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(57) Abstract: A synchronous transter control system includes an arc resistant enclosure (8) having a main housing (26) having an
open top portion (40) and an arc plenum (28), the arc plenum having a closed front portion (42), a closed rear portion (44), and at
least one open side portion (46, 48), and a plurality of synchronous transter control components housed within the main housing in -
cluding: (i) a hard bussed first bus (10) structured to be coupled to a first power source (6), (i) a second power source (14), and (iii)
a hard bussed second bus (12), wherein an output of the second power source is able to be selectively coupled to the second bus,
wherein the first bus is able to be selectively and individually coupled to each of the motors, and wherein the second bus is able to
be selectively and individually coupled to each of the motors.
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SYNCHRONOUS TRANSFER CONTROL
SYSTEM IN AN ARC RESISTANT ENCLOSURE

CROSS-REFERENCE TO RELATED APPLICATION

This application claims prionity from and claims the benefit of U.S.
Patent Application Serial No. 14/032,895, filed September 20, 2013, which is
mceorporated by reference herein.

BACKGROUND

The disclosed concept refates generally to a system for controlling the

operation of multiple electric motors m an industrial setting (e g . a pumping station},
and, in particalar, to a synchronous transfer control system that is provided in an arc
resistant enclosure that meets [EEE C37 20,7 standards.

Backeround Information

There are numerous settings wheretn multiple motors are employed to
drive heavy machinery. For example, multiple high horsepower glectric motors are
used in & pumping system, such as, without hmttation, a water pumping system. Asis
known in the art, in such settings, there are a number of devices that can be used to
control the motors. In particular, contactors, soft starters, and variable frequency
drives {VFDs) (also referred to as adjustable frequency drives or AFDs) are different
types of devices that can be used to control @ motor in such a setting,

A contactor simply connects the motor directly across the AC line. A
motor connected to the AC line will accelerate very quickly to full speed and diaw a
farge amount of current during acceleration. Thus, use of a contactor ouly to controt a
motor has nmany drawbacks, and in many industrial settings will not be pernitted by
the electric utility. A soft starter 15 a device used to slowly ramp up a motor to full
speed, andfor slowly ramp down the motor to a stop. Reducing both current draw and
the mechgnical sivain on the system are big advantages of using a soft starter in place
ot a contactor. Many large pumps and fans requare at least a 30-second ramp time to
prevent mechanical damage o the system. Soft starters ave more common on larger
horsepower systems, A VFD not only has the ramping ability of a soft starter, but

also allows the speed to be vanied, while offering more flexibility and features.
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In addition, in settings where multiple motors are emploved, there is
the danger that one or more of the motors andfor motor drive devices could
experience a fault resulting in a dangerous explosion.

There s thus a need for a system for controlling the operation of
multiple electric motors in an industrial setting that will also protect workers in the
environment i the event of dangerous fault condition.

SEMMARY

These needs and others are met by embodiments of the disclosed
concept, which are directed to an are resistant synchronous transfer control system for
controtling operation of a number of electric motors. In one embodiment, the arc
resistant synchronous transfer control svstem includes an are resistant enclosure
having a main housing having an open top portion and an arc plenum fluidly coupled
to the top portion, the arc plenum having a closed front portion | & closed rear portion,
and at least one open side portion structured for divect or indirect connection to a duct
or vent system, the main housing having a namber of enclosure members each made
of a material having arc resistant ratings of S0kA - 0.5s, Type 2B, The arc resistant
svirchronous transfer control system also includes a plurality of synchwonous transfer
control components housed within the main housing, the synchronous transfer control
components including: (1) a bard bussed first bus structwred to be coupled to a first
power source, (1) a second power source, and (111} a hard bussed second bus, wherein
an output of the second power source is able to be selectively coupled o the second
bus, wherein the first bus is able to be selectively and individually conpled to each of
the motors, and wherein the second bus is able to be selectively and individually
coupled to each of the motors.

