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CONFIGURABLE MODULAR POWER
CONTROL SYSTEM

RELATED APPLICATIONS

This application is a continuation-in-part application of
U.S. Non-Provisional patent application Ser. No. 14/057,430
and claims the benefit of priority of U.S. Provisional Patent
Application Ser. No. 62/079,620, U.S. Non-Provisional pat-
ent application Ser. No. 14/057,430 and U.S. Provisional
Patent Application Ser. No. 61/715,358, the contents of all of
which are incorporated by reference herein in their entire-
ties.

FIELD OF THE INVENTION

The present invention relates generally to a system for
controlling power and more particularly to a modular power
control system that is configurable to accomplish various
types of power control operations such as dimmer control
and single-pole/double-pole relay requirements.

BACKGROUND OF THE INVENTION

Power control systems that control dimmer and power
relay operations lighting and other devices are known in the
art and are typically constructed using large enclosures that
have exposed bus bars (one bus bar for each electrical phase)
and other electrical connections. Moreover, the components
used to accomplish the task of controlling dimmer and
power relay functions are ‘hardwired’ into the enclosure and
typically require a large amount of wiring which results in
a virtual ‘rats nest’ of wires inside of the enclosure. Fur-
thermore, as these systems deal with large power applica-
tions, the components used typically generate large amounts
of heat.

Unfortunately however, current designs do little in the
way of providing a safe environment for technicians that
must work on these systems. The exposed bus bars and
electrical connections create a safety hazard for people that
have access the internal area of the enclosure. This is
undesirable because electrocution and shock can not only
occur when the components and bus bars are accidentally
touch, but with high power devices such as relays, switches,
circuit breakers, etc. if an individual gets to close an electric
arc may occur. Accordingly, although a trained technician
may have a reduced risk of electric shock, the exposed
nature of the components and bus bars makes that risk more
prevalent.

Additionally, the current enclosures are not designed to
efficiently dissipate the heat generated by the components.
Accordingly, the temperature within the enclosure typically
rises to a high level and may result in failure of the
components. This creates a tempting opportunity to leave the
enclosure door open to help dissipate the heat. Unfortu-
nately, this creates a furthermore safety hazard by allowing
access into the system enclosure and exposing non-trained
personnel to the electrical components within the enclosure.

SUMMARY OF THE INVENTION

A modular power control system, comprising: an enclo-
sure having an enclosure top, an enclosure bottom, an
enclosure front, an enclosure rear, a first enclosure side and
a second enclosure side, wherein the enclosure defines an
enclosure cavity and wherein the enclosure further includes
an input power connector; a module internal support,
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2

wherein the module internal support includes a first module
support connected to the first enclosure side and a second
module support connected to the second enclosure side,
wherein the first module support includes a first module
channel and the second module support includes a second
module channel; at least one module, wherein the at least
one module includes a module rear, a module front and
module sides which define a module cavity, wherein each of
the module sides include a side channel guide for interacting
with the first and second module channels to support the
module, wherein the module includes at least one module
power connector configured to conductively associate with
the input power connector when the at least one module is
located within the enclosure cavity.

A modular power control system, comprising: an enclo-
sure defining an enclosure cavity, an input power Phase A
bus bar, an input power Phase B bus bar, an input power
Phase C bus bar; a first module support and a second module
support located within the enclosure cavity and connected to
the enclosure, wherein the first module support includes a
first module channel and the second module support
includes a second module channel; and a module, wherein
the module includes a module rear, a module front and
module sides, wherein each of the module sides include a
side channel guide configured to slidingly interacting with
the first and second module channels to support the module
within the enclosure cavity and wherein the module rear
includes a module power Phase A connector configured to
conductively mate with the input power Phase A bus bar, a
module power Phase B connector configured to conduc-
tively mate with the input power Phase B bus bar and a
module power Phase C connector configured to conduc-
tively mate with the input power Phase C bus bar when the
module is contained within the enclosure cavity.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other features and advantages of the
present invention will be better understood from the follow-
ing detailed description of illustrative embodiments, taken in
conjunction with the accompanying drawings in which:

FIG. 1 is a top down perspective exploded view of a
Modular Power Control System (MPCS), in accordance
with one embodiment of the present invention.

FIG. 2A is front isometric view of the base enclosure of
the MPCS of FIG. 1.

FIG. 2B is front view of the base enclosure of the MPCS
of FIG. 1.

FIG. 3A is a front perspective view of the base enclosure
door of the MPCS of FIG. 1.

FIG. 3B is a rear view of the base enclosure door showing
the base enclosure door cavity of the MPCS of FIG. 1.

FIG. 4A is a rear view of a power connector of the MPCS
of FIG. 1 illustrating the pin configuration.

FIG. 4B is a rear view of the first and second power
connectors of the MPCS of FIG. 1 illustrating the pin
configuration.

FIG. 4C is a rear view of the third and fourth power
connectors of the MPCS of FIG. 1 illustrating the pin
configuration.

FIG. 4D is a rear view of the fifth and sixth power
connectors of the MPCS of FIG. 1 illustrating the pin
configuration.

FIG. 4E is a rear view of a power connector illustrating
the pin configuration in accordance with an additional
embodiment.
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FIG. 5 is a front side isometric view of the module
enclosure of the MPCS of FIG. 1.

FIG. 6 is a front side isometric view of the module
enclosure internal support of the MPCS of FIG. 1.

FIG. 7A is top side isometric view of one embodiment of
a module for use with the MPCS of FIG. 1 illustrating an
‘open’ design.

FIG. 7B is top side isometric view of multiple embodi-
ments of modules for use with the MPCS of FIG. 1.

FIG. 7C is top side isometric view of a chimney airflow
module for use with the MPCS of FIG. 1.

FIG. 8 is top side isometric view of a dimmer module for
use with the MPCS of FIG. 1 illustrating an ‘open’ design.

FIG. 9 is top side isometric view of a relay (single-pole/
double-pole) module for use with the MPCS of FIG. 1
illustrating an ‘open’ design.

FIG. 10 is bottom up view of one embodiment of a
module for use with the MPCS of FIG. 1 illustrating an
‘open’ design.

FIG. 11 is a top side isometric view of the module
enclosure front panel of the MPCS of FIG. 1.

FIG. 12 is block diagram illustrating one embodiment of
the PCB Backplane configured for Ethernet capability for
use with the MPCS of FIG. 1.

FIG. 13 is block diagram illustrating another embodiment
of the PCB Backplane configured for DMX capability for
use with the MPCS of FIG. 1.

FIG. 14 is block diagram illustrating still yet another
embodiment of the PCB Backplane configured for DMX
capability for use with the MPCS of FIG. 1.

FIG. 15 is front view of the module enclosure of FIG. 1
illustrating airflow within the module enclosure cavity.

FIG. 16 is chart illustrating some embodiments of various
sizes of the MPCS of FIG. 1.

FIG. 17 is a front side view of a Modular Power Control
System (MPCS), in accordance with another embodiment of
the invention.

FIG. 18 is a top front side view of the MPCS of FIG. 17.

FIG. 19 is rear view of the MPCS of FIG. 17.

FIG. 20 is a top down view of the MPCS of FIG. 17.

FIG. 21 is a bottom up view of the MPCS of FIG. 17.

FIG. 22A is a front view of the MPCS of FIG. 17 showing
the enclosure cavity.

