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1. 

VOLTAGE REGULATOR FOR A POWER 
DISTRIBUTION SYSTEMAND METHOD OF 

CONTROLLING SAME 

CROSS REFERENCE TO RELATED 
APPLICATION 

This application claims the benefit of U.S. Provisional 
Patent Application Ser. No. 62/033,372, filed Aug. 5, 2014, 
which is incorporated by reference herein. 

BACKGROUND 

Field 
The disclosed concept pertains generally to Voltage regu 

lators used to stabilize the Voltage being Supplied in a power 
distribution system, and, more particularly, to a Voltage 
regulator and method of controlling same that is able to 
accommodate the blending of a forward cogeneration mode 
of operation and a reverse power flow mode of operation due 
to system reconfiguration. 

Background Information 
The power distribution industry uses systems comprising 

a network of power lines to distribute electrical power to 
homes and businesses. In these power distribution systems, 
it is important that the electrical power be supplied continu 
ously and at a stable voltage level. If the supply of power is 
not stable and continuous, then consumers will experience 
problems such as flickering lights and the malfunction of 
electrical equipment such as computers. 
One problem that power companies face in trying to 

consistently supply stable and continuous power results 
from the fact that the electrical loads of their consumers are 
constantly changing. In particular, increased electrical loads 
on a power distribution system will have the tendency to 
reduce the voltage level of the supplied power. Likewise, 
decreased electrical loads on a power distribution system 
will tend to increase the voltage level of the supplied power. 

To compensate for the changing Voltage levels caused by 
changes in electrical load, power companies employ voltage 
regulating equipment to raise the Voltage level in response to 
an increase in load and to decrease the Voltage level in 
response to a decrease in load. A voltage regulating device 
is a power quality device that provides a stable output 
Voltage despite fluctuations in an input Voltage. A common 
type of Voltage regulating device is what is known as a 
transformer equipped with a load tap changer (LTC), typi 
cally located at distribution Substations. Step Voltage regu 
lators, an autotransformer, may also be used in distribution 
Substations and also on single power line feeders. For 
example, if an input voltage fluctuates between 110 VAC 
and 130 VAC, the voltage regulating device maintains the 
output voltage at a constant 120VAC. The Voltage regulat 
ing device operates by comparing the actual output voltage 
(which is either measured directly or calculated) to a fixed 
reference Voltage set point (a user-defined setting). The 
reference Voltage set point is typically stored within a 
Voltage regulator control unit, which controls operation of 
the Voltage regulator. The Voltage regulator control unit 
determines the difference between the actual output voltage 
and the reference Voltage set point and uses this difference 
to control a regulating element. The regulating element is 
typically a tap changer that establishes and varies as needed 
the winding ratio between a primary and a secondary 
transformer winding, or a series and shunt winding (in the 
case of a step Voltage regulator). A motor controls a position 
of the tap changer, and operating the tap changer changes the 
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2 
winding ratio and thus output Voltage. The Voltage regulator 
control unit controls the position of the tap changer to reduce 
the difference between the regulator output voltage and the 
set point to a value within a user-defined bandwidth, typi 
cally between about 1 and 6 volts. 

Evolving applications on utility distribution grids have 
increased the complexity of the required functionality of a 
Voltage regulator control where two distinct modes of opera 
tion, namely cogeneration and reverse power flow due to 
system reconfiguration, can be required out of the same 
connected and configured devices. This is illustrated with 
reference to FIGS. 1 and 2. More specifically, FIG. 1 shows 
an electrical distribution system 1 in a normal bus configu 
ration having a first feeder circuit 2A and a second feeder 
circuit 2B. As seen in FIG. 1, feeder circuit 2A is fed from 
a voltage Supply (e.g., a Substation) 3A and a normally 
closed switch 4A in order to feed a number of loads 5A and 
a critical load center 6A. Also connected to feeder circuit 2A 
is generator 7, which may be a distributed Source Such as a 
wind turbine or a PV (photo voltaic) module. Feeder circuit 
2B is fed through a voltage supply 3B and a normally closed 
switch 4B in order to feed a number of loads 5B and a 
critical load center 6B. Feeder circuit 2A and feeder circuit 
2B are separated from one another by a normally open 
switch 8. Voltage supplies 3A and 3B may be fed from the 
same or different electrical substations. 