BRIEF DESCRIPTION OF THE DRAWINGS

A full understanding of the disclosed concept can be gained from the
following description of the preferred embodiments when read in conjunction with the
accompanying drawings i which:

FIG. 1 1s a schematic diagram of an arc resistant synchronous transfer
control system 2 for controlling the operation of multiple electric motors according to

an exemplary embodiment of the present invention;
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PG 2 s a front view of are resistant enclosure of the arc resistant
synchronous transfer control system according to an exemplary embodiment of the
present invention; and

FIGS. 3A, 3B and 3C are isomettic, front and left side views,
respectively, of an arc resistant sub-enclosure forming part of the are resistant
encloswre of FIG. 2.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Directional phrases used herein, such as, for example, left, rnght, front,
back, top, bottom and derivatives thereof] relate to the ontentation of the elements
shown in the drawings and are not lmiting upon the claims unless expressly recited
therein.

As employed herein, the term “fastener” refers to any suitable
connecting or tightening mechanism expressly including, bat not limited to, screws,
bolts and the combinations of bolts and nuts {e.g., without limitation, lock nuts) and
bolts, washers and muts.

As emploved herein, the statement thal two or more parts are
“coupled” together shall mean that the parts are joined together etther directly or
joined through one or more mtermediate paris.

As eraploved heretn, the term “number”™ shall mean one or an integer
greater than one (Le. a plurality),

As emploved herein, the terms “hard bus”, “bard bussed” or “hard
bussing” shall refer to a system of one or more electrical conductors that makes a
conunon connection between a number of circuits or circult components and that
employs metallic, e.g., copper, brass or aluminun, sfrips or bars that are connected,
e.g., bolted, together, as opposed to a cable or cables that are strung together to
interconnect & number of circuits or circutt components (which is usually used for

field connections).

FIG. | is a schematic diagram of an arc resistant synchronous transfer
control system 2 for controlling the operation of multiple eleciric motors according 1o
30 an exemplary embodiment of the present invention. System 2 includes a plurality of

electric motors 4. In the iHustrated embodiment, five motors 4 (labeled 4A-4E) we



WO 2015/041785 PCT/US2014/051610

provided. It will be pnderstood, however, that more or less motors 4 may be
provided within the scope of the present invention. System 2 further includes a main
power source 6, which in the exemplary embodiment is a 4160 V, 60 Hz main power
line (e.g., the 60 Hz vtility supply).

As seen in FIG. 1, system 2 includes an arc resistant enclosure 8 that is
structured to withstand an internal fault without endangering an operator who is
standing In front of the equipment. In the exemplary embodiment, arc resistant
enclosure § is structured to meet 1EEE C37.20.7 standards, and thus be arc resistant at
the front, sides and rear thereof, and to have the following arc resistant ratings: 30kA -
0.5s, Type 2B.

System 2 further includes a nomber of components that are provided m
are resistant enclosure 8. In particular, system 2 includes a man bus 10 that 15
directly coupled to mam power source 6, and a secondary bus 12, In the exemplary
embodiment, main bus 10 and secondary bus 12 are both hard bussed, and are made
of, for example and withont limitation, hard copper bus bars. As seen in FIG. 1, the
mput of a reduced voltage starter device 14 is coupled to mam bus 10. In the
exemplary embodiment, reduced voltage starter device 1415 a VED. Tt will be
understood, however, that reduced voltage starter device 14 may also take on other
forms, such as a soft starter, or a VFD with a redoced voltage solid state (RVSS)
bypass. As is known, this latter unplementation employs both a VFD and an integral
soft starter in a bypass configuration that allows the system to continue o run (via the
soft starter) in the event that the VFD fails. In one particnlar exemplary embodiment,
veduced voltage starter device 14 is an arc resistant VFD. The cutput of reduced
voltage starter device 14 s coupled 1o an output isolation contactor 16, which o turn
1s coupled to secondary bus 12,

in addition, each motor 4A-4E is coupled to main bus 10 through an
assoctated bypass contactor 18A-18E and bypass Iime 20A-20E. Each motor 4A-4E 15
also coupled o secondary bus 12 through an associated motor select contactor 22A-
22E and motor select Hine 24A-24E. In the exemplary embodiment, bypass lines 20A-
20F and motor select lines 24A-24E also hard bussed.