FIG. 22B is a top down side perspective view of the input
power bus bars used in the MPCS of FIG. 17, in accordance
with one embodiment of the invention.

FIG. 23 is a front view of a module for use in the MPCS
of FIG. 17, in accordance with one embodiment of the
invention.

FIG. 24 is a rear view of the module of FIG. 23.

FIG. 25 is a top down view of the module of FIG. 23
illustrating the module cavity.

FIG. 26 is a top down perspective view of the module of
FIG. 23 illustrating the module cavity.

FIG. 27 is a side view of the module of FIG. 23.

FIG. 28 is a top down view of a module for use in the
MPCS of FIG. 17 illustrating the module cavity, in accor-
dance with another embodiment of the invention.

FIG. 29 is a top down perspective view of the module of
FIG. 28 illustrating the module cavity.

FIG. 30 is a top down view of a module for use in the
MPCS of FIG. 17 illustrating the module cavity, in accor-
dance with still yet another embodiment of the invention.

FIG. 31 is a top down perspective view of the module of
FIG. 30 illustrating the module cavity.
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FIG. 32 is a top down view of a module for use in the
MPCS of FIG. 17 illustrating the module cavity, in accor-
dance with still yet another embodiment of the invention.

FIG. 33A is a top down perspective view of the module
of FIG. 32 illustrating the module cavity.

FIG. 33B is chart illustrating some embodiments of
various power inputs of the MPCS of FIG. 17.

FIG. 34 is left side rear perspective view of one embodi-
ment of a module for use with the MPCS of FIG. 17
illustrating the module input power connectors, in accor-
dance with one embodiment of the invention.

FIG. 35 is right side rear perspective view of the module
of FIG. 34 illustrating the module input power connectors.

FIG. 36 is a top down view of the module of FIG. 34
illustrating the module cavity.

FIG. 37 is a top down sectional view of the MPCS and the
module of FIG. 34 located within the enclosure cavity and
connected to the input power bus bars of FIG. 22B.

FIG. 38 is a partially exploded front side view of the
MPCS of FIG. 17 illustrating the enclosure cavity.

FIG. 39 is a front view of the MPCS of FIG. 17 illustrating
the input power bus bars and the terminal backplane located
within the enclosure cavity.

FIG. 40 is a front view of the MPCS of FIG. 17 illustrating
the terminal backplane located within the enclosure cavity
and an exploded view of a terminal block, in accordance
with one embodiment of the invention.

FIG. 41 is a front view of the MPCS of FIG. 17 illustrating
the input power bus bars configured for three-phase opera-
tion, in accordance with one embodiment of the invention.

FIG. 42 is a front view of the MPCS of FIG. 17 illustrating
the input power bus bars configured for single-phase opera-
tion, in accordance with one embodiment of the invention.

FIG. 43 is a front view of the MPCS of FIG. 17.

FIG. 44 is a front view of the MPCS of FIG. 17 illustrating
the MPCS controller front panel and showing the controller
backplane.

FIG. 45 is a rear view of the controller front panel of FIG.
44 showing the controller backplane, in accordance with one
embodiment of the invention.

FIG. 46 is front view of the controller front panel the
MPCS of FIG. 17, in accordance with one embodiment of
the invention.

FIG. 47 is a front side view of the MPCS of FIG. 17 with
the system enclosure removed showing the cooling fans, in
accordance with one embodiment of the invention.

FIG. 48 is front view of the MPCS of FIG. 17 illustrating
airflow into and out of system enclosure, in accordance with
one embodiment of the invention.

DETAILED DESCRIPTION OF THE
INVENTION

It should be appreciated that although the modular power
distribution system of the present invention is described
herein in terms of a dimmer array system, the concept of the
invention may be used for any situation that requires power
to be distributed. It should also be appreciated that the
present invention may be a portable or permanently installed
unit configurable for operation with single and multiple
phase applications of up to 200 A (and in some cases greater
than 200 A), such as power distribution application for
LEDs, moving lights, traditional dimming, etc.

Referring to FIG. 1, a Modular Power Control System
(MPCS) 100 is shown and includes a base enclosure 102, a
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base enclosure door 104, a module enclosure 106, a module
enclosure internal support 108 and a module enclosure front
panel 110.

Referring to FIG. 2A and FIG. 2B, the base enclosure 102
includes a base enclosure front 112, a base enclosure back
114, a base enclosure top 116, a base enclosure bottom 118
and two base enclosure sides 120, wherein the base enclo-
sure front 112, base enclosure back 114, base enclosure top
116, base enclosure bottom 118 and base enclosure sides 120
define a base enclosure cavity 122. Additionally, the base
enclosure front 112 includes a base enclosure opening 124
which allows access into the base enclosure cavity 122.
Referring to FIG. 3A and FIG. 3B, the base enclosure door
104 includes a base enclosure door front 126, a base
enclosure door back 128, a base enclosure door top 130, a
base enclosure door bottom 132 and two base enclosure door
sides 134, wherein the base enclosure door front 126, base
enclosure door back 128, base enclosure door top 130, base
enclosure door bottom 132 and base enclosure door sides
134 define a base enclosure door cavity 136. Additionally,
the base enclosure door back 128 includes a base enclosure
door opening 138 which allows access into the base enclo-
sure door cavity 136. The base enclosure door also includes
a plurality of power connector openings 140 and a plurality
of signal connector openings 142.

It should be appreciated that the base enclosure door 104
is attached to the base enclosure 102 via a hinge 144 such
that the base enclosure door 104 is rotatable between an
open configuration and a closed configuration. When in the
open configuration, the base enclosure cavity 122 and base
enclosure door cavity 136 are accessible. When in the closed
configuration, the base enclosure door back 128 aligns with
the base enclosure front 112 to enclose the base enclosure
cavity 122/base enclosure door cavity 136 and such that the
base enclosure opening 124 and base enclosure door open-
ing 138 are proximate each other. A base enclosure locking
member may be included on at least one of the base
enclosure 102 and the base enclosure door 104 to limit
access to the base enclosure cavity 122 and the base enclo-
sure door cavity 136.

Referring again to FIG. 2A and FIG. 2B, the MPCS 100
also includes a power input opening 150, a power supply
152, a Phase A power input terminal 154, a Phase B power
input terminal 156, a Phase C power input terminal 158, a
power output distribution block 160, a ground terminal 162
and a neutral terminal 164, wherein the power supply 152,
Phase A power input terminal 154, Phase B power input
terminal 156, Phase C power input terminal 158, power
output distribution block 160, ground terminal 162 and
neutral terminal 164 are securely located within the base
enclosure cavity 122. Additionally, referring again to FIG.
3A and FIG. 3B, the MPCS 100 also includes a plurality of
power connectors 166, a plurality of signal connectors 168
and PCB Backplane 170 which are located within the base
enclosure door cavity 136. The plurality of power connec-
tors 166 are associated with the plurality of power connector
openings 140 and the plurality of signal connectors 168 are
associated with the plurality of signal connector openings
142 such that the interface portion of the plurality of power
connectors 166 and signal connectors 168 are accessible via
the base enclosure door front 126. It should be appreciated
that the number of power connectors 166 and signal con-
nectors 168 may be dependent on the number of modules
that the MPCS 100 can accommodate. Additionally, refer-
ring to FIG. 4A each of the power connectors 166 include a
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first power input port 172, a first power output port 174, a
second power input port 176 and a second power output port
178.

