stadium-form, capacitor (1720) from tran-
sient overvoltages. In this configuration paralleled dual
diode rectifiers (1711, 1712) are provided in series with the
TVSS devices (1713, 1714) to provide the protection for the
stadium-form capacitor (1720). Circuitry routing for the
system can be discerned from the bottom PCB layout
provided in FIG. 24 (2400) which mimics the circuit layer-
ing on the top layer of the PCB depicted in FIG. 23 (2300).
One skilled in the art will recognize that the anti-paralleled
dual diode rectifiers (1711, 1712) may be equivalently
replaced using discrete diode rectifiers and/or bridge rectifier
components.

It should be noted that in this and other retrofit applica-
tions the PCB (1710) may be directly mated to the capacitor
(1720) such that first and second PCB male input terminals
(1715, 1716) are electrically connected to first and second
PCB female output terminals (2025, 2026) that mate directly
to corresponding spade lug terminals (2135, on the capacitor
(1720). This allows field-retrofit operations in which an
existing stadium-form capacitor (1720) may be retrofit with
the PCB (1710) to form a protected capacitor system.
Cylindrical-Form Capacitor (2500)-(3200)

As generally depicted in FIG. 25 (2500)-FIG. 32 (3200),
the present invention may be embodied in some application
contexts as a retrofit to existing cylindrical-form capacitors
to provide a protected capacitor system. Here a printed
circuit board (PCB) (2510) incorporating protective DMV
circuitry is attached to an existing cylindrical-form capacitor
(2520) so as to protect the cylindrical-form capacitor (2520)
from transient overvoltages. In this configuration anti-par-
alleled dual diode rectifiers (2511, 2512) are provided in
series with the TVSS devices (2513, 2514, 2515, 2516) to
provide the protection for the cylindrical-form capacitor
(2520). Circuitry routing for the system can be discerned
from the bottom PCB layout provided in FIG. 32 (3200)
which mimics the circuit layering on the top layer of the
PCB depicted in FIG. 31 (3100). One skilled in the art will
recognize that the anti-paralleled dual diode rectifiers (2511,
2512) may be equivalently replaced using discrete diode
rectifiers and/or bridge rectifier components.

It should be noted that in this and other retrofit applica-
tions the PCB (2510) may be directly mated to the capacitor
(2520) such that first, second, and third PCB male input
terminals (2517, 2518, 2519) (corresponding to the COM-
MON (COM), FAN MOTOR (FAN), and HERMETI-
CALLY SEALED COMPRESSOR (HERM) capacitor con-
nections) are electrically connected to first and second PCB
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female output terminals (2827, 2828, 2829) that mate
directly to corresponding spade lug terminals (2937, 2938,
2939) on the capacitor (2520). This allows field-retrofit
operations in which an existing cylindrical-form capacitor
(2520) may be retrofit, with the PCB (2510) to form a
protected capacitor system.

Integrated System Description (3300)-(4800)

Integrated Cylindrical-Form Capacitor (3300)-(4000)

The teachings of the present invention may be applied to
an integrated capacitor structure as well as retrofit applica-
tions. As generally depicted in FIG. 33 (3300)-FIG. 40
(4000), an integrated cylindrical capacitor structure may be
constructed in which the overall capacitor system (3310)
may comprise a capacitor enclosure (CPE) (3311) config-
ured as a shell having an external open cavity end (OCE) and
an internal open cavity void (OCV). The shell created by the
OCV is configured to have sufficient volume to enclose a
non-polarized capacitor (NPC) and printed circuit board
(PCB) that contains protective circuitry for the NPC. The
CPE (3311) is covered and sealed with a capacitor cover
(CPC) (3312). The CPC (3312) supports and further com-
prises a first terminal connection (FTC) (3313) and a second
terminal connection (STC) (3314) wherein the FTC and said
STC are insulated (3315, 3316) from the CPC and extend
through an outer surface of the CPC (3312).