As noted above, in the exemplary embodiment, reduced voltage starter

device 14 is a VFD in order to mmplement a syachronous transter control system. In
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system 2, sach a VD accelerates the selected one of the motors 4A-4E 1o any
frequency the user wants between 0 and 60 Hz. This speed control is one of the mam
advantageous features of a VFD, In system 2 implemented as a synchronous transter
control system, the VFD is told by the user (through a controlier {e.g., PLC) coupled
to the VFD) to synchronize with the applied line power on main line 10, The VFD
then accelerates the selected ong of the motors 4A-4E to 60 Hz, and then aligns the
phase angle between the line power on main line 10 and the selected one of the
motors 4A~4E 10 60 Hz. When the selected one of the motors 4A-4E is in “svoe” with
applied line power on main Hne 10, the transfer occurs. Referving to FIG. 1, the
sequence of operation of system 2 is thus as follows for a normal start. First, the user
calls tor a start of a selected one of the motors 4A-4E. In response, motor select

contactor 22A-22E of the selected one of the motors 4A-4E 15 closed, and reduced

voltage starter device 1418 started. The first action of reduced voltage starter device

14 15 to close output isolation contactor 16, This will result in the selected one of the
motors 4A-~4E being connected to reduced voltage starter device 14 though the closed
output isolation contactor 16 and closed motor select contactor 22A-22E. During this
process, the bypass contactors 18A-18E remain open. Reduoced voltage starter device
{4 energizes and ramps the selected one of the motors 4A-4E. When the ramping is
complete, reduced voltage starter device 14 aligns with main bus 10, and closes the
bypass contactor 18A-18E of the selected one of the motors 4A-4E, and twrns itself
off. Finally, output isolation contactor 16 the motor select contactor 22A-22E of the
selected one of the motors 4A-4E 1s opened. Reduced voltage starter device 14 18
now available to start another one of the motors 4A-4E.

FIG. 2 s a front view of are resistant enclosure § showing centain
components that are provided i are resistant enclosare 8. As seen in FIG. 2, arc
resistant enclosure 8 1 made up of a number of a namber arc resisiant sub-enclosares
9 (labeled 9A-9K n the exemplary embodiment), and an arc resistant sub-enclosures
11, winch are described tn detail below. The arc resistant sub-enclosures 9 and the
arc resistant sub-enclosures T are positioned immediately next to one another to form
arc resistant enclosure 8, with each one of the arc resistant sub-enclosures 9A-9E

corresponding o one of the motors 4A-4E.
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FIGS. 3A, 38 and 3C are isometric, front and {eft side views,
respectively, of one of the arc resistant sub-enclosure 9 {i.e., one of $A-GE) showing
certain components that are provided therein, Bach arc resistant sub-enclosure 9
includes a mam howsing 26 which houses a number of the components of system 2,
and an arc plenum 28, Main housing 26 includes a front portion 32, a rear portion
34, a night side portion 36, a left side portion 38, and an open top portion 40. Arc
plenum 28 is attached to top portion 40 of main housing 26. Front portion 32, rear
portion 34, right side portion 36, and left side portion 38 each include one or more
enclosure members (e.g., a wall or cover with corner bracing) made of a material
having arc resistant ratings of SOkA ~ 0.5s, Type 2B, such as, without himutation, 12
gauge nuld (low carbon) steel. In FIGS. 3A and 3B, one such member 15 removed
from front portion 32 1 order to show the internal compartment 30 of main housing
28

Arc plenum 28 has a front portion 42, a rear portion 44 an open right
side portion 46, an open left side portion 48, a top portion 50, and an open bottom
portion 52, Front portion 42, rear portion 44 and top portion 50 each include one or
more enclosure members {e.g., a wall or cover with corner bracing) made of a
material having arc resistant ratings of 30kA - 0.5s, Type 28, such as, without
Hmutation, 12 gauge mild (low carbon) steel. Arc plenum 28 {and therefore iuternal
compariment 30 of main housig 20} is structwred to be fluidly connected to a
venting/duct system, similar to an HVAC duct, via open right side portion 46 and/or
open lefi side portion 48, Arc resistant sab-enclosures 11 is sumilar in structure to are
vesistant sub-enclosure 9 as just described. When arc resistant sub-enclosures 9A-9E
and 11 are positioned adiacent one another as shown in FIG. 2, the arc plemuns 28 are
coupled to one another and then to venting/duct systen.