It should be appreciated that the three-phase power is
introduced into the MPCS 100 via the power input opening
150 and includes a Phase A conductor that is connected to
the Phase A power input terminal 154, a Phase B conductor
that is connected to the Phase B power input terminal 156
and a Phase C conductor that is connected to the Phase C
power input terminal 158. The three-phase power also
includes a neutral conductor that is connected to the neutral
terminal 164 and a ground conductor that is connected to the
ground terminal 162. Additionally, the power supply 152
may be powered via the three-phase power by connecting
the power input of the power supply 152 to at least one of
the Phase A power input terminal 154, Phase B power input
terminal 156 or Phase C power input terminal 158.

Referring to FIG. 4B, FIG. 4C and FIG. 4D, one embodi-
ment of the connection of the power phases to the plurality
of power connectors 166 is illustrated. As shown, the MPCS
100 is configured to accommodate six (6) modules and thus
includes a first power connector 180, a second power
connector 182, a third power connector 184, a fourth power
connector 186, a fifth power connector 188 and a sixth
power connector 190. The first power connector 180 is
configured to have a Phase A power input and output and a
Phase B power input and output, the second power connec-
tor 182 is configured to have a Phase C power input and
output and a Phase A power input and output, the third power
connector 184 is configured to have a Phase B power input
and output and a Phase C power input and output, the fourth
power connector 186 is configured to have a Phase A power
input and output and a Phase B power input and output, the
fifth power connector 188 is configured to have a Phase C
power input and output and a Phase A power input and
output and the sixth power connector is configured to have
a Phase B power input and output and a Phase C power input
and output. It should be appreciated that the phase power
inputs of the plurality of connectors 166 are connected to the
appropriate Phase power input terminal and the and the
phase power outputs of the plurality of connectors 166 are
connected to the power output distribution block 160 for
distribution to external loads. The signal connectors 168 are
connected to the PCB Backplane 170. Moreover, power
conductors from the power supply 152 are also connected to
the PCB Backplane 170 to provide power to the PCB
Backplane 170.

It should be appreciated that various types of power
connectors 166 may be used in response for different con-
figurations. For example, the power connectors 166 may
vary from a four (4) pin configuration (See FIG. 4A) and
may include a six (6) (or more) pin connector 167 (See FIG.
4E). In this embodiment, the six (6) pin connector 167
includes pins for two phases, where each phase includes a
power phase output pin, a power phase input pin and a
neutral pin. Other connector configurations are also contem-
plated and are responsive to the application.

Referring to FIG. 5, the module enclosure 106 includes a
module enclosure front 192, a module enclosure rear 194, a
module enclosure top 196, a module enclosure bottom 198
and two module enclosure sides 200, wherein the module
enclosure rear 194, module enclosure top 196, module
enclosure bottom 198 and module enclosure sides 200 define
a module enclosure cavity 202. Additionally, the module
enclosure rear 194 includes a module enclosure rear opening
204 and the module enclosure front 192 includes a module
enclosure front opening 206 to allow access to the module
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enclosure cavity 202 from both the module enclosure front
192 and the module enclosure rear 194. Referring to FIG. 6,
the module enclosure internal support 108 includes a module
enclosure internal support rear 208 and two module enclo-
sure internal support sides 210, where the module enclosure
internal support rear 208 includes an internal support open-
ing 212. The module enclosure internal support 108 is
securely located within the module enclosure cavity 202
such that the internal support opening 212 is aligned with the
module enclosure rear opening 204. It should be appreciated
that the module enclosure internal support 108 is securely
attached to the module enclosure rear 194 and/or the module
enclosure sides 200 via screws. The module enclosure
internal support 108 further includes a plurality of module
guide channel pairs 214, where one of the channels of the
module guide channel pair 214 is located on one side of the
module enclosure internal support sides 210 and the other of
the channel of the module guide channel pair 214 is located
on the other side of the module enclosure internal support
sides 210. These module guide channel pairs 168 are con-
figured to slidingly receive and contain a module 216 within
the module enclosure 106, where one channel of the module
guide channel pairs 214 include a resilient member 218
which interacts with the module 216 as discussed further
hereinafter to lockingly and securely contain the module 216
within the module guide channel pair 214.

Referring to FIG. 7A and FIG. 7B, one embodiment of the
module 216 is shown and includes a module housing 220
having a module housing front 222, a module housing rear
224 and module housing sides 225, wherein the module
housing front 222, module housing rear 224 and module
housing sides 225 define a module housing cavity 227 for
containing module components. It should be appreciated
that the module components are dependent upon the func-
tion of the module 216. For example, in one embodiment
referring to FIG. 8 if the module 216 is a dimmer module,
then the module 216 may contain dimmer power compo-
nents (such as two (2) or more SCR 120V 10 A dimmers) as
well as dimmer control circuitry. In another embodiment,
referring to FIG. 9 if the module 216 is a relay module, then
the module 216 may contain single-pole (such as two (2)
Single-Pole 20 A 120V relays) or double-pole (such as one
(1) Double-Pole 20 A 220V relay) relays as well as relay
control circuitry/switches. It is contemplated that the modu-
lar power control system (MPCS) 100 may include any mix
of different type modules 216. For example, although the
MPCS 100 is described herein as using relay and dimmer
modules, any type of modules that may be used for power
distribution applications (i.e. for architectural, entertain-
ment, etc.) may be used, such as modules that provide power
and control of fluorescent ballasts and various other dim-
ming techniques. Also, the modules may be used for power
distribution and control to various other types of electronic/
electrical equipment. It should be appreciated that the pres-
ent invention advantageously provides access to all power
phases as desired without having to reconfigure the entire
system.

Additionally, referring to FIG. 7C, it should be appreci-
ated that module 216 may be configured as a chimney
airflow module 217, where the module housing cavity 227
is left unpopulated and substantially free of obstruction. The
configuration of the chimney airflow module 217 advanta-
geously acts as a flow path guide to direct airflow between
the module enclosure bottom 198 and the module enclosure
top 196. This is discussed in further detail hereinafter.

Furthermore, the module housing cavity 227 may be
divided into a front cavity portion 230 and a rear cavity

10

15

20

25

30

35

40

45

50

55

60

65

8

portion 232. The module housing sides 225 include a side
channel guide 234 that is configured (i.e. size and shape) to
slidingly and supportingly interact with the module guide
channel pair 214, where the side channel guide 234 on one
module housing side 225 fits into one of the channels of the
module guide channel pair 214 and the side channel guide
234 on the other module housing side 225 fits into the other
of the channels of the module guide channel pair 214. It
should be appreciated that one (or more) of the side channel
guides 234 are sized such that when the side channel guides
234 are contained within the module guide channel pair 214,
the resilient member 218 prevents the module 216 from
being removed from the module guide channel pair 214.
When the resilient member 218 is compressed, the module
216 may be removed from the module guide channel pair
214.

Moreover, referring to FIG. 10, the module housing rear
224 includes a module housing power connector 226 for
providing input and output phase power to and from the
module 216 and a module housing signal connector 228 for
providing control signals to and from the module 216. The
module housing power connector 226 is configured to mate
with a power connector of the plurality of power connectors
166 and the module housing signal connector 228 is con-
figured to mate with a signal connector of the plurality of
signal connectors 168. As discussed further hereinafter, in
one embodiment there is a power connector 166 and a signal
connector 168 for each of the modules 216 and the power
connector 166 and signal connector 168 are located on the
base enclosure door front 126, such that when the module
216 is located within the module enclosure 106, the power
connector 166 is mated to and connected with the module
housing power connector 226 and the signal connector 168
is mated to and connected with the module housing signal
connector 228.