Assembly detail for this preferred exemplary embodiment
is generally depicted in FIG. 40 (4000), where the capacitor
enclosure (CPE) (4011) is depicted along with the capacitor
cover (CPC) (4012) incorporating the FTC/STC. The NPC
(4021) (section view of an exemplary roll-form non-polar-
ized capacitor is provided in FIG. 39 (3900)) is separated
from the capacitor enclosure (CPE) (4011) via the use of top
(4022) and bottom (4023) insulating caps. The PCB assem-
bly (4024) is depicted incorporating the diodes and TVS
components assembled and is connected to the NPC (4021)
via the use of internal wiring straps (4025, 4026). Rivets
(3627, 3628) or other fastening means are utilized to attach
the internal wiring straps (4025, 4026) to the PCB and make
mechanical/electrical contact with the FTC/STC. One or
more protective top insulators (3629) may be incorporated
within the system, to provide additional arc flashover pro-
tection.

Exemplary Discrete Protective PCB (4100)-(4400)

While the integrated protective PCB assembly (4024)
depicted in FIG. 33 (3300)-FIG. 40 (4000) may take many
forms, one preferred discrete implementation is generally
depicted in FIG. 41 (4100)-FIG. 44 (4400) wherein the
protective structure comprises discrete TVS structures
implemented as MOV devices (4401, 4402) in series with
semiconductor P-N diode rectifiers (4403, 4404).
Exemplary Bridge Protective PCB (4500)-(4800)

While the integrated protective PCE assembly (4024)
depicted in FIG. 33 (3300)-FIG. 40 (4000) may take many
forms, one preferred bridge rectifier implementation is gen-
erally depicted in FIG. 45 (4500)-FIG. 48 (4800) wherein
the protective structure comprises discrete TVS structures
implemented as MOV devices (4801, 4802) in in conjunc-
tion with a bridge diode rectifier incorporating semiconduc-
tor P-N diodes (4803). This configuration may be more
optimal in comparison to that depicted in FIG. 41 (4100)-
FIG. 44 (4400) due to the reduced component count and cost
reduction associated with the integrated bridge diode recti-
fier (4803).

Exemplary Integrated MOV +Diode Protective PCB (4900)-
(5200)
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While the integrated protective PCB assembly (4024)
depicted in FIG. 33 (3300)-FIG. 40 (4000) may take many
forms, one preferred integrated MOV+diode implementa-
tion is generally depicted in FIG. 49 (4900)-FIG. 52 (5200)
wherein the protective structure comprises integrated TVS
structures implemented as MOV+diode (MOV+PN diode)
devices (5201, 5202). This configuration may be more
optimal in comparison to that depicted in FIG. 45 (4500)-
FIG. 48 (4800) due to the reduced component count and cost
reduction associated with the integrated MOV+diode
devices (5201, 5202). These MOV+diode devices are
described in more detail in the documents incorporated by
reference in this patent application.

Exemplary Integrated MOV+PN+PN+MOV Protective
PCB (5300)-(5600)

While the integrated protective PCB assembly (4024)
depicted in FIG. 33 (3300)-FIG. 40 (4000) may take many
forms, one preferred integrated MOV+PN+PN+MOV
implementation is generally depicted in FIG. 53 (5300)-FIG.
56 (5600) wherein the protective structure comprises inte-
grated TVS structures implemented as a single integrated
MOV+PN+PN+MOV (MOV+PN diode+FN diode+MOV)
device (5601). This configuration may be more optimal in
comparison to that depicted in FIG. 45 (4500)-FIG. 48
(4800) due to the reduced component count, and cost
reduction associated with the integrated MOV+PN+PN+
MOV devices (5601). These MOV+PN+PN+MOV devices
are described in more detail in the documents incorporated
by reference in this patent application. In some application
contexts the PCB may be omitted and wire terminals of the
MOV +PN+PN+MOV device may be directly attached to the
capacitor structure and/or external spade lug terminals of the
overall capacitor cap/enclosure system.

Capacitor Cover Detail (5700)-(6000)

Additional detail of an exemplary capacitor cover struc-
ture including insulators and terminal connectors is provided
in FIG. 57 (5700)-FIG. 60 (6000). The assembly view of
FIG. 60 (8000) illustrates the capacitor cover (6001), top
flashover insulator (6002), top cover insulator (6003), con-
ductive capacitor contacts (6004) that connect wiring to the
actual internal roll capacitor structure, contact insulators
(6005), and spade lug connectors (6006). While this con-
struction is exemplary, one skilled in the art will no doubt be
able to utilize the invention teachings over a wide range of
application contexts including both cylindrical-form and
stadium-form capacitor enclosures.