Voltage regulators 9A and 9B are located on respective 
feeders 2A and 2B to Support Voltage regulation downstream 
on the feeder. FIG. 2 shows electrical distribution system 1 
in a condition wherein it has been reconfigured into a back 
fed bus configuration. In this configuration, normally closed 
Switch 4A is opened in order to remove Voltage Supply 3A 
from service, and normally open Switch 8 is closed. As a 
result, feeder circuit 2B and feeder circuit 2A will both be 
fed by voltage supply 3B. 

In the system configuration as shown in FIG. 2, a nor 
mally prescribed method of Cogeneration operation can and 
will cause the Voltage Regulator to actually drive the con 
trolled voltage in the opposite direction of that which is 
needed to regulate Voltage to loads downstream of the 
Voltage Regulator in this reverse power flow scenario. 
No current method of operating and/or controlling a 

Voltage regulator exists that is capable of accommodating 
the blending of a cogeneration mode of operation and a 
reverse power flow due to system reconfiguration mode of 
operation. There is thus a need for a Voltage regulator and 
method of controlling same that is able to accommodate the 
blending of these two distinct modes of operation. 

SUMMARY 

In one embodiment, a method of controlling a voltage 
regulator having a nominal input and a nominal output 
structured to operate in a forward power mode wherein 
power flows from the input to the output and a reverse power 
mode wherein power flows from the output to the input is 
provided. The method includes sensing current flowing 
through the Voltage regulator, determining a direction of 
power flow through the Voltage regulator based on the 
sensed current, determining a verified direction of power 
flow through the Voltage regulator by altering a voltage 
between the input and the output and analyzing an effect 
caused thereby on at least one of a Voltage at the input and 
a Voltage at the output, and selecting a Voltage regulating 
scheme for controlling the Voltage regulator based on the 
verified direction of power flow. 
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In another embodiment, a method of controlling a Voltage 
regulator is provided, wherein the Voltage regulator includes 
a first terminal on a first side of the Voltage regulator, a 
second terminal on a second side of the Voltage regulator, 
and a common terminal. The Voltage regulator is structured 
to operate in a forward mode wherein power flows from the 
first side to the second side and a reverse mode wherein 
power flows from the second side to the first side. The 
method includes measuring a first current flowing through 
the Voltage regulator, determining that the first current is not 
greater than a predetermined reverse current threshold, in 
response to determining that the first current is not greater 
than the reverse current threshold, verifying that reverse 
power is flowing through the Voltage regulator based on at 
least one of a first determined voltage at the first terminal 
and a first determined Voltage at the second terminal, in 
response to verifying that reverse power is flowing through 
the Voltage regulator, causing the Voltage regulator to oper 
ate in the reverse mode. The method further includes mea 
Suring a second current flowing through the Voltage regu 
lator, determining that the second current is not less than a 
predetermined forward current threshold, in response to 
determining that the second current is not less than the 
forward current threshold, verifying that forward power is 
flowing through the Voltage regulator based on at least one 
of a second determined Voltage at the first terminal and a 
second determined Voltage at the second terminal, and in 
response to verifying that forward power is flowing through 
the Voltage regulator, causing the Voltage regulator to oper 
ate in the forward mode. 