It should be appreciated one advantage of the present
invention involves the physical distribution of the phases
(Phase A, Phase B, Phase C) to the power connectors 166
(See FIG. 4A-FIG. 4D) which advantageously allows avail-
ability of and access to multiple phases for applications (via
the module 216) that use single or multiple phases (for
example, single-pole or double-pole devices). Accordingly,
while the invention is discussed herein as being used with
dimmers and relays, a module of any functionality that
incorporates single-pole or double-pole devices can be used
with the present invention.

Referring to FIG. 11, the module enclosure front panel
110 is shown and includes a module enclosure front panel
front 236, a module enclosure front panel rear 238 and a
module enclosure front panel opening 240. The module
enclosure front panel 110 is configured to securely associate
with the module enclosure front 192 such that when modules
216 are located within the module enclosure 106 (i.e. within
the module guide channel pairs 214) the module housing
front 222 is accessible to allow circuit breaker switches to be
turned on and off.

It should be appreciated that the PCB Backplane 170 may
be a modular PCB that includes circuitry to connect the
Modules 216 together and to supply power and to provide
DMX/RDM and external control trigger capabilities. Refer-
ring to FIG. 12, one embodiment of the PCB Backplane 170
which is configured for use with network capability (sACN
and ArtNET) is shown. Referring to FIG. 13, another
embodiment of the PCB Backplane 170 which is configured
for use with DMX/RDM (“daisy chain™) capability is
shown. Referring to FIG. 14, still yet another embodiment of
the PCB Backplane 170 which is configured for use with
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DMX/RDM and External Trigger Arrangement capability is
shown. Additionally, other PCB Backplanes may be used
that are configured for use with sACN and ArtNET proto-
cols.

Accordingly, the present invention allows for multiple
levels of control. For example, in one configuration control
may be accomplished using Streaming ACN or ArtNet and
provides a full range of feedback and control abilities, such
as providing amperage, temperature and lamp hours and the
ability to check the status of any channel in any module in
any panel in the system. In another configuration control
may be provided using DMX or RDM and may provide the
ability to check the status of any channel ‘downstream’ of
the plug-in point. Additionally, all of the modules/devices
used in the MPCS 100 may be UL924-compliant devices.

In accordance with one embodiment of the present inven-
tion, the MPCS 100 (which may a self support structure or
may be mounted to a structure) may be assembled as
follows. The base enclosure 102 is obtained and the power
supply 152, Power Phase input terminals 154, 156, 158,
power output distribution block 160, neutral terminal 164
and ground terminal 162 are secured within the base enclo-
sure cavity 122. This may be accomplished via any method
suitable to the desired end purpose such as screws, adhesive,
clips, etc. Three-phase power conductors are introduced into
the base enclosure cavity 122 via an opening (not shown)
where the Phase A conductor is connected to the Phase A
input terminal 154, the Phase B conductor is connected to
the Phase B input terminal 156 and the Phase C conductor
is connected to the Phase C input terminal 158. Additionally,
the neutral conductor of the input power is connected to the
neutral terminal 164 and the ground conductor of the input
power is connected to the ground terminal 162. The power
supply may be powered by the input power by connecting
the power lead of the power supply to one of the Phase input
terminals 154, 156, 158. Additionally, the base enclosure
door 104 is obtained and the plurality of power connectors
166 (where the number of power connectors 166 being used
is dependent upon the number of modules the system can
accommodate) are secured to the base enclosure door 104
such that the mating portion of the power connectors are
protruding through the plurality of power connector open-
ings 140 such that the mating portion of the power connec-
tors are accessible via the base enclosure door front 126. The
PCB Backplane 170 is connected to the base enclosure door
104 to be located within the base enclosure door cavity 136
such that the plurality of signal connectors 168 are protrud-
ing from the plurality of signal connector openings 142.

The base enclosure door 104 is connected to the base
enclosure 102 (such that the base enclosure opening 124 is
proximate to the base enclosure door opening 138) via a
hinge 144 which allows the base enclosure door 104 to rotate
between a closed configuration (where the base enclosure
door 104 covers and encloses the base enclosure cavity 122)
and an open configuration (where the base enclosure door
104 is rotated away from the base enclosure 102). A locking
device (not shown) may be provided to secure and/or lock
the base enclosure door 104 in the closed configuration to
limit and/or prevent access to the base enclosure cavity 122
for safety and/or security purposes. It should be appreciated
that the locking device may be any type of locking device
suitable to the desired end purpose, such as a lock/catch
combination or the locking device may simply be one or
more screws that secure the base enclosure door 104 to the
base enclosure 102. The power phases at each of the Phase
input terminals 154, 156, 158 are then connected to the
power input pins of the power connectors 166 to be config-
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ured as shown in FIG. 4B, FIG. 4C and FIG. 4D and the
output pins of the power connectors 166 are connected to the
power output distribution block 160. Moreover, the power
from the power supply 152 is connected to the PCB Back-
plane 170. The base enclosure door 104 is then configured
into the closed configuration to enclose and isolate the base
enclosure cavity 122 and the base enclosure door cavity 136
from the external environment. This configuration advanta-
geously secures the base enclosure cavity 122 and the base
enclosure door cavity 136 from unwanted access but also
provides a high degree of safety by preventing unintended
contact with high power components.

The module enclosure 106 is securely mounted to the base
enclosure door 104 such that that the module enclosure rear
opening 204 is adjacent the base enclosure door front 126.
Guide pins may be provided on the on the base enclosure
door front 126 and guide holes may be provided on the
module enclosure rear 194 to help position the module
enclosure 106 for mounting. It should be appreciated that the
module enclosure rear opening 204 allows access to the
plurality of power connectors 166 and plurality of signal
connectors 168 via the module enclosure front opening 206.
The module enclosure internal support 108 is located within
the module enclosure cavity 202 and mounted to the module
enclosure sides 200 and/or module enclosure rear 194. The
module enclosure 106 may be secured to the base enclosure
door 104 and the module enclosure internal support 108 may
be secured to the module enclosure 106 via any device or
method suitable to the desired end purpose, such as screws,
clips, adhesive, etc. It should be appreciated that the design
of the module enclosure 106 and module enclosure internal
support 108 allow for the module enclosure cavity 202 to be
substantially open. It should be further appreciated that one
or more airflow fans 242 (powered by the power supply 152)
may be mounted (via screw, clip, adhesive, etc.) on the
module enclosure bottom 198 under the modules 216 and
vent openings 244 may be included on the module enclosure
top 196. Additionally, it should be appreciated that the
chimney airflow module 217 may be associated with the
module enclosure internal support 108 to be located proxi-
mate the module enclosure bottom 198.