Capacitor Top/Bottom Insulators (6100)-(6200)

Additional detail of exemplary capacitor top and bottom
cup insulators used within the integrated protected capacitor
system are provided in FIG. 61 (6100)-FIG. 62 (6200).
These structures as implemented and assembled in FIG. 40
(4000) ensure that the internal capacitor roll does not
electrically contact the capacitor enclosure or capacitor
cover.

Retrofit Protected Capacitor Method Overview
(6300)

The present invention retrofit application method may be
seen in an overview context as generally illustrated in the
flowchart of FIG. 63 (6300), and can be generally described
as protected capacitor method that comprises the following
method steps:

(1) configuring a printed circuit board (PCB) to contain a
transient voltage surge suppressor (TVS) and semicon-
ductor P-N diode (PND) electrically series coupled
between a first input connector (FIC)/first output con-
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nector (FOC) and a second input connector (SIC)/
second output connector (SOC) on the PCB (6301);

(2) electrically and mechanically coupling a first capacitor
connection (FTC) of a non-polarized capacitor (NPC)
to a first output connector (FOC) of the PCB (6302);

(3) electrically and mechanically coupling a second
capacitor connection (STC) of the non-polarized
capacitor (MFC) to a second output connector (SOC) of
the PCB (6303);

(4) electrically coupling the first input connector (FIC) of
the printed, circuit board (PCB) to a source of electrical
power (6304); and

(5) electrically coupling the second input connector (SIC)
of the printed circuit board (PCB) to an electrical load
device (6305).

One skilled in the art will recognize that these method steps
may be augmented or rearranged without limiting the teach-
ings of the present invention.

Integrated Protected Capacitor Method Overview
(6400)

The present, invention integrated capacitor application
method may be seen in an overview context as generally
illustrated in the flowchart of FIG. 64 (6400), and can be
generally described as protected capacitor method that com-
prises the following method steps:

(1) placing a non-polarized capacitor (NPC) and printed
circuit board (PCB) comprising a transient voltage
surge suppressor (TVS) and semiconductor P-N diode
(PND) within a capacitor enclosure (CPE) shell com-
prising an open cavity end (OCE) and an open cavity
void (OCV) (6401);

(2) electrically coupling a first terminal connection (FTC)
of the capacitor cover (CPC) to a first input connector
(FIC) of the PCB (6402),

(3) electrically coupling a second terminal connection
(STC) of the capacitor cover (CPC) to a second input
connector (SIC) of the PCB (6403);

(4) covering the open cavity end (OCE) of the capacitor
enclosure (CPE) with a capacitor cover (CPC) and
sealing the capacitor cover (CPC) to the capacitor
enclosure (CPE) (6404);

(5) configuring the capacitor cover (CPC) to electrically
couple a first terminal connection (FTC) of the capaci-
tor cover (CPC) to a source of electrical power (6405);
and

(6) configuring the capacitor cover (CPC) to electrically
couple a second terminal connection (STC) of the
capacitor cover (CPC) to an electrical load device
(6406).

One skilled in the art will recognize that these method steps
may be augmented or rearranged without limiting the teach-
ings of the present invention.

Preferred Embodiment System Summary

The present invention preferred exemplary system
embodiment can be generalized as protected capacitor ret-
rofit system comprising:

(a) non-polarized capacitor (NPC);

(b) printed circuit board (FOB);

(c) transient voltage surge suppressor (TVS); and

(d) semiconductor P-N diode (PND);

wherein:

the NPC comprises a capacitor enclosure (CPE) and a

capacitor cover (CPC);

10

15

20

25

30

35

40

45

50

55

60

65

16

the NPC comprises a first capacitor connection (FTC) and
a second capacitor connection (STC);

the TVS comprises a first TVS connection (FVC) and a

second TVS connection (SVC);

the PND comprises a first PND connection (FPC) and a

second PND connection (SPC);

the SVC is electrically coupled to the FPC via metal traces

on the PCB;

the TVS and the PND form a surge suppression device

(SSD) having a first SSD terminal (FDC) electrically
coupled to the FVC and a second SSD terminal (SDC)
electrically coupled to the SPC;

the PCB comprises a first input connector (FIC), a second

input connector (SIC), a first output connector (FOC),
and a second output connector (SOC);

the PCB comprises metal traces configured to electrically

couple the FIC, the FOC, and the FDC;

the PCB comprises metal traces configured to electrically

couple the SIC, the SOC, and the SDC;

the FTC is electrically coupled to the FOC; and

the STC is electrically coupled to the SOC.