In still another embodiment, a Voltage regulator is pro 
vided that has a first side and a second side and that is 
structured to operate in a forward mode wherein power 
flows from the first side to the second side and a reverse 
mode wherein power flows from the second side to the first 
side. The Voltage regulator includes a first terminal provided 
on the first side of the Voltage regulator, a second terminal 
provided on the second side of the Voltage regulator, a 
common terminal, a current sensor, a first winding provided 
on the first side of the voltage regulator coupled to the first 
terminal and the common terminal, a second winding pro 
vided on the second side of the Voltage regulator coupled to 
the first terminal and the second terminal, a regulating 
element structured to vary a winding ratio between the first 
winding and the second winding, and a control unit having 
a processor and a memory. The control unit is structured to 
measure a first current flowing through the Voltage regulator 
using the current sensor, cause the Voltage regulator to 
operate in the forward mode if the first current is greater than 
a reverse current threshold, if the first current is not greater 
than the reverse current threshold, verify whether or not 
reverse power is flowing through the Voltage regulator by 
causing the regulating element to vary the winding ratio and 
monitoring at least one of a first voltage at the first terminal 
and a second Voltage at the second terminal, cause the 
Voltage regulator to operate in the forward mode if it is 
verified that reverse power is not flowing through the 
Voltage regulator, and cause the Voltage regulator to operate 
in the reverse mode if it is verified that reverse power is 
flowing through the Voltage regulator. 

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 accompa 
nying drawings in which: 
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4 
FIG. 1 is a schematic diagram of a prior art electrical 

distribution system in a normal bus configuration; 
FIG. 2 is a schematic diagram of a prior art electrical 

distribution system in a back feed bus configuration; 
FIG. 3 is a schematic diagram of a Voltage regulator 

according to an exemplary embodiment of the present 
invention; and 

FIG. 4 is a flowchart illustrating a method of controlling 
a voltage regulator according to an exemplary embodiment 
of the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

As used herein, the singular form of “a”, “an', and “the 
include plural references unless the context clearly dictates 
otherwise. 
As used herein, the statement that two or more parts or 

elements are “coupled' shall mean that the parts are joined 
or operate together either directly or indirectly, i.e., through 
one or more intermediate parts or elements, so long as a link 
OCCU.S. 

As used herein, “directly coupled' means that two ele 
ments are directly in contact with each other. 
As employed herein, the term “numbershall mean one or 

an integer greater than one (i.e., a plurality). 
As used herein, the term “component' is intended to refer 

to a computer related entity, either hardware, a combination 
of hardware and software, software, or software in execu 
tion. For example, a component can be, but is not limited to 
being, a process running on a processor, a processor, an 
object, an executable, a thread of execution, a program, 
and/or a computer. By way of illustration, both an applica 
tion running on a server and the server can be a component. 
One or more components can reside within a process and/or 
thread of execution, and a component can be localized on 
one computer and/or distributed between two or more com 
puters. 

Directional phrases used herein, such as, for example and 
without limitation, top, bottom, left, right, upper, lower, 
front, back, and derivatives thereof, relate to the orientation 
of the elements shown in the drawings and are not limiting 
upon the claims unless expressly recited therein. 
As described in greater detail herein, the disclosed con 

cept provides a new mode of operation for a Voltage regu 
lator that will allow the control of the voltage regulator to 
operate in a normal, forward biased cogeneration mode 
during normal system configuration (with forward power 
flow direction), but that also has the ability to sense, based 
on power flow direction and the measured effect of tapping 
operations on the sensing Voltages of the Voltage regulator, 
the reversal of the system configuration to a true reverse 
power flow direction and, in response thereto, allow the 
Voltage regulator control to Switch to an appropriate reverse 
power flow mode of operation until it can be established that 
the system configuration has truly Switched back to the 
normal, forward biased cogeneration direction (with forward 
power flow direction). 

FIG. 3 is a schematic diagram of a voltage regulator 10 
that is structured to implement the disclosed concept accord 
ing to one particular, non-limiting exemplary embodiment of 
the invention. Alternative winding configurations and con 
nections of the voltage regulator to those illustrated here will 
be understood by those skilled in the art, and who will also 
appreciate how this invention may be applied to any of these 
variations. Voltage regulator 10 as described herein may be 
used in the power distribution system one shown in FIGS. 1 
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and 2 in place of Voltage regulator 9A and/or Voltage 
regulator 9B. As seen in FIG. 3, voltage regulator 10 
includes S. L., and SL bushings (or terminals). For forward 
power flow, Voltage is applied to the S and SL bushings and 
the output voltage is provided across the L and SL bushings. 
For reverse power flow, voltage is applied to the L and SL 
terminals and the output voltage is provided across the S and 
SL bushings. 