Referring to FIG. 15, this configuration advantageously
creates and functions as a “heat chimney” within the module
enclosure, with the chimney airflow module 217 directing
the air flow from the airflow fans 242 upward toward the
modules 216 and out of the vent openings 244. Additionally,
the modules 216 are configured as an ‘open’ design (See
FIG. 7A) where the top and bottom of the module 216 is
open (or includes openings) to accommodate airflow
through the module 216 to flow between the top of the
module 216 and the bottom of the module 216. This advan-
tageously allows the airflow to contact the components
within the module 216 and thus any heat generated from the
module component is directed up and out of the module
enclosure 106 via the vent openings 244. It should be
appreciated that the Modular Power Control System
(MPCS) 100 may or may not include (one or more) chimney
airflow modules 217 as desired. For example, in a Modular
Power Control System (MPCS) 100 which is filled with
modules 216 a chimney airflow module 217 may not be
used. Moroever, in a Modular Power Control System
(MPCS) 100 which is not completely filled with modules
216, the empty module locations may be kept empty as
desired.

At this point, one or more modules 216 may be located
within the module enclosure 106 by inserting the side
channel guides 234 of the module 216 within the module
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guide channel pairs 214 and sliding the module 216 along
the module guide channel 214 toward the back of the module
enclosure cavity 202. As the module 216 approaches the
back of the module enclosure cavity 202, the module hous-
ing power connector 226 and the module housing signal
connector 228 contact the power connector 166 and signal
connector 168, respectively and mate together such that the
power and signal leads from the module housing power
connector 226 is connected to the power connector 166 and
such that the module housing signal connector 228 is
connected to the signal connector 168. This advantageously
provides power and signal connection between the module
216 and the base enclosure 102.

Accordingly, when the airflow fans 242 are activated, the
air flow path is directed upward toward the vent openings
244. As discussed above the chimney airflow module 217
may be used to further direct the airflow to the modules 216.
This advantageously creates and operates as a “heat chim-
ney” directing the airflow over the module component and
directing heat from the modules components up and out of
the vent openings 244.

In accordance with one embodiment of the present inven-
tion, a method for reducing heat within a module enclosure
is provided and includes creating and/or receiving an airflow
into the enclosure, directing the airflow through the enclo-
sure such that the airflow is at least partially incident on at
least one of the heat generating and/or non-heat generating
components and directing the airflow out of the enclosure,
where the airflow may be created/directed using active
methods (i.e. fans) and/or passive methods (guides).

It should be appreciated that the enclosure proportions
may be based on airflow and/or Ampacity requirements.
This advantageously allows for the enclosures to be reduced
in size. For example, FIG. 16 shows one embodiment of
different sizes for an MPCS 100 relative to Ampacity with
varying number of modules. Additionally, the configuration
of'the present invention advantageously provides a degree of
isolation between the internal components of the MPCS 100
and the external environment, resulting in a safer system and
reducing/eliminating the introduction of dust and other
debris into the MPCS 100. Furthermore, the fan(s) 242 may
be operated on a continuous basis (no on/off noise transi-
tioning) to advantageously allow the MPCS 100 to be used
in noise sensitive environments. Moreover, the communi-
cation ability of the modules may allow the modules 216 to
have the ability to report operational characteristics. For
example, the module may be configured to report the tem-
perature and amperage present at each channel. Or the
module may be configured to check amperage, temperature
or lamp hours of any other module from anywhere in the
system. Also, modules may have zero-cross sensing to
prevent arcing and extend the life of all the relays, whether
they are single, double or dimming.

Additionally, it is contemplated that multiple MPCS’s 100
may be connected together to create a larger control array.
Furthermore, the design of the MPCS 100 allows modules
with single-pole devices and modules with double-pole
devices to be used in the same system. Also, the design
allows modules to be stacked in numerical order (if desired)
and do not require balancing.

It should be appreciated that although the MPCS 100 of
the present invention is discussed herein as having six (6)
modules, the MPCS 100 of the present invention is prefer-
ably configured to accommodate any number of modules (in
multiples of three (3)) suitable to the desired end result, such
as 3, 6, 9, 12 or 15 modules. This is because the power
phases (Phase A, Phase B, Phase C) are distributed across
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three (3) of the power connectors 166. For example, as
discussed hereinabove, the first power connector 180 pro-
vides a connection to power Phase A and power Phase B, the
second power connector 182 provides a connection to power
Phase C and power Phase A and the third power connector
184 provides a connection to power Phase B and power
Phase C. Accordingly, this configuration advantageously
helps to ensure that the loads connected to the power phases
are as balanced as possible across all three (3) phases (Phase
A, Phase B, Phase C). It should be appreciated that in the
above configuration the power phase-connector pattern
(A-B, C-A, B-C) may be repeated every third power con-
nector 166. However, it should be appreciated that although
the modules are discussed herein as being in groups of three
(3, 6,9, 12, 15, 18, etc. . . . ) for load balancing purposes,
any number of modules may be used as desired, such as 4,
5 7, etc..... In this case, the system would operate, but
would be unbalanced and thus less stable.

Referring to FIGS. 17-22, a Modular Power Control
System (MPCS) 300 is shown in accordance with another
embodiment and includes a system enclosure 302 defining
an enclosure cavity 304 and having an enclosure front 306
defining a front opening 308 communicated with the enclo-
sure cavity 304. The system enclosure 302 includes an
enclosure rear 310, enclosure sides 312, enclosure bottom
314 and an enclosure top 316. The system enclosure 302
further includes an enclosure door 318 which is attached to
at least one of the enclosure front 304 and/or enclosure side
312, where the enclosure door 318 is configurable (for
example by rotating) to cover and/or uncover the front
opening 308 to allow or prevent access to the enclosure
cavity 304. Additionally, the MPCS 300 further includes at
least one first module internal support 320, at least one
second module internal support 322, at least one module 324
and a MPCS controller 426. It should be appreciated that the
MPCS 300 is configurable to include one or more modules
324 as desired. Additionally, for each module 324, the
MPCS 300 includes one first module internal support slot
321 and one second module internal support slot 323,
wherein the first module internal support 320 and one side
of the module 324 engage with each other and the second
module internal support 322 and the other side of the module
324 engage with each other such that the module 324 is
securely and removably contained within the enclosure
cavity 304.

Referring to FIG. 22A and FIG. 22B, the MPCS 300
includes a first bus bar 326, a second bus bar 328 and a third
bus bar 330, wherein the first bus bar 326, second bus bar
328 and third bus bar 330 are connected to the enclosure rear
310 via an electrically insulated mount. It should be appre-
ciated that the first bus bar 326 includes a Phase A power
input terminal 332 connected to the first bus bar 326, a Phase
B power input terminal 334 connected to the second bus bar
328 and a Phase C power input terminal 336 connected to
the third bus bar 330. It should be further appreciated that the
first bus bar 326, second bus bar 328 and third bus bar 330
are configured to extend vertically between the enclosure top
316 and enclosure bottom 314 to be proximate to and extend
away from the enclosure rear 310. The MPCS 300 further
includes a neutral terminal 338 and a ground terminal 340
located proximate the enclosure rear 310 and the enclosure
top 316 (and/or enclosure bottom 314 as desired) includes
one or more openings of which input power are brought into
and output power is brought out of the system enclosure 302.
Thus, the ground connection for the modules 324 is provided
through the system chassis. Referring to FIG. 22B, it should
be appreciated that although the bus bars 326, 328, 330 are
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shown as being generally rectangular plates of a conductive
material, the bus bars 326, 328, 330 may be any shape
desired. Additionally it should be appreciated that the bus
bars 326, 328, 330 are securely connected to the enclosure
rear 310 via a bus bar mounting device 327 wherein the bus
bars 326, 328, 330 are connected to the bus bar mounting
device 327 via an insulated mounting block 329.