This general system summary may be augmented by the
various elements described herein to produce a wide variety
of invention embodiments consistent with this overall
design description,

Preferred Embodiment Method Summary

The present invention preferred exemplary method
embodiment can be generalized as protected capacitor ret-
rofit method wherein the method utilizes a protected capaci-
tor system comprising:

(a) non-polarized capacitor (NPC);

(b) printed circuit board (PCB);

(c) transient voltage surge suppressor (TVS); and

(d) semiconductor P-N diode (PND);

wherein:

the NPC comprises a capacitor enclosure (CPE) and a

capacitor cover (CPC);

the NPC comprises a first capacitor connection (FTC) and

a second capacitor connection (STC);

the TVS comprises a first TVS connection (FVC) and a

second TVS connection (SVC);

the PND comprises a first PND connection (FPC) and a

second PND connection (SPC);

the SVC is electrically coupled to the FPC via metal traces

on the PCB;

the TVS and the PND form a surge suppression device

(SSD) having a first SSD terminal (FDC) electrically
coupled to the FVC and a second SSD terminal (SDC)
electrically coupled to the SPC;

the PCB comprises a first input connector (FIC), a second

input connector (SIC), a first output connector (FOC),
and a second output connector (SOC);

the PCB comprises metal traces configured to electrically

couple the FIC, the FOC, and the FDC;

the PCB comprises metal traces configured to electrically

couple the SIC, the SOC, and the SDC;

the FTC is electrically coupled to the FOC; and

the STC is electrically coupled to the SOC;

with the method of comprising the steps of:

(1) configuring the PCB to mechanically couple the FOC

to the FTC;

(2) configuring the PCB to mechanically couple the SOC

to the STC;

(3) configuring the PCB to electrically couple the FIC to

a source of electrical power: and
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(4) configuring the PCB to electrically couple the SIC to
an electrical load device.
One skilled in the art will recognize that these method steps
may be augmented or rearranged without limiting the teach-
ings of the present invention.

Alternate Preferred Embodiments Systems
Summary

An alternate present invention preferred exemplary sys-
tem embodiment can be generalized as an integrated pro-
tected capacitor system comprising:

(a) capacitor enclosure (CPE);

(b) capacitor cover (CPC);

(c) non-polarized capacitor (NPC);

(d) printed circuit board (PCB);

(e) transient voltage surge suppressor (TVS); and

(f) semiconductor P-N diode (PND);

wherein:

the CPE is configured as a shell having an open cavity end

(OCE) and an open cavity void (OCV) configured to
contain the NPC and the PCB;

the CPC is configured to cover and seal the OCE;

the NPC and the PCB are contained within the OCV,

the CPC comprises a first terminal connection (FTC) and

a second terminal connection (STC);

the FTC and the STC are insulated from the CPC and

extend through an outer surface of the CPC;

the NPC comprises a first capacitor connection (FCC) and

a second capacitor connection (SCC);

the TVS comprises a first TVS connection (FVC) and a

second TVS connection (SVC);

the PND comprises a first PND connection (FPC) and a

second PND connection (SPC);

the SVC is electrically coupled to the FPC via metal traces

on the PCB;

the TVS and the PND form a surge suppression device

(SSD) having a first SSD terminal (FDC) electrically
coupled to the FVC and a second SSD terminal (SDC)
electrically coupled to the SPC;

the PCB comprises a first input connection (FIC), a

second input connection (SIC), a first output connec-

tion (FOC), and a second output connection (SOC);
the PCB comprises metal traces configured to electrically

couple the FTC, the FIC, the FOC, and the FDC;

the PCB comprises metal traces configured to electrically

couple the STC, the SIC, the SOC, and the SDC;

the FCC is electrically coupled to the FOC; and

the SCC is electrically coupled to the SOC.