In the illustrated embodiment, voltage regulator 10 is a 
“Type A' or “Straight Voltage Regulator” and includes a 
shunt winding 12 that is disposed between the S and SL 
bushings, and a series winding 14 that forms an autotrans 
former with shunt winding 12 and is disposed between the 
S and L bushings. The series winding 14 is provided with a 
number of Voltage taps for, as described below, controlling 
the output of voltage regulator 10. Forward power flow 
though voltage regulator 10 is indicated by arrow 13 and 
reverse power flow though voltage regulator 10 is indicated 
by arrow 15. It will be understood, however, that other 
Voltage regulator configurations, such as, without limitation, 
a “Type B or “Inverted Voltage Regulator wherein the 
shunt winding is between the L and the SL bushings and the 
series winding is between the S and the L bushings, are also 
possible within the scope of the present invention. 

Referring again to FIG. 3, the output voltage of voltage 
regulator 10 across the Land SL bushings for forward power 
flow is controlled by the position of a tap changer 18 through 
stationary contacts 19 (labeled 0-8) connected to series 
winding 14. Tap changer 18 further includes moving con 
tacts 22 that are connected to preventative auto transformer 
24 (the purpose of which is not relevant to this invention), 
which in turn is connected to the L bushing through a 
conductor 25 for Supplying the output voltage from Voltage 
regulator 10. 
A switch 28 is connected to the S bushing. Switch 28 can 

be closed through either terminal M or terminal K of 
secondary winding 14 to change the polarity of the Voltage 
through series winding 14. 
A tertiary winding 30 (referred to as a control winding), 

responsive to the magnetic flux generated by shunt winding 
12, Supplies power to a control unit 40 and a tap changer 
motor 42 coupled to and controlled by control unit 40 (for 
ease of illustration, the electrical connections for Such power 
Supply functionality are not shown). As described herein, 
control unit 40 is structured to enable selectable operation of 
tap changer 18 to desired positions. 

Voltage regulator 10 further includes a current trans 
former (CT) 34 coupled to the L bushing. In addition, a 
number of well-known Voltage sensing techniques may be 
applied, including, but not limited to, measuring the Voltage 
across the tertiary winding 30, a potential transformer (PT) 
36 coupled across the L and SL bushings, or a potential 
transformer 38 coupled across the S and SL bushings of 
voltage regulator 10. Current transformer 34 is coupled to 
control unit 40 and generates a signal that is indicative of the 
current flowing to a load through the L bushing. Voltage 
sensing devices such as the control winding 30, PT 36 or PT 
38 may be coupled to control unit 40 for determining the 
relative Voltage at the S and L bushings. 

In operation, during forward power flow in the direction 
indicated by arrow 13, control unit 40 measures the voltage 
across the L and SL bushings and determines a difference 
between that voltage and a forward reference set point/ 
desired Voltage. Voltage regulator 10 then controls tap 
changer 18 to operate the tap changer 18 to reduce this 
difference within a configured range around the set point. 
During reverse power flow in the direction indicated by 
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6 
arrow 15, the voltage across the S and SL bushings is 
measured and a difference between that Voltage and a 
reverse reference set point/desired voltage is determined. 
The voltage regulator 10 then controls tap changer 18 to 
reduce this difference within a configured range around the 
set point. 

In the exemplary embodiment, control unit 40 comprises 
a processor and a memory. The processor may be, for 
example and without limitation, a microprocessor (uP), a 
microcontroller, or some other Suitable processing device, 
that interfaces with the memory. The memory can be any one 
or more of a variety of types of internal and/or external 
storage media such as, without limitation, RAM, ROM, 
EPROM(s), EEPROM(s), FLASH, and the like that provide 
a storage register, i.e., a machine readable medium, for data 
storage such as in the fashion of an internal storage area of 
a computer, and can be volatile memory or nonvolatile 
memory. The memory has stored therein a number of 
routines that are executable by the processor to enable 
operation of voltage regulator 10 as described herein. 