Asseen in FIG. 2 and FIGS. 3A, 3B and 3C, at least the following
components of system 2 are housed within arc resistant enclosure 8 in a mannver such
that they are configured to operate as shown in FIG. 1 main bus 10, secondary bus
12, reduced voltage starter device 14, output isolation contactor 16, bypass contactors
18A-1RE and motor select contactors 22A-22E, More specifically, a portion of main
bus 10, a portion of secondary bus 12, reduced voliage starter device 14, and output

isolation contactor 16 are housed within the internal compartment of matn housing 26



WO 2015/041785 PCT/US2014/051610

10

ot
L

of arc resistant sub-enclosure 11, and a portion of main bus 10, a porbion of secondary
bus 12, a respective one of the bypass contactors ISA-18E and a respective one of
metor select contactors 22A-22E are housed within the tnternal compartment of main
housing 26 of each arc resistant sub-enclosure 9.

Arc resistant enclosure 8 thus functions as an arc resistant enclosure
that meets IEEE C37.20.7 standards for system 2. In operation, in the case of a fallure
of system 23, hot gasses and/or pressure waves will be vented up main housing 26 and
through arc plenum(s) 28 to the associated venting/duct system (and thus away from
personngl). In addition, such personnel will be protectedi/shielded from such hot
gasses andfor pressure waves by the enclosure members of main housing 26 and arc
plenum 28

In one embodiment, multiple arc resistant enclosares 8 may be placed
side by side to one another in a configaration whergin the are plenams 28 thereot are
in conumutcation with one another (the left side portion 48 of one being adjacent the
right side portion 46 of another, and so on} so as to provide an escape-way for hot
gasses anddor pressure waves in the event of a fatlure of one or more of the arc
resistant enclosures 8.

While specific embodiments of the disclosed concept have been
described in detarl, it will be appreciated by those skilled in the art that various
medifications and alternatives to those details could be developed n hight of the
overall teachings of the disclosure. Accordingly, the particular arrangements
disclosed are meant to be iflostrative only and not himiting as to the scope of the
disclosed concept which is to be given the full breadth of the claims appended and

any and all equivalents thereof
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What is claimed is;

1. A gynchronous transter control system {2) for controlling

operation of a number of eleciric motors (4}, comprising:

an gre resistant enclosure {8) having a main housing {26)
having an open top portion {40} and an arc plenum (28) fuidly coupled to the top
poriion, the arc plenom having a closed {ront portion (42}, a closed rear portion (44),
and at least one open side portion (46, 438} structured for divect or indirect connection
to a duct or vent system, the main housing having a number of enclosure members
each made of a matenial having arc resistant ratings of 30kA - 0.5s, Type 2B:

a plurality of synchronous transter control components honsed
within the mawm hounsivg, the synchronous transfer control components nclading: (1) a
hard bussed first bus (10 structured to be coupled 1o a first power souwrce {6), (i} a
second power source (14), and (i1 a hard bassed second bus {12), wherein an output
of the second power source 1s able o be selectively coupled 1o the second bus,
wherein the first bus is able to be selectively and individually coupled to each of the
motors, and wherein the second bus s able to be selectively and individually coupled

10 each of the motors.

2. The synchronous transter control systent according to claim |,
wherein the second power sowree 18 a reduced voltage starter device, wherein an wput
of the reduced voltage starter device is coupled to the first bus.

3. The syachronous transfer control svstem according to claim 2,

wherein the reduced voliage starter device comprises a variable frequency drive.

4. The synchroneus transter control system according to claim 3,

wherein the variable Trequency drive 15 an are resistant variable frequency drive.

5. The synchronous transfer control system according to claim 2,
wherein the plarality of synchronous transfer control compenents inchade a first

switching device (16), a number of second switching devices (18), and a namber of
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third switching devices (22), wherein an output of the reduced voltage starter device is
coupled to the second bus through the frst switching device {18}, wherein the first
bus is structured to be selectively coupled to each of the motors through a vespective
one of the second switching devices, and wherein the second bus is structured to be
selectively coupled to each of the motors through a respective one of the third

switching devices

6. The svynchronous transfer control system according to claim 5,
wherein the first switching device, each of the second switching devices and each of

the third switching devices is a contactor.

7. The synchronous transfer control system according to claim 1,

wherein the first bus and the second bus 1s each a hard bussed copper bus.

R The synchronous fransfer control system according to claim 1,
wherein the arc plenum includes an open right side portion (46) and an open left side

portion (48},

9. The synchronous mranster coutrol system according to clamn 1,
wherein the enclosure nmembers are each made of a nietal having arc resistant ratings

of SO0KA - 0.5s, Type 2B.

10, The synchronous transfer control system according to clamm 1,

wherein the enclosure members are cach made of 12 gange mild sieel
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