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LOAD SHED SYSTEM the generator . Optionally , the load shed module may receive 
one or more signals from the generator as inputs providing 

CROSS - REFERENCE TO RELATED an indication of the operation of the generator . The signals 
APPLICATION may indicate , for example , that the generator is providing 

5 power to the loads rather than utility power or that the 
This application is a continuation of U.S. Ser . No. 15/608 , generator is overloaded . The load shed module also includes 

046 , filed May 30 , 2017 , which is a divisional of U.S. Ser . a number of switches or contactors to connect load circuits 
No. 14 / 593,058 , filed Jan. 9 , 2015 , now U.S. Pat . No. to the generator . A central controller receives the signals 
10,069,331 , issued Sep. 4 , 2018 . from the sensors monitoring operation of the generator or 

10 the signals from the generator to determine whether the load 
FIELD OF THE INVENTION be connected to the generator . If the generator 

begins to stall , the load shed module may disconnect a 
The subject matter disclosed herein relates generally to a portion , or all , of the loads according to the load manage 

load shed module and , in particular , to an independent load ment routines programmed into the load shed module . 
shed module which can be connected to each load line and 15 However , such a load shed module requires a central con 
which requires no signal wires connected between modules troller interconnected with each of the switches . Further , 
or to a transfer switch . installation of the load shed module requires routing the 

electrical conductors from all of the loads to the load shed 
BACKGROUND AND SUMMARY OF THE module . Each load typically includes a hot conductor and a 

INVENTION 20 neutral conductor and may further include a ground con 
ductor . Each of the electrical conductors must then be 

Electrical generators are used in a wide variety of appli- properly connected within the load shed module . Depending 
cations . Typically , an individual electrical generator operates on the arrangement of the load shed module , only the hot 
in a stand - by mode wherein the electrical power provided by conductors may be switched or both the hot and neutral 
a utility is monitored such that if the commercial electrical 25 conductors may be switched . Further , each load must be 
power from the utility fails , the engine of the electrical connected to the appropriate switch designated for that load . 
generator is automatically started causing the alternator to The varying potential configurations and multiple conduc 
generate electrical power . When the electrical power gener- tors from each of the loads increase the potential for a wiring 
ated by the alternator reaches a predetermined voltage and error to occur during installation of the load shed module . 
frequency desired by the customer , a transfer switch trans- 30 Therefore , it is a feature of the present invention to 
fers the load imposed by the customer from the commercial provide a load shed module with reduced installation com 
power lines to the electrical generator . As is known , most plexity . 
residential electric equipment in the U.S. is designed to be According to one embodiment of the inve a load 
used in connection with electrical power having a fixed shed module is configured to be connected in series between 
frequency , namely , sixty ( 60 ) hertz ( Hz ) . 35 a power source and a load . The load shed module includes 

Typically , electrical generators utilize a single driving an input configured to receive a first electrical connection 
engine coupled to a generator or alternator through a com- from the power source , an output configured to provide a 
mon shaft . Upon actuation of the engine , the crankshaft second electrical connection for the load , and a switch 
rotates the common shaft so as to drive the alternator that , operatively connected in series between the input and the 
in turn , generates electrical power . The frequency of the 40 output . The switch receives a control signal to selectively 
output power of most prior electrical generators depends on open and close the switch . A sensor is configured to generate 
a fixed , operating speed of the engine . Typically , the prede- a feedback signal corresponding to an alternating current 
termined operating speed of an engine for a two - pole , ( AC ) voltage present at the input , and a priority selector is 
stand - by electrical generator is approximately 3600 revolu- operable to generate a priority signal for the load shed 
tions per minute to produce the rated frequency and power 45 module . A controller is connected to the sensor to receive the 
for which the unit is designed . feedback signal , to the priority selector to receive the 
The output power of a generator is , however , load depen- priority signal , and to the switch to supply the control signal . 