This general system summary may be augmented by the
various elements described herein to produce a wide variety
of invention embodiments consistent with this overall
design description.

Alternate Preferred Embodiment Method Summary

An alternate present invention preferred exemplary
method embodiment can be generalized as an integrated
protected capacitor method wherein the method utilizes a
protected capacitor system comprising:

(a) capacitor enclosure (CPE);

(b) capacitor cover (CPC);

(c) non-polarized capacitor (NPC);

(d) printed circuit board (PCB);

(e) transient voltage surge suppressor (TVS); and

(f) semiconductor P-N diode (PND);

wherein:
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the CPE is configured as a shell having an open cavity end
(OCE) and an open cavity void (OCV) configured to
contain the NPC and the PCB;
the CPC is configured to cover and seal the OCE;
the NPC and the PCB are contained within the OCV,
the CPC comprises a first terminal connection (FTC) and
a second terminal connection (STC);
the FTC and the STC are insulated from the CPC and
extend through an outer surface of the CPC;
the NPC comprises a first capacitor connection (FCC) and
a second capacitor connection (SCC);
the TVS comprises a first TVS connection (FVC) and a
second TVS connection (SVC);
the PND comprises a first PND connection (FPC) and a
second PND connection (SPC);
the SVC is electrically coupled to the FPC via metal traces
on the PCB;
the TVS and the PND form a surge suppression device
(SSD) having a first SSD terminal (FDC) electrically
coupled to the FVC and a second SSD terminal (SDC)
electrically coupled to the SPC;
the PCB comprises a first input connection (FIC), a
second input connection (SIC), a first output connec-
tion (FOC), and a second output connection (SOC);
the PCB comprises metal traces configured to electrically
couple the FTC, the FIC, the FOC, and the FDC;
the PCB comprises metal traces configured to electrically
couple the STC, the SIC, the SOC, and the SDC;
the FCC is electrically coupled to the FOC; and
the SCC is electrically coupled to the SOC;
with the method comprising the steps of:
(1) placing the NPC, the PCB, and the SSD within the
CPE;
(2) covering the OCE of the CPE with the CPC and
sealing the CPC to the CPE;
(3) configuring the CPC to electrically couple the FTC to
a source of electrical power; and
(4) configuring the CPC to electrically couple the STC to
an electrical load device.
One skilled in the art will recognize that these method steps
may be augmented or rearranged without limiting the teach-
ings of the present invention,

System/Method Variations

It will be evident to those skilled in the art that there has
been described herein an improved method and apparatus
for connecting to, and supplying power for, a device or
appliance that is protected by certain surge suppression
circuits. Although the invention hereof has been described
by way of preferred embodiments, it is evident that other
adaptations and modifications can be employed without
departing from the spirit and scope thereof.

The present invention anticipates a wide variety of varia-
tions in the basic theme of construction. The examples
presented previously do not represent the entire scope of
possible usages. They are meant to cite a few of the almost
limitless possibilities. The basic system and method
described above may be augmented with a variety of ancil-
lary embodiments, including but not limited to:

An embodiment wherein the FTC comprises a male spade
lug connector and the STC comprises a male spade lug
connector.

An embodiment wherein the FIC comprises a male spade
lug connector, the SIC comprises a male spade leg
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connector, the FOC comprises a female spade lug
connector, and the SOC comprises a female spade lug
connector.

An embodiment wherein the SSD further comprises par-
allel connection to a second metal oxide varistor
(SMV) and a second semiconductor P-N diode (SPN)
that are connected in series wherein the parallel con-
nection of the series connected SMV and the SPN such
that the SPN is in an opposite polarity orientation to the
orientation of the series connection of the PHD and the
TVS within the SSD.

An embodiment wherein the PND comprises a Schottky
diode rectifier.

An embodiment wherein the NPC has a working voltage
in the range of 370 volts to 440 volts,

An embodiment wherein the NPC comprises a dual
capacitance structure having COMMON (C), FAN (F),
and HERMETICALLY SEALED COMPRESSOR
(HERM) connections.

An embodiment wherein the NPC has a capacitance in the
range of 1 microfarad to 100 microfarads.

An embodiment wherein the NPC comprises an enclosure
selected from a group consisting of: a cylindrical-
shaped exterior surface; and a stadium-shaped exterior
surface.