As discussed briefly above the MPCS includes at least one
first module internal support slot 321 and at least one second
module internal support slot 323, wherein the first module
internal support slot 321 and second module internal support
slot 323 are located within the enclosure cavity 304. It
should be appreciated that the first module internal support
320 is securely connected to the internal surface of one
enclosure side 312 and the second module internal support
322 is securely connected to the internal surface of the other
enclosure side 312, such that the first module internal
support slot 321 and the second module internal support slot
323 form a slot pair and are located in approximately the
same horizontal plane. It should be appreciated that in the
embodiment disclosed herein, MPCS 300 includes four (4)
modules 324 wherein each of the modules 324 is removably
associated with the system enclosure 302 via a pair of first
and second module internal support slots 321, 323. It is
contemplated that in other embodiments, the MPCS 300
may be configured to have as many modules 324 as desired,
such as one (1) module 324 or ten (10) modules 324.
Additionally, it is contemplated that multiple first module
internal supports slots 321 and/or multiple second module
internal support slots 323 may be combined in a single
structure (See FIG. 22A) and/or may be single units that are
connected to the internal side wall of the system enclosure
302.

Referring to FIG. 23 to FIG. 33B, the module(s) 324 are
similar to the modules as discussed hereinabove and
includes a module front 344, a module rear 346, a module
top 348, a module bottom 350 and two module sides 352,
wherein the module rear 346, module top 348, module
bottom 350 and module sides 352 define a module cavity
354 for containing multiple components. It should be appre-
ciated that as discussed hereinabove, the module compo-
nents are dependent upon the function of the module 324.
For example, if the module 324 is a dimmer module, then the
module 324 may contain dimmer power components (such
as two (2) or more SCR 120V 10 A dimmers) as well as
dimmer control circuitry. In another embodiment, if the
module 324 is a relay module, then the module 324 may
contain single-pole (such as two (2) Single-Pole 20 A 120V
relays) or double-pole (such as one (1) Double-Pole 20 A
220V relay) relays as well as relay control circuitry/
switches. It is contemplated that the MPCS 300 may include
any mix of modules 324 as desired. For example, although
the MPCS 300 is described herein as using relay and dimmer
modules, any type of modules that may be used for power
distribution applications (i.e. for architectural, entertain-
ment, etc.) may be used, such as modules that provide power
and control of fluorescent ballasts and various other dim-
ming techniques. Also, the modules may be used for power
distribution and control to various other types of electronic/
electrical equipment. It should be appreciated that the pres-
ent invention advantageously provides access to all power
phases as desired without having to reconfigure the entire
system. Furthermore, the modules 324 include a module
output terminal 325 electrically associated with one or more
of the module components to allow the power that was
conditioned by the module components to be distributed out
of the MPCS 300, wherein the module output terminal 325
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includes a Phase A conductor electrically connected to the
conditioned Phase A signal, a Phase B conductor electrically
connected to the conditioned Phase B signal and a Phase C
conductor electrically connected to the conditioned Phase C
signal.

Additionally, similar to the module shown in FIG. 7C, it
should be appreciated that module 324 may also be config-
ured as a chimney airflow module 324, where the module
cavity 354 is left unpopulated (or only sparsely populated)
with an area that is substantially free of obstruction to allow
airflow there through. The configuration of the chimney
airflow module 324 advantageously acts as a flow path guide
to direct airflow between the enclosure bottom 314 and the
enclosure top 316. Referring to FIGS. 23-33B, the module
sides 352 include a side channel guide 356 that is configured
(i.e. size and shape) to slidingly and supportingly interact
with the first and second module internal supports 320, 322,
where the side channel guide 356 on one module side 352
interacts with the first module internal support 320 and the
side channel guide 356 on the other module side 356
interacts with the second module internal support 322, such
that the module 324 is securely and removably contained
with the enclosure cavity 304. This may be accomplished via
a resilient member 358 (associated with the first and/or
second module internal support 320, 322 and/or the side
channel guide 356) that prevents the module 324 from being
removed from the side channel guide 356. When the resilient
member 358 is compressed, the module 324 may be
removed from the side channel guide 356.

Referring again to FIGS. 23-33B, as discussed above it
should be appreciated that various types of modules 324
may be used with the MPCS 300, wherein the MPCS 300
may include only one type of module or various types of
modules, as desired. In one embodiment, a module 324 may
be a Triple Single Pole Relay Module which is rated for
120V, 20 A power per circuit. In another embodiment, a
module 324 may be a Triple Dimmer Module which is rated
for 120V, 20 A power per circuit. In this embodiment, the
dimmer may include a toroidal filter assembly which modi-
fies the rate of current rise (“rise time”) within that circuit
and may operate with a rise time of 350 microseconds (uis).
In still yet another embodiment, a module 324 may be a
Single Pole Relay/Double Pole Relay Module which is rated
for 120V, 20 A power per circuit. In still yet another
embodiment, a module 324 may be a Single Dimmer/Dual
Single Pole Relay Module which is rated for 120V, 20 A
power per circuit. In this embodiment, the dimmer may
include a toroidal filter assembly which modifies the rate of
current rise (“rise time”) within that circuit and may operate
with a rise time of 350 microseconds (us). In still yet another
embodiment, a module 324 may be a Single Dimmer/
Double Pole Relay Module which is includes one SCR
Dimmer Circuit rated for 120V, 20 A and one Double Pole
Relay Circuit each rated for 240V, 20 A. In still yet another
embodiment, a module 324 may be a Plenum Module which
may occupy unpopulated module chamber slots. It should be
appreciated that the MPCS 300 may be rated for any
voltage/amperage needed per application and as suitable to
the desired end purpose. For example, FIG. 33B, illustrates
embodiments of MPCS 300 configured for four (4), eight (8)
and sixteen (16) modules.

Referring to FIGS. 34-37, the module 324 further includes
a Phase A bus bar connector 360, a Phase B bus bar
connector 362 and a Phase C bus bar connector 364 located
proximate the module rear 346, wherein the Phase A bus bar
connector 360 is configured to conductively associate with
the first bus bar 326, the Phase B bus bar connector 362 is
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configured to conductively associate with the second bus bar
328 and the Phase C bus bar connector 364 is configured to
conductively associate with the third bus bar 330. It should
be appreciated that the Phase A bus bar connector 360, Phase
B bus bar connector 362 and Phase C bus bar connector 364
are configured to have a receiving slot 365 that is sized and
shaped to receive and conductively interact with the bus bars
326, 328, 330 such that a conductive connection is made
between the bus bar connectors 360, 362, 364 and the bus
bars 326, 328, 330.