FIG. 4 is a flowchart illustrating a method of operating 
Voltage regulator 10 according to an exemplary embodiment 
of the disclosed concept. As will be appreciated, the method 
shown in FIG. 4 will be implemented in one or more routines 
of control unit 40 of voltage regulator 10. The method of 
FIG. 4 provides a mechanism for determining when and 
under what circumstances Voltage regulator 10 should be 
Switched from a normal forward biased cogeneration mode 
of operation to an alternative mode (for instance, reverse 
locked, neutral idle) of operation and back. As described in 
detail below, switching to the alternative mode of operation 
is only permitted when at least a certain level of reverse 
current is sensed and the reverse direction of power flow is 
verified using a two tap process. Similarly, Switching from 
the alternative biased cogeneration mode of operation back 
to the normal, forward biased cogeneration mode of opera 
tion is only permitted when at least a certain level of forward 
current is sensed. Optionally, the forward direction of power 
flow may be verified using the two tap process prior to 
Switching from the alternative biased cogeneration mode of 
operation back to the normal, forward biased cogeneration 
mode. 
The method begins at step 50 (voltage regulator 10 is 

initially in the normal forward biased cogeneration mode), 
wherein a determination is made as to whether the current 
flowing through the L bushing (as measured by current 
transformer 34) is greater than some predetermined reverse 
current threshold. The predetermined reverse current thresh 
old is a user configurable value that is stored by control unit 
40 and that may be adjusted as deemed necessary. In the 
exemplary embodiment, the reverse current threshold is in 
the range of -1% to -5% of the current rating of voltage 
regulator 10. If the answer at step 50 is yes, then the method 
proceeds to step 52, wherein voltage regulator 10 is con 
trolled to continue to operate in the normal forward biased 
cogeneration mode. As is known in the art, in this mode of 
operation, Voltage regulator 10 will attempt to regulate the 
output Voltage on the L bushing based upon a forward 
voltage reference value (e.g. 120 VAC) and a forward 
voltage band (e.g. 2 V) wherein voltage regulator 10 will 
make an adjustment using tap changer 18 in the prescribed 
direction any time the Voltage goes “out of band' (e.g., 
above 121 V or below 119 V) for more than a predetermined 
time. Following step 52, the method returns to step 50 to 
continue to monitor the current flowing through the L 
bushing. 
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If, however, the answer at step 50 is no, meaning that the 
current flowing through the L bushing is less than or equal 
to the reverse current threshold (for example, less than or 
equal to -1% of the current rating of Voltage regulator 10), 
the method proceeds to step 54. At step 54, a two tap 
verification procedure is performed while monitoring both 
the voltage on the L bushing 34 and the voltage on the S 
bushing in order to determine which side of the voltage 
regulator has the prevailing system Voltage. More specifi 
cally, in the two tap verification process, control unit 40 
causes tap changer 18 to be driven two taps in one direction, 
two taps Raise for Low voltage, two taps Lower for High 
Voltage, and the changes, if any, to the Voltages on the L 
bushing and the S bushing are monitored. As described 
below, the behavior of the L and S bushing voltages in 
response to the two tap variation will indicate which side of 
the regulator can be controlled. In particular, if in response 
to the two tap verification the Voltage at the L bushing (i.e., 
across the L and SL bushings) changes by at least a certain 
amount, then that indicates that the prevailing system Volt 
age is on the source side of the Voltage regulator and Voltage 
regulation should be adjusted as if power flow is in the 
forward direction. If, however, in response to the two tap 
verification the voltage at the S bushing (i.e., across the S 
and SL bushings) changes by at least a certain amount, then 
that will indicate that the prevailing system Voltage is on the 
load side of the voltage regulator and power flow is in the 
reverse direction. Thus, at step 56, a determination is made 
as to whether the two tap verification process of step 54 
shows forward power flow. If the answer at step 56 is yes, 
then the method returns to step 52 and operation in the 
normal forward biased cogeneration mode is continued. 
However, if the answer at step 56 is no, meaning that the two 
tap verification process of step 54 shows reverse power flow, 
then the method proceeds to step 58. 