An embodiment wherein the TVS is selected from a group
consisting of: metal oxide varistor (MOV); diode for
alternating current (DIAC); and silicon diode for alter-
nating current (SIDAC).

One skilled in the art will recognize that other embodi-

ments are possible based on combinations of elements
taught within the above invention description.

CONCLUSION

A protected capacitor system/method implementing
enhanced transient over-voltage suppression has been dis-
closed. The system/method incorporates one or more surge
suppression devices (SSDs) proximally located and in par-
allel with a capacitor structure to produce an overall pro-
tected capacitor structure having enhanced reliability and
simultaneous ability to resist transient overvoltage condi-
tions. The SSDs are formed from series combinations of
transient voltage surge suppressors (TVSs) (metal oxide
varistor (MOV), diode for alternating current (DIAC), and/
or silicon diode for alternating current (SIDAC)) and cor-
responding shunt diode rectifiers (SDRs) and placed in
parallel across a capacitor structure to locally suppress
voltage transients across the capacitor structure in excess of
the voltage rating of the capacitor structure. The parallel
shunting TVS/SDR pairs may be integrated into a printed
circuit board (PCB) assembly that is externally attached to
the capacitor structure or encapsulated in an enclosure
incorporating the capacitor structure.

What is claimed is:

1. A protected capacitor system comprising:

(a) capacitor enclosure (CPE);

(b) capacitor cover (CPC);

(c) non-polarized capacitor (NPC);

(d) printed circuit board (PCB);

(e) transient voltage surge suppressor (TVS); and

(f) semiconductor P-N diode (PND);

wherein:

said CPE is configured as a shell having an open cavity
end (OCE) and an open cavity void (OCV) config-
ured to contain said NPC and said PCB;

said CPC is configured to cover and seal said OCE;
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said NPC and said PCB are contained within said OCV;

said CPC comprises a first terminal connection (FTC)
and a second terminal connection (STC);

said FTC and said STC are insulated from said CPC
and extend through an outer surface of said CPC;

said NPC comprises a first capacitor connection (FCC)
and a second capacitor connection (SCC);

said TVS comprises a first TVS connection (FVC) and
a second TVS connection (SVC);

said PND comprises a first PND connection (FPC) and
a second PND connection (SPC);

said SVC is electrically coupled to said FPC via metal
traces on said PCB;

said TVS and said PND form a surge suppression
device (SSD) having a first SSD terminal (FDC)
electrically coupled to said FVC and a second SSD
terminal (SDC) electrically coupled to said SPC;

said PCB comprises a first input connection (FIC), a
second input connection (SIC), a first output con-
nection (FOC), and a second output connection
(SO0);

said PCB comprises metal traces configured to electri-
cally couple said FTC, said FIC, said FOC, and said
FDC;

said PCB comprises metal traces configured to electri-
cally couple said STC, said SIC, said SOC, and said
SDC;

said FCC is electrically coupled to said FOC; and

said SCC is electrically coupled to said SOC.

2. The protected capacitor system of claim 1 wherein said
FTC comprises a male spade lug connector and said STC
comprises a male spade lug connector.

3. The protected capacitor system of claim 1 wherein said
FIC comprises a male spade lug connector, said SIC com-
prises a male spade lug connector, said FOC comprises a
female spade lug connector, and said SOC comprises a
female spade lug connector.

4. The protected capacitor system of claim 1 wherein said
SSD further comprises parallel connection to a second metal
oxide varistor (SMV) and a second semiconductor P-N
diode (SPN) that are connected in series wherein said
parallel connection of said series connected SIVIV and said
SPN such that said SPN is in an opposite polarity orientation
to the orientation of said series connection of said PND and
said TVS within said SSD.

5. The protected capacitor system of claim 1 wherein said
PND comprises a Schottky diode rectifier.

6. The protected capacitor system of claim 1 wherein said
NPC has a working voltage in the range of 370 volts to 440
volts.

7. The protected capacitor system of claim 1 wherein said
NPC comprises a dual capacitance structure having COM-
MON (C), FAN (F), and HERMETICALLY SEALED
COMPRESSOR (HERM) connections.