It should be appreciated that the Phase A, B, C connectors
360, 362, 364 are securely associated with the module rear
346 to extend therefrom and are connected to a circuit
breaker 366 (or other switch or component that is located
within the module). Additionally, an electrically insulated
material 368 (such as Mylar and/or FR4 (Epoxy Laminate))
is used to separate the module rear 346 from the electrically
conductive bus bars 326, 328, 330. The Phase A connector
360 is connected to the circuit breaker 366 via a first bus bar
370, the Phase B connector 362 is connected to the circuit
breaker 366 via a second bus bar 372 and the Phase C
connector 364 is connected to the circuit breaker 366 via a
third bus bar 374, wherein the first, second and third bus bars
370, 372, 374 are isolated via an insulating material (such as
Powder Coat or Lamination). It should be appreciated that
the Phase A, Phase B and Phase C power is then distributed
to the module 324 following the circuit breaker 366 to allow
the power phases to be isolated from the rest of the module
324 as desired. It should be appreciated that in other
embodiments, the MPCS may be configured such that the
electrically conductive bus bars 326, 328, 330 may be
located on the rear of the module 324 and the bus bar
connectors 360, 362, 364 are located on the rear of the
enclosure. Additionally, it should be appreciated that the
electrically conductive bus bars 326, 328, 330 may also
include a neutral bus bar and a ground bus bar and the bus
bar connectors may include a neutral bus bar connector and
a ground bus bar connection for connection to the module
324. This would allow the neutral and ground to be con-
nected directly to the modules 324 if desired. It is contem-
plated that any number and/or arrangement of bus bars and
bus bar connectors may be used as desired.

Additionally, referring to FIG. 38 to FIG. 40, the MPCS
300 further includes a terminal backplane 376 having one or
more Terminal Blocks (TB) 378, wherein each of the Ter-
minal Blocks (TB) 378 include a Terminal-Module Interface
(TMI) 380 and an output distribution block 382. It should be
appreciated that the output distribution block 382 includes a
Phase A output wire connector 384, a Phase B output wire
connector 386 and a Phase C output wire connector 388 and
the TMI 380 includes a TMI Phase A connector 390, a TMI
Phase B connector 392 and a TMI Phase C connector 394,
wherein the Phase A output wire connector 384 is electri-
cally connected to the TMI Phase A connector 390, the Phase
B output wire connector 386 is electrically connected to the
TMI Phase B connector 392 and the Phase C output wire
connector 386 is electrically connected to the TMI Phase C
connector 392. Moreover, it should be appreciated that in
one embodiment the TMI 380 is configured to receive and
frictionally contain the module output terminal 325 of the
module 324 via a “push-in” connection.

When the module 324 is associated with the MPCS 300,
the side channel guide 356 on one module side 352 interacts
with the first module internal support 320 and the side
channel guide 356 on the other module side 356 interacts
with the second module internal support 322 to lockingly
and securely locate the module with the MPCS 300. When
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the module 324 is fully inserted into the MPCS 300 the first
bus bar 326 slides into and is contained within the Phase A
bus bar connector 360 to conductively associate with the
first bus bar 326, the second bus bar 328 slides into and is
contained within the Phase B bus bar connector 362 to
conductively associate with the second bus bar 328 and the
third bus bar 330 slides into and is contained within the
Phase C bus bar connector 364 to conductively associate
with the third bus bar 330.

Referring again to FIG. 37 the bus bar 326, 328, 330 fits
within the Phase A, B, C connectors 360, 362, 364 such that
a conductive connection between the bus bar 326, 328, 330
and the Phase A, B, C connectors 360, 362, 364 exists. In
this way, the Phase A, Phase B and Phase C power is
connected to the modules 324. It should be appreciated that
this conductive connection may be accomplished via any
method suitable to the desired end purpose, such as, but not
limited to, a friction fit connection. Additionally, as the
module 324 is lockingly and securely located within the
MPCS 300, the module output terminal 325 is pressingly
and frictionally associated with the TMI 380 such that the
Phase A conductor of the module output terminal 325 is
electrically connected to the TMI Phase A connector 390, the
Phase B conductor of the module output terminal 325 is
electrically connected to the TMI Phase B connector 392 and
the Phase C conductor of the module output terminal 325 is
electrically connected to the TMI Phase C connector 394. As
shown in FIG. 41 and FIG. 42, it should be appreciated that
the MPCS 300 may be configured for three-phase use or for
single-phase use as desired.

Referring to FIGS. 43-46, the MPCS controller 426
includes a controller front panel 428, a controller backplane
429 and a system controller which may include a processing
device and may be configured to accept multiple control
communication protocols, distribute communications to
modules 324 within the MPCS 300 and provide a user
interface for panel commissioning and configuration. In
accordance with one embodiment of the invention, the
MPCS controller 426 may be configured to support a
plurality of control protocols (such as, but not limited to
DMX-512A,RDM, E1.31, sACN and ArtNET) and the front
panel 428 may include a multi-button keypad 432 (that may
be hard and/or soft (Touch Menu Items) keys) to control the
MPCS 300 and input information and commands. The front
panel 428 may further include a display 434 (for example,
one embodiment may include a back-lit, two line, 20 char-
acter display visible on the front panel 428 that provides
information for panel configuration and status indication)
and may be configured to store multiple preset commands/
parameters, wherein the preset commands/parameters may
be user programmable and executable. Additionally, the
MPCS controller 426 may be accessed and operated
remotely and/or on-site and may be configured with a
recorded preset that serves as an ‘emergency’ look (UL924)
and that may be activated from the remote source. Further-
more, the MPCS controller 426 is communicated with the
modules 324 to control the operation of the modules 324.
The MPCS controller 426 is configured to allow a user to set
individual circuits to specific levels and allows the modules
324 to be active. Moreover, the front panel further includes
a Ethernet connector 436 (for example, Neutrik®, ether-
CON®) which allows for connection to FEthernet-based
communication networks. Additionally, the controller back-
plane 429 is configured to distribute power (and/or control
the distribution of power) throughout the system for opera-
tion of the MPCS 300. In still yet other embodiments, the
MPCS 300 may be operated via the MPCS controller 426 to



US 9,502,866 B1

17

be fully automatic and/or each of the modules 324 may be
configured to include a controller to assume partial or full
control of the function of the modules 324 and may be
configurable to operate in a parallel and/or a serial configu-
ration.

Referring to FIG. 47 and again to FIG. 20, FIG. 21 and
FIG. 39, the enclosure top 316 includes one or more upper
vents 450 and the enclosure bottom 314 includes a lower
vent 452, wherein the upper vent 450 is located to be directly
over the modules 324 and the lower vent 452 is located to
be directly under the modules 324. The MPCS 300 further
includes one or more fans 454 which are located above the
modules 324 to be between the modules 324 and the upper
vent 450. It should be appreciated that in other embodiments
the fans 454 and/or additional fans may be located below the
modules 324 to be between the modules 324 and the lower
vent 452. Referring to FIG. 48, it should be appreciated that
this configuration allows for a combination of convention
and forced-air airflow to flow into the lower vent 452, over
and/or through the module components and cavities 354 and
out of the upper vent 450. Additionally, the enclosure top
316 includes one or more top openings 456 (which may have
removable covers) to allow input power to be brought in and
output power to be brought out and the enclosure bottom 314
may include one or more bottom openings 458 (which may
have removable covers) to allow control signals to be
brought in.

It is contemplated that MPCS 100, 300 may include
processing circuitry that is configurable to monitor the
modules 324 and/or perform a self-check diagnostic proce-
dure in a manner responsive to a predetermined algorithm on
a system wide basis and/or on a module by module basis.
Additionally, it is contemplated that the MPCS 100, 300
may also include a storage device that may store the results
of the diagnostic procedure and/or performance history,
wherein the storage device may be a volatile and/or a
non-volatile memory suitable to the desired end purpose.
Accordingly, the processing circuitry may include, but not
be limited to, a processor(s), computer(s), memory, storage,
register(s), timing, interrupt(s), communication interface(s),
and input/output signal interface(s), as well as combination
comprising any of the foregoing.