In step 58, since reverse power flow has been verified, 
Voltage regulator 10 is controlled to operate in an alternative 
biased cogeneration mode (in other words, operation is 
Switched from normal forward biased cogeneration mode to 
an alternative biased cogeneration mode). The particular 
alternative biased cogeneration mode that will be switched 
to in step 58 will, in the exemplary embodiment, be one of 
(i) locked reverse mode, or (ii) neutral idle mode. As is 
known in the art, in locked reverse mode, control unit 40 
locks Such that Voltage regulator 10 only tries to regulate and 
show metering of the output voltage on the S bushing 
(reverse direction). In other words, voltage regulator 10 
adjusts tap position to minimize the difference between the 
source voltage and the reverse power flow set point until true 
forward power flow is sensed as described herein (step 60 
below). In neutral idle mode, control unit 40 runs tap 
changer 18 back to the neutral tap position and idles there 
until true forward power flow is sensed as described herein 
(step 60 below). 

Following step 58, the method proceeds to step 60. 
wherein a determination is made as to whether the current 
flowing through the L bushing, as measured by current 
transformer 34, exceeds a forward current threshold. In the 
exemplary embodiment, the forward current threshold is in 
the range of +1% to +5% of the current rating of voltage 
regulator 10. If the answer at step 60 is no, then the method 
returns to step 58 and operation in the alternative biased 
cogeneration mode is continued. If, however, the answer at 
step 60 is yes, meaning that the detected current is indicative 
of forward power flow, then the method returns to step 54 
wherein another two tap verification as described herein is 
performed in order to verify the true direction of current 
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8 
flow. Subsequent operation of voltage regulator 10 will then 
proceed as indicated by the method steps based on the 
answer at step 56. 

In one particular, non-limiting embodiment, the method 
of the present invention as shown in FIG. 4 may also allow 
for the situation were neither the forward or reverse direc 
tion of regulation can be positively determined. In Such a 
situation, the method will allow for some prescribed time of 
idling on the last tap position until control unit 40 will retry 
the process of determining a needed direction of regulation. 

Thus, Voltage regulator 10 and the method of operating 
Voltage regulator 10 as described herein provide a mecha 
nism of control of voltage regulator 10 that is capable of 
accommodating the blending of cogeneration and reverse 
power flow due to system reconfiguration modes of opera 
tion that is based on power flow direction as verified by the 
effect of tapping operations on the S and/or L bushing 
Voltages. 

While specific embodiments of the disclosed concept 
have been described in detail, it will be appreciated by those 
skilled in the art that various modifications and alternatives 
to those details could be developed in light of the overall 
teachings of the disclosure. Accordingly, the particular 
arrangements disclosed are meant to be illustrative only and 
not limiting 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. 
What is claimed is: 
1. A method of controlling a Voltage regulator, the Voltage 

regulator including a first terminal on a first side of the 
Voltage regulator, a second terminal on a second side of the 
voltage regulator, and a common terminal, the voltage 
regulator being structured to operate in a forward mode 
wherein power flows from the first side to the second side 
and a reverse mode wherein power flows from the second 
side to the first side, the method comprising: 

measuring a first current flowing through the Voltage 
regulator; 

determining that the first current is not greater than a 
predetermined reverse current threshold; 

in response to determining that the first current is not 
greater than the reverse current threshold, verifying that 
reverse power is flowing through the Voltage regulator 
based on at least one of a first determined voltage at the 
first terminal and a first determined voltage at the 
second terminal; 

in response to verifying that reverse power is flowing 
through the Voltage regulator, causing the Voltage regu 
lator to operate in the reverse mode: 

following the causing the Voltage regulator to operate in 
the reverse mode, measuring a second current flowing 
through the Voltage regulator, 

determining that the second current is not less than a 
predetermined forward current threshold; 

in response to determining that the second current is not 
less than the forward current threshold, verifying that 
forward power is flowing through the Voltage regulator 
based on at least one of a second determined Voltage at 
the first terminal and a second determined Voltage at the 
second terminal; and 

in response to verifying that forward power is flowing 
through the Voltage regulator, causing the Voltage regu 
lator to operate in the forward mode. 

2. The method according to claim 1, wherein the Voltage 
regulator includes a first winding on the first side of the 
Voltage regulator coupled to the first terminal and the 
common terminal, a second winding on the second side of 
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the Voltage regulator coupled to the first terminal and the 
second terminal, and a regulating element structured to vary 
a winding ratio between the first winding and the second 
winding, wherein the verifying that reverse power is flowing 
through the Voltage regulator based on at least one of a first 
determined voltage at the first terminal and a first deter 
mined Voltage at the second terminal comprises varying the 
winding ratio and observing a change in the first determined 
Voltage at the first terminal in response thereto, and wherein 
the verifying that forward power is flowing through the 
Voltage regulator based on at least one of a second deter 
mined Voltage at the first terminal and a second determined 
Voltage at the second terminal comprises varying the wind 
ing ratio and observing a change in the second determined 
Voltage at the second terminal in response thereto. 

3. The method according to claim 2, wherein the voltage 
regulator is a Type A Voltage regulator, wherein the first 
terminal is an S bushing, the second terminal is an L 
bushing, the common terminal is an SL bushing, the first 
winding is a shunt winding, and the second winding is a 
series winding. 

4. The method according to claim 3, wherein the series 
winding includes a plurality of taps and wherein the regu 
lating element comprises a tap changer coupled to the series 
winding. 

5. The method according to claim 4, wherein the winding 
ratio is varied by causing the tap changer to move a contact 
a number of taps along the series winding. 

6. The method according to claim 2, wherein the change 
in the first determined Voltage at the first terminal is a change 
having at least a first predetermined magnitude and wherein 
the change in the second predetermined voltage at the 
second terminal is a change having at least a second prede 
termined magnitude. 

7. The method according to claim 1, wherein the voltage 
regulator includes a current transformer coupled to the 
second terminal and structured to measure the first and 
second currents. 

8. The method according to claim 1, wherein the voltage 
regulator includes a first potential transformer structured to 
measure the first and second determined Voltages at the 
second terminal and a second potential transformer struc 
tured to measure the first and second determined Voltages at 
the first terminal. 

9. The method according to claim 1, wherein the forward 
mode is a forward biased cogeneration mode and wherein 
the reverse mode is one of a locked reverse mode or a neutral 
idle mode. 

10. A voltage regulator having a first side and a second 
side and being structured to operate in a forward mode 
wherein power flows from the first side to the second side 
and a reverse mode wherein power flows from the second 
side to the first side, comprising: 

a first terminal provided on the first side of the voltage 
regulator, 

a second terminal provided on the second side of the 
Voltage regulator; 

a common terminal; 
a current Sensor, 
a first winding provided on the first side of the voltage 

regulator coupled to the first terminal and the common 
terminal; 

a second winding provided on the second side of the 
Voltage regulator coupled to the first terminal and the 
second terminal; 

a regulating element structured to vary a winding ratio 
between the first winding and the second winding; and 
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10 
a control unit having a processor and a memory, the 

control unit being structured to: 
measure a first current flowing through the Voltage 

regulator using the current sensor, 
cause the Voltage regulator to operate in the forward 
mode if the first current is greater than a reverse 
current threshold; 

if the first current is not greater than the reverse current 
threshold, verify whether or not reverse power is 
flowing through the Voltage regulator by causing the 
regulating element to vary the winding ratio and 
monitoring at least one of a first voltage at the first 
terminal and a second Voltage at the second terminal; 

cause the Voltage regulator to operate in the forward 
mode if it is verified that reverse power is not flowing 
through the Voltage regulator; and 

cause the Voltage regulator to operate in the reverse 
mode if it is verified that reverse power is flowing 
through the Voltage regulator. 

11. The Voltage regulator according to claim 10, wherein 
the control unit is further structured to, after the control unit 
causes the Voltage regulator to operate in the reverse mode: 

measure a second current flowing through the Voltage 
regulator using the current sensor, 

cause the Voltage regulator to operate in the reverse mode 
if the second current is less than a forward current 
threshold; 

if the second current is not less than the forward current 
threshold, verify whether or not forward power is 
flowing through the Voltage regulator by causing the 
regulating element to vary the winding ratio and moni 
toring at least one of the first voltage at the first terminal 
and the second Voltage at the second terminal; 

cause the Voltage regulator to operate in the reverse mode 
if it is verified that forward power is not flowing 
through the Voltage regulator, and 

cause the Voltage regulator to operate in the forward mode 
if it is verified that forward power is flowing through 
the Voltage regulator. 

12. The Voltage regulator according to claim 10, wherein 
the control unit is further structured to, after the control unit 
causes the Voltage regulator to operate in the reverse mode: 

measure a second current flowing through the Voltage 
regulator using the current sensor, 

cause the Voltage regulator to operate in the reverse mode 
if the second current is less than a forward current 
threshold; 

if the second current is not less than the forward current 
threshold, cause the Voltage regulator to operate in the 
forward mode. 

13. The voltage regulator according to claim 10, wherein 
the Voltage regulator is a Type A Voltage regulator, wherein 
the first terminal is an S bushing, the second terminal is an 
L bushing, the common terminal is an SL bushing, the first 
winding is a shunt winding, and the second winding is a 
series winding. 

14. The Voltage regulator according to claim 10, wherein 
the control unit is structured to verify that reverse power is 
not flowing through the Voltage regulator when the second 
Voltage at the second terminal changes in response to the 
winding ratio varying, and wherein the control unit is 
structured to verify that reverse power is flowing through the 
Voltage regulator when the first voltage at the first terminal 
changes in response to the winding ratio varying. 

15. The voltage regulator according to claim 10, wherein 
the control unit is structured to verify that reverse power is 
not flowing through the Voltage regulator when the second 
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Voltage at the second terminal changes at least a predeter 
mined amount in response to the winding ratio varying, and 
wherein the control unit is structured to verify that reverse 
power is flowing through the Voltage regulator when the first 
Voltage at the first terminal changes at least a predetermined 
amount in response to the winding ratio varying. 

16. The Voltage regulator according to claim 13, wherein 
the series winding includes a plurality of taps and wherein 
the regulating element comprises a tap changer (18) coupled 
to the series winding. 

17. The voltage regulator according to claim 16, wherein 
the control unit varies the winding ratio by causing the tap 
changer to move a contact a number of taps along the series 
winding. 

18. A voltage regulator having a nominal input and a 
nominal output structured to operate in a forward power 
mode wherein power flows from the input to the output and 
a reverse power mode wherein power flows from the output 
to the input, comprising: 

means for sensing current flowing through the Voltage 
regulator, 

means for altering a Voltage between the input and the 
output; 

means for determining the Voltage at the input and output; 
and 

a control unit structured to: 
determine a direction of power flow through the voltage 

regulator using at least the current sensing means; 
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12 
determine a verified direction of power flow through 

the Voltage regulator by adjusting the Voltage alter 
ing means and analyzing an effect caused thereby 
one or more Voltages measured by the Voltage deter 
mining means; 

Select a Voltage regulating scheme based on the verified 
direction of power flow. 

19. The voltage regulator according to claim 18, wherein 
the Voltage altering means includes a first winding coupled 
to the input, a second winding coupled to the output and a 
tap changer coupled to the second winding. 

20. A method of controlling a Voltage regulator having a 
nominal input and a nominal output structured to operate in 
a forward power mode wherein power flows from the input 
to the output and a reverse power mode wherein power flows 
from the output to the input, the method comprising: 

sensing current flowing through the Voltage regulator, 
determining a direction of power flow through the Voltage 

regulator based on the sensed current; 
determining a verified direction of power flow through the 

Voltage regulator by altering a Voltage between the 
input and the output and analyzing an effect caused 
thereby on at least one of a Voltage at the input and a 
Voltage at the output; and 

selecting a Voltage regulating scheme for controlling the 
voltage regulator based on the verified direction of 
power flow. 