8. The protected capacitor system of claim 1 wherein said
NPC has a capacitance in the range of 1 microfarad to 100
microfarads.

9. The protected capacitor system of claim 1 wherein said
CPE comprises an enclosure selected from a group consist-
ing of: a cylindrical-shaped exterior surface; and a stadium-
shaped exterior surface.

10. The protected capacitor system of claim 1 wherein
said TVS is selected from a group consisting of: metal oxide
varistor (MOV); diode for alternating current (D1 AC); and
silicon diode for alternating current (SIDAC).

11. A protected capacitor method wherein said method
utilizes protected capacitor system comprising:
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(a) capacitor enclosure (CPE);
(b) capacitor cover (CPC);
(c) non-polarized capacitor (NPC);
(d) printed circuit board (PCB);
(e) transient voltage surge suppressor (TVS); and
(f) semiconductor P-N diode (PND);
wherein:
said CPE is configured as a shell having an open cavity
end (OCE) and an open cavity void (DCV) config-
ured to contain said NPC and said PCB;
said CPC is configured to cover and seal said OCE;
said NPC and said PCB are contained within said OCV;
said CPC comprises a first terminal connection (FTC)
and a second terminal connection (STC);
said FTC and said STC are insulated from said CPC
and extend through an outer surface of said CPC;
said NPC comprises a first capacitor convection (FCC)
and a second capacitor connection (SCC);
said TVS comprises a first TVS connection (FVC) and
a second TVS connection (SVC);
said PND comprises a first PND connection (FPC) and
a second PND connection (SPC);
said SVC is electrically coupled to said FPC via metal
traces on said PCB;
said TVS and said PND form a surge suppression
device (SSD) having a first SSD terminal (FDC)
electrically coupled to said FVC and a second SSD
terminal (SDC) electrically coupled to said SPC;
said PCB comprises a first input connection (FIC), a
second input connection (SIC), a first output con-
nection (FOC), and a second output connection
(SOC);
said PCB comprises metal traces configured to electri-
cally couple said FTC, said FIC, said FOC, and said
FDC;
said PCB comprises metal traces configured to electri-
cally couple said STC, said SIC, said SOC, and said
SDC;
said FCC is electrically coupled to said FOC; and
said SCC is electrically coupled to said SOC;
with said method comprising the steps of:
(1) placing said NPC, said PCB, and said SSD within
said CPE;
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(2) covering said OCE of said CPE with said CPC and
sealing said CPC to said CPE;
(3) configuring said CPC to electrically couple said
FTC to a source of electrical power; and
(4) configuring said CPC to electrically couple said
STC to an electrical load device.

12. The protected capacitor method of claim 11 wherein
said FTC comprises a male spade lug connector and said
STC comprises a male spade lug connector.

13. The protected capacitor method of claim 11 wherein
said FIC comprises a male spade lug connector, said SIC
comprises a male spade lug connector, said FOC comprises
a female spade lug connector, and said SOC comprises a
female spade lug connector.

14. The protected capacitor method of claim 11 wherein
said SSD further comprises parallel connection to a second
metal oxide varistor (SMV) and a second semiconductor
P-N diode (SPN) that are connected in series wherein said
parallel connection of said series connected SMV and said
SEN such that said SPN is in an opposite polarity orientation
to the orientation of said series connection of said PND and
said TVS within said SSD.

15. The protected capacitor method of claim 11 wherein
said PND comprises a Schottky diode rectifier.

16. The protected capacitor method of claim 11 wherein
said NPC has a working voltage in the range of 370 volts to
440 volts.

17. The protected capacitor method of claim 11 wherein
said NPC comprises a dual capacitance structure having
COMMON (C), FAN (F), and HERMETICALLY SEALED
COMPRESSOR (HERM) connections.

18. The protected capacitor method of claim 11 wherein
said NPC has a capacitance in the range of 1 microfarad to
100 microfarads.

19. The protected capacitor method of claim 11 wherein
said CPE comprises an enclosure selected from a group
consisting of a cylindrical-shaped exterior surface; and a
stadium-shaped exterior surface.

20. The protected capacitor method of claim 11 wherein
said TVS is selected from a group consisting of: metal oxide
varistor (MOV); diode for alternating current (DIAC); and
silicon diode for alternating current (SIDAC).
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