The invention may include (at least in part) a computer or
controller implemented processes which may also be
embodied in the form of computer program code containing
instructions embodied in tangible media, such as floppy
diskettes, CD-ROMs, hard drives, and/or any other com-
puter-readable medium, wherein when the computer pro-
gram code is loaded into and executed by a computer or
controller, the computer or controller becomes an apparatus
for practicing the invention. The invention can also be
embodied in the form of computer program code, for
example, whether stored in a storage medium, loaded into
and/or executed by a computer or controller, or transmitted
over some transmission medium, such as over electrical
wiring or cabling, through fiber optics, or via electromag-
netic radiation, wherein when the computer program code is
loaded into and executed by a computer or a controller, the
computer or controller becomes an apparatus for practicing
the invention. When implemented on a general-purpose
microprocessor the computer program code segments may
configure the microprocessor to create specific logic circuits.

It should be appreciated that while the invention has been
described with reference to an exemplary embodiment, it
will be understood by those skilled in the art that various
changes, omissions and/or additions may be made and
equivalents may be substituted for elements thereof without
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departing from the spirit and scope of the invention. In
addition, many modifications may be made to adapt a
particular situation or material to the teachings of the
invention without departing from the scope thereof. There-
fore, it is intended that the invention not be limited to the
particular embodiment disclosed as the best mode contem-
plated for carrying out this invention, but that the invention
will include all embodiments falling within the scope of the
appended claims. Moreover, unless specifically stated any
use of the terms first, second, etc. do not denote any order
or importance, but rather the terms first, second, etc. are used
to distinguish one element from another.

What is claimed is:

1. A modular power control system, comprising:

an enclosure having an enclosure top, an enclosure bot-

tom, an enclosure front, an enclosure rear, a first
enclosure side and a second enclosure side, wherein the
enclosure defines an enclosure cavity and wherein the
enclosure further includes an input power connector;

a module internal support, wherein the module internal

support includes a first module support connected to the
first enclosure side and a second module support con-
nected to the second enclosure side, wherein the first
module support includes a first module channel and the
second module support includes a second module chan-
nel;

at least one module, wherein the at least one module

includes a module top, a module bottom, a module rear,
a module front and module sides which define a module
cavity, wherein each of the module sides include a side
channel guide for interacting with the first and second
module channels to support the module, wherein the
module includes at least one module power connector
configured to conductively associate with the input
power connector when the at least one module is
located within the enclosure cavity and wherein the
module top and module bottom are at least partially
open to allow airflow through the module cavity.

2. The modular power control system of claim 1, wherein
the at least one module power connector includes a module
Phase A connector, a module Phase B connector and a
module Phase C connector.

3. The modular power control system of claim 2, wherein
each of the module Phase A connector, module Phase B
connector and module Phase C connector defines a connec-
tor slot for interacting with the input power connector.

4. The modular power control system of claim 2, wherein
the input power connector includes a Phase A bus bar, a
Phase B bus bar and a Phase C bus bar, wherein the Phase
A bus bar, Phase B bus bar and Phase C bus bar are
proximate to and extend away from the enclosure rear.

5. The modular power control system of claim 4, wherein
the module Phase A connector, module Phase B connector
and module Phase C connector each define a connector slot
and wherein when the at least one module is located within
the enclosure cavity, the Phase A bus bar is located within
the connector slot of the module Phase A connector, the
Phase B bus bar is located within the connector slot of the
module Phase B connector and the Phase C bus bar is
located within the connector slot of the module Phase C
connector.

6. The modular power control system of claim 1, wherein
the enclosure top includes at least one opening configured to
receive input power for distribution to the input power
connector.

7. The modular power control system of claim 1, wherein
the at least one module includes a plurality of modules
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located within the enclosure cavity such that one of the
plurality of modules is located either directly below or
directly above another of the plurality of modules.

8. The modular power control system of claim 7, wherein
the enclosure top includes a top vent opening and the
enclosure bottom includes a bottom vent opening, wherein
the plurality of modules are located within the enclosure
cavity to be below the top vent opening and above the
bottom vent opening.

9. The modular power control system of claim 8, further
including at least one fan located within the enclosure cavity
to be above the plurality of modules and below the top vent
opening, such that when operated an airflow is created from
the bottom vent opening through the plurality of modules to
the top vent opening.

10. The modular power control system of claim 1, further
comprising at least one of a neutral connection and a ground
connection located proximate to the enclosure rear.

11. A modular power control system, comprising:

an enclosure having an enclosure rear and defining an
enclosure cavity,

an input power Phase A bus bar,

an input power Phase B bus bar,

an input power Phase C bus bar;

a first module support and a second module support
located within the enclosure cavity and connected to
the enclosure, wherein the first module support
includes a first module channel and the second module
support includes a second module channel; and

at least one module, wherein the at least one module
includes a module top, a module bottom, a module rear,
a module front and module sides, wherein each of the
module sides include a side channel guide configured to
slidingly interacting with the first and second module
channels to support the module within the enclosure
cavity and wherein the module rear includes a module
power Phase A connector configured to conductively
mate with the input power Phase A bus bar, a module
power Phase B connector configured to conductively
mate with the input power Phase B bus bar and a
module power Phase C connector configured to con-
ductively mate with the input power Phase C bus bar
when the module is contained within the enclosure
cavity and wherein the module top and module bottom
are at least partially open to allow air to flow through
the module.
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12. The modular power control system of claim 11,
wherein the module power Phase A connector defines a
connector slot configured to interact with the input power
Phase A bus bar, the module power Phase B connector
defines a connector slot configured to interact with the input
power Phase B bus bar and the module power Phase C
connector defines a connector slot configured to interact
with the input power Phase C bus bar.

13. The modular power control system of claim 12,
wherein when the at least one module is located within the
enclosure cavity, the Phase A bus bar is located within the
connector slot of the module Phase A connector, the Phase
B bus bar is located within the connector slot of the module
Phase B connector and the Phase C bus bar is located within
the connector slot of the module Phase C connector.

14. The modular power control system of claim 11,
wherein the input power Phase A bus bar, input power Phase
B bus bar and input power Phase C bus bar are located
proximate to and extend away from the enclosure rear.

15. The modular power control system of claim 11,
wherein the enclosure includes an enclosure top and an
enclosure bottom, wherein the enclosure top includes at least
one opening configured to receive input power for distribu-
tion to at least one of the input power Phase A bus bar, input
power Phase B bus bar and input power Phase C bus bar.

16. The modular power control system of claim 11,
wherein the at least one module includes a plurality of
modules located within the enclosure cavity such that one of
the plurality of modules is located either directly below or
directly above another of the plurality of modules.

17. The modular power control system of claim 11,
wherein the enclosure includes an enclosure top and an
enclosure bottom, wherein the enclosure top includes a top
vent opening and the enclosure bottom includes a bottom
vent opening, wherein the at least one module is located
within the enclosure cavity to be below the top vent opening
and above the bottom vent opening.

18. The modular power control system of claim 15,
further comprising at least one fan located within the enclo-
sure cavity to be above the at least one module and below the
top vent opening, such that when operated an airflow is
created from the bottom vent opening through the at least
one module to the top vent opening.

19. The modular power control system of claim 11, further
comprising at least one of a neutral connection and a ground
connection located proximate to the enclosure rear.
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