dent . As the electrical load on the generator increases , the The controller is operable to determine whether the power 
frequency of the electricity output may decrease . Further , a source is a utility power source or an alternate power source 
sudden , significant change in load can cause the generator 50 as a function of the feedback signal , compare the feedback 
speed to drop several hertz , for example . If the generator has signal to a threshold when the power source is the alternate 
sufficient capacity to power the additional load , the genera- power source , generate the control signal to open the switch 
tor controller regulates the speed and brings the output when the feedback signal exceeds the threshold for a first 
frequency back to the desired output frequency . If , however , predetermined time , and generate the control signal to close 
the additional load exceeds the capacity of the generator , the 55 the switch when the power source is the alternate power 
generator may stall , resulting in none of the loads receiving source and when a second predetermined time has passed , 
power . For example , a generator may be running and pro- where the second predetermined time is selected as a func 
viding power to lights and a television in one room . A sump tion of the priority signal . 
pump , furnace , or another electrical load may be switched According to another aspect of the invention , the control 
on , creating an additional power demand on the generator . 60 ler is further operable to determine a frequency of the AC 
The additional load may cause the engine to begin to slow voltage present at the input from the feedback signal and 
and / or to stall . determine whether the power source is the utility power 

Historically , it has been known to provide a load shed source or the alternate power source as a function of the 
module which may be connected to the output of a transfer frequency of the AC voltage . The controller may store a 
switch . The load shed module , therefore , receives power 65 minimum and maximum frequency of the AC voltage and 
from the generator as an input . One or more sensors are determine a difference between the minimum and maximum 
utilized within the load shed module to monitor operation of frequencies . The threshold to open the switch may be a 
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maximum difference between the minimum frequency and FIG . 3 is a flowchart graphically illustrating operation of 
the maximum frequency . Optionally , the controller may one embodiment of the load shed module . 
determine a difference between the frequency of the AC 
voltage present at the input and an expected frequency of the DETAILED DESCRIPTION OF THE 
AC voltage present at the input . The threshold may be a PREFERRED EMBODIMENTS 
maximum difference between the frequency of the AC 
voltage present at the input and the expected frequency of The various features and advantageous details of the 
the AC voltage present at the input . subject matter disclosed herein are explained more fully 

According to yet another aspect of the invention , the with reference to the non - limiting embodiments described in 
10 detail in the following description . controller may be configured to operate in a first operating 

mode and in a second operating mode . During the first Referring to FIG . 1 , a load distribution system incorpo 
rating load shed modules 20 according to one embodiment operating mode , the controller generates the control signal to of the invention is illustrated . A transfer switch 14 selec open the switch when the feedback signal exceeds the tively connects a first power supply 10 or a second power threshold for the first predetermined time . During the second 15 supply 12 to one or more electrical loads 16. The transfer operating mode , the controller generates the control signal to switch 14 includes a first input configured to receive one or 

open the switch when the feedback signal exceeds the more electrical conductors from the first power supply 10 
threshold for a third predetermined time , and the third and a second input configured to receive one or more 
predetermined time is less than the first predetermined time . electrical conductors 11 from the second power supply 12 . 
The controller may also enter a lock out operating mode 20 Each power supply 10 , 12 may provide , for example , 120 
when the feedback signal exceeds the threshold for the third VAC or 240 VAC via one or more hot leads and a neutral 
predetermined time . lead . Each of the hot leads and the neutral lead are defined 

According to another embodiment of the invention , a by one of the electrical conductors 11 which may be bundled 
method of connecting a load to a power source in a power as a single electrical cable . A switch device in the transfer 
distribution system is disclosed . A feedback signal , corre- 25 switch 14 is operable in a first mode to connect the first 
sponding to a voltage received at an input of a load shed power supply 10 to each electrical load 16 and in a second 
module from the power source , is read . A frequency of the mode to connect the second power supply 12 to one or more 
voltage is determined from the feedback signal with a of the electrical loads 16. The switch device may be manu 
controller in the load shed module and compared to a ally or automatically activated to selectively connect one of 
threshold frequency . A control signal is generated with the 30 the power supplies 10 , 12 to the loads 16. According to the 

illustrated embodiment , the transfer switch 14 includes a controller to open a switch connected in series between the 
input and an output of the load shed module when the distribution system to supply power to multiple loads 16 . 

The distribution system may clude , for example , a series frequency of the voltage at the input is outside of the of conductive busses . Each hot lead from the power supplies threshold frequency for a first predetermined time . A priority 35 10 , 12 is connected to a corresponding hot bus and the level of the load shed module is determined and the control neutral lead from the power supplies 10 , 12 is connected to signal is generated with the controller to close the switch a neutral bus . A load shed module 20 is connected in series 
connected in series between the input and the output of the between the transfer switch 14 and each load 16. At least one 
load shed module after a second predetermined time when hot lead and a neutral lead are connected from each bus to 
the frequency of the voltage is within the threshold fre- 40 the loads 16. A first load - side electrical conductor 15 is 
quency , where the second predetermined time is a function connected for each lead between the transfer switch 14 and 
of the priority level of the load shed module . the load shed module 20 , and a second load - side electrical 

These and other objects , advantages , and features of the conductor 17 is connected for each lead between the load 
invention will become apparent to those skilled in the art shed module 20 and each load 16 . 
from the detailed description and the accompanying draw- 45 Referring next to FIG . 2 , each load shed module 20 
ings . It should be understood , however , that the detailed includes an input 22 configured to receive the first load - side 
description and accompanying drawings , while indicating electrical conductors 15 from the transfer switch and an 
preferred embodiments of the present invention , are given output configured to connect to the second load - side elec 
by way of illustration and not of limitation . Many changes trical conductors 17 which is , in turn , connected to one of the 
and modifications may be made within the scope of the 50 loads 16. A switch 26 is connected between the input 22 and 
present invention without departing from the spirit thereof , the output 24. The switch 26 may be an electronically 
and the invention includes all such modifications . activated , mechanical relay , a solid - state switch , or any other 

suitable switch according to the application requirements . 
BRIEF DESCRIPTION OF THE DRAWINGS The switch 26 includes at least two operating modes . In a 

55 first operating mode , the switch 26 connects the input 22 to 
the output 24 and establishes an electrical connection The drawings furnished herewith illustrate a preferred between the transfer switch 14 and the load 16. In a second construction of the present invention in which the above operating mode , the switch 26 disconnects the input 22 from advantages and features are clearly disclosed as well as the output 24 and breaks the electrical connection between others which will be readily understood from the following 60 the transfer switch 14 and the load 16. As illustrated , description of the illustrated embodiment . separate load shed modules 20 are connected between the In the drawings : transfer switch 14 and each load 16 . 

FIG . 1 is a block diagram representation of an exemplary The load shed module 20 also includes a power section 
power distribution system incorporating a load shed module 30. The power section 30 is connected to the input 22 and 
according to one embodiment of the invention ; 65 configured to receive power from either the first power 
FIG . 2 is a block diagram representation of a load shed supply 10 or the second power supply 12 according to which 

module according to one embodiment of the invention ; and power supply 10 , 12 the transfer switch 14 is connecting to 
6
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the loads 16. Optionally , the load shed module 20 may any other suitable method , as would be understood in the art , 
include a battery connected to the power section 30. The to determine the frequency of the voltage at the input 22 
power section 30 includes any power converters and / or based on the measured values and a sequence of stored 
voltage regulators that are required to provide power to each measurements of the voltage . The frequency value may be 
of the components in the load shed module 20 . 5 determined for each cycle of the voltage or may be filtered 

The load shed module 20 further includes a controller 32 and / or averaged over multiple cycles of the voltage at the 
to control operation of the switch 26. The controller 32 may input 22. The controller 32 further saves a minimum fre 
include discrete devices , such as operational amplifiers , quency and a maximum frequency detected over a pre 
logic devices , and the like . Optionally , the logic circuit may defined duration , such as the duration of the FIFO buffer 
include one or more processors configured to operate sepa- 10 ( e.g. , a five second interval ) . 
rately or in parallel . Each processor may be a microproces- The controller 32 utilizes the frequency measurement of 
sor or be implemented on a dedicated device , such as a field the input voltage to determine whether utility power or a 
programmable gate array ( FPGA ) or application specific backup generator is connected to the input 22 of the load 
integrated circuit ( ASIC ) . According to still another embodi- shed module 20. When utility power is connected , the 
ment , the controller 32 may include a combination of 15 controller 32 expects a “ stiff ” input voltage , meaning that the 
discrete devices and a processor . The controller 32 is in frequency and amplitude of the voltage have little variation . 
communication with a memory device 34. The memory According to one embodiment of the invention , the control 
device 34 may be a single device or multiple devices and ler 32 may indicate that the utility is connected if the 
may include persistent memory , non - persistent memory , or frequency remains within four tenths of a hertz ( i.e. , +/- 0.4 
a combination thereof . According to yet another embodi- 20 Hz ) of the expected frequency ( e.g. 50 or 60 Hz ) . Preferably , 
ment of the invention , the memory device 34 may be the frequency remains within two hundredths of a hertz ( i.e. , 
incorporated on a single device with the controller 32. A +/- 0.02 Hz ) . If the frequency of the measured input voltage 
sensor 25 is connected to the input 22 of the load shed remains within the expected frequency range , the controller 
module to generate a feedback signal 27 corresponding to 32 determines that the utility power is connected to the load 
the voltage present at the input 22. The feedback signal 27 25 shed module 20. When the backup generator is connected , 
is connected to the controller 32 and , as discussed in more the controller 32 expects a “ soft ” input voltage , meaning that 
detail below , is used to generate a control signal 28 used to the frequency and / or amplitude of the voltage may have 
cause the switch 26 to transition between operating modes . greater variation than when the utility power is connected . 
The load shed module 20 also includes a priority selector 36 , According to one embodiment of the invention , the control 
configured to set a priority level for the load shed module 20 ; 30 ler 32 expects the frequency to vary about seven - tenths of a 
an indicator 38 , configured to provide an audio and / or a hertz when the generator is connected to the input 22. At step 
visual indication of the operation of the load shed module 52 , the controller 32 utilizes the frequency measurement and 
20 ; and a lockout selector 40 , configured to manually enable the expected stiff or soft input voltages determine whether 
and disable operation of the load shed module 20 . the generator is connected . The controller 32 may utilize a 

In operation , each load shed module 20 is operable to 35 short term variation in frequency , a long term variation in 
disconnect its respective load 16 without communicating frequency , or a combination thereof to determine whether 
with the other load shed modules 20 when a generator the generator is connected . In order to determine the varia 
overload condition is detected . Referring next to FIG . 3 , an tion in frequency , the controller 32 finds the difference 
exemplary sequence of steps for controlling operation of between the minimum frequency and the maximum fre 
each load shed module 20 is illustrated . At step 50 , the 40 quency as stored in the memory device 34. If the difference 
controller 32 reads the feedback signal 27 corresponding to exceeds , for example , three - tenths of a hertz ( +/- 0.3 Hz ) at 
the voltage present at the input 22 of the load shed module any point during the predefined duration of frequency mea 
20. The controller 32 may also store some or all of the values surements , the controller 32 detects a short term deviation 
of the feedback signal 27 in the memory device 34. At and indicates the generator is connected . Optionally , if the 
startup , the controller 32 may stay at step 50 for an initial 45 frequency measurement remains more than two - tenths of a 
duration , such as five seconds . During the initial duration , hertz ( +/- 0.2 Hz ) away from the nominal frequency ( e.g. , 50 
the controller 32 stores values of the feedback signal 27 read or 60 Hz ) for one second or more , the controller 32 detects 
at a periodic rate , such as once every microsecond , in the a long term deviation and indicates the generator is con 
memory device 34. From the stored values , the controller 32 nected . Thus , either a quick fluctuation in the frequency or 
may determine , for example , a magnitude and / or frequency 50 a continuous drift away from the nominal frequency indi 
of the voltage present at the input 22 of the load shed module cates that the generator is connected . In some applications , 
20. A buffer may be defined in the memory device 34 which the generator may have sufficient capacity and / or include 
is filled during this initial duration and which , during sub- internal control routines that regulate the output of the 
sequent operation , may become a first - in , first - out ( FIFO ) generator to provide a stiff output voltage . In these appli 
buffer . The controller 32 continually stores new values of the 55 cations , the generator may be configured to generate an 
feedback signal 27 in the FIFO buffer while removing or output voltage outside of the detection parameters at a 
over - writing the oldest values . periodic interval such that the load shed module 20 may 

From the feedback signal 27 , the controller 32 determines detect that a generator is connected to the input 22 of the 
a frequency of the voltage present at the input 22 of the load module 20 . 
shed module 20. The frequency may be determined , for 60 If , at step 52 , the controller 32 determines that the 
example , by detecting minimum values , maximum values , generator is not connected and , therefore , that the utility 
or zero - crossings of the voltage present at the input 22 and power is connected . At step 54 , the controller 32 monitors 
determining the time between subsequent instances of the the feedback signal 27 to determine whether the utility 
corresponding minimum value , maximum value , or zero- power is within normal operating parameters . The controller 
crossing . These values may be detected utilizing dedicated 65 32 may compare the frequency of the input voltage to a 
detection circuits or by inspection of the buffer in the utility threshold to determine whether the input frequency is 
memory device 34. Optionally , the controller 32 may utilize within an expected operating range when utility power is 
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connected . According to one embodiment of the invention , shedding a load 16 for a longer duration than if a large 
the utility threshold is selected at two - tenths of a hertz ( i.e. , change in the frequency of the feedback signal 27 is 
0.2 Hz ) . If the frequency of the input voltage is outside of detected . According to one embodiment of the invention , if , 
this range ( i.e. , +/- 0.2 Hz ) for a predefined time , such as one at step 58 , the controller 32 detects that the frequency of the 
second , the controller 32 indicates that the utility input is not 5 feedback signal 27 has dropped at least two hertz ( e.g. , less 
within normal operating parameters . Optionally , the control- than 58 Hz for a 60 Hz nominal frequency ) , the run timer 
ler 32 may monitor the difference between the minimum may be executed with a first duration , such as three and 
frequency and the maximum frequency of the measured one - half seconds . If , at step 58 , the controller 32 detects that 
input voltage . If the difference exceeds , for example , one- the frequency of the feedback signal 27 has dropped more 
tenth of a hertz ( i.e. , 0.1 Hz ) , the controller 32 may also 10 than eight hertz ( e.g. , less than 52 Hz for a 60 Hz nominal 
indicate that the utility is not within the normal operating frequency ) , the run timer may be executed with a second 
parameters . As long as the utility remains within normal duration , such as one second . If at the end of the run timer , 
operating parameters , the controller 32 loops back to step 54 the controller 32 detects that the generator has recovered 
and continues to monitor operation of the utility input . While such that the frequency of the feedback signal 27 is within 
the utility power is within normal operating parameters and 15 two hertz or within eight hertz , the controller 32 returns to 
the controller 32 is monitoring operation of the utility power , step 56. If , however , the controller 32 detects that the 
the load shed module 20 may be considered to be in a frequency of the feedback signal 27 remains outside the 
running operating mode . normal operating range for the generator , the controller 32 

If the controller 32 detects that the utility input is outside generates the control signal 28 to open the switch and shed 
of the normal operating parameters while in the running 20 the load 16 connected to the load shed module 20 , as 
operating mode , the controller 32 determines whether the indicated at step 64 . 
load shed module 20 may stay in a running operating mode Upon shedding the load 16 , the load shed module 20 
or transition to a disconnected operating mode . At step 56 , enters a waiting operating condition . The waiting operating 
the controller 32 determines whether the utility input has condition may similarly be entered during the initial power 
recovered . The controller 32 may utilize the same criteria 25 up of the load shed module 20 or if the controller 32 detects 
used at step 54 to determine whether utility power was that the generator is connected rather than utility power 
within normal operating parameters , and when the feedback being connected at step 52. At step 66 , the controller 32 
signal 27 indicates that the utility power is again operating evaluates the feedback signal 27 to determine whether the 
normally , the controller loops back to step 54. While the utility power supply has returned to normal operating con 
utility power has failed or is outside of normal operating 30 ditions . The controller 32 may utilize the same criteria used 
parameters , a backup generator , connected as the second at step 54 to determine whether utility power was within 
power supply 12 , and / or the transfer switch 14 may similarly normal operating parameters , and when the feedback signal 
be monitoring the utility voltage to detect failures in the 27 indicates that the utility power is again operating nor 
utility power supply . The generator controller may start - up mally , the controller loops back to step 54. If the load shed 
the generator and generate a signal to the transfer switch 14 35 module 20 is in the waiting operating condition and the 
to connect the second power supply 12 to the loads 16. Thus , utility power has not returned to normal , a start delay is 
at step 58 , the controller 32 determines whether the genera- executed . According to one embodiment of the invention , 
tor is running within normal operating parameters . During the delay is equal to five minutes plus an extra interval set 
the initial start - up of the generator , the generator may be according to the priority level of the load shed module 20 . 
outside of its normal operating parameters . Thus , at step 60 , 40 The priority level is set according to the priority selector 36 . 
the controller 32 executes a run timer 60. At step 62 , the The priority selector 36 may be , for example , a series of DIP 
controller 32 determines whether the generator has started switches , a multi - position selector switch , a voltage divider 
up within the duration of the run - timer . If so , the controller circuit generating a known reference voltage , or any other 
32 loops back to step 56 to monitor for the utility power suitable device to provide an input to the controller 32 
being reestablished and to monitor that the generator 45 corresponding to a desired priority level . According to one 
remains within normal operating parameters . Thus , the embodiment of the invention , the priority selector 36 may be 
controller 32 may keep the loads 16 connected and remain configurable in the field . Optionally , the priority selector 
in the running operating mode during a transition from the may be configured by a technician prior to installation . The 
first power supply 10 ( e.g. , utility power ) to the second controller 32 may read a duration from the memory device 
power supply 12 ( e.g. , a backup generator ) . 50 34 as a function of the priority level input . For example , a 

While the generator is running and the load shed module look - up table may be stored in the memory device 34 storing 
20 is in the running operating mode , the controller 32 different start - up durations for each priority level . Option 
monitors the input feedback signal 27 to verify that the ally , the controller 32 may use a fixed duration and multiply 
generator is within normal operating parameters . If , for the fixed duration times the priority level . For example , a 
example , a sudden change in the loads 16 occurs , the speed 55 fixed duration of five seconds may be used . If the priority 
of the generator and , subsequently , the frequency of the level of the load shed module 20 is one , the total duration is 
output voltage may change . If a load 16 is added , the speed five seconds , and if the priority level of the load shed module 
of the generator may slow down and , if a load 16 of 20 is two , the total duration is ten seconds , and so on for 
sufficient magnitude is added , the generator may stall . If a increasing priority levels . While the start - up delay is execut 
small change in the frequency of the feedback signal 27 is 60 ing , the load shed module 20 remains in the waiting oper 
detected , a small change in the loads 16 may be indicated ating condition and executes steps 66 and 68 . 
and it is likely the generator will be able to resume normal When the start - up delay is done executing , the controller 
operation . If a large change in the frequency of the feedback 32 checks the feedback signal 27 to determine whether the 
signal 27 is detected , a large change in the loads 16 may be frequency of the voltage at the input 22 of the load shed 
indicated and the generator may or may not be able to 65 module is within a normal operating range , as shown in step 
resume normal operation . Thus , the controller 32 may allow 70. According to one embodiment of the invention , the 
a small change in the output frequency to continue without controller 32 checks that the frequency of the feedback 

8



US 11,108,265 B2 
9 10 

signal 27 is at least within two hertz of the nominal fre- operating mode and begins execution at step 56. If , however , 
quency ( i.e. , > = 58 Hz for a 60 Hz nominal frequency ) . If the the controller 32 detects that the frequency of the feedback 
frequency of the feedback signal 27 is more than two hertz signal 27 remains outside the normal operating range for the 
below the nominal frequency , the controller 32 determines generator , the controller 32 generates the control signal 28 to 
that the generator is not operating normally and resets the 5 open the switch and shed the load 16 connected to the load 
start timer , as shown in step 72. The load shed module 20 shed module 20 , as indicated at step 82 . 
may remain in the waiting operating mode until it detects In order to prevent repeated attempts to connect a load 16 
either that one of the power supplies 10 , 12 ( e.g. , the utility to the generator that will result in an undesirable perfor 
power or the generator ) are operating within normal oper- mance of the generator , the load shed module 20 enters a 
ating parameters . Once the controller 32 detects that one of 10 lock out operating mode after shedding a load during the 
the power supplies 10 , 12 is operating within normal oper- transitional operating mode . As shown in steps 84 and 86 , 
ating parameters , the controller 32 generates the control the lock out operating mode executes a delay loop to prevent 
signal 28 to close the switch 26 connecting the load 16 at the another connection attempt . A lock out timer is executed that 
output 24 of the load shed module 20 to the power supply 10 , has , for example , a one - half hour duration . At step 84 , the 
12 connected to the input 22 , as shown in step 74. After 15 controller 32 determines whether the lock out timer has 
enabling the load shed module 20 , the controller 32 then completed execution . If not , the controller 32 also deter 
enters a transitional operating mode . mines whether the feedback signal 27 indicates the utility 

In the transitional operating mode , the controller 32 power supply has resumed normal operation , as shown in 
verifies that the load 16 which was just connected to the step 86. If neither condition has occurred , the controller 32 
power supply 10 , 12 does not negatively impact operation of 20 loops back to step 84 to again check whether the lock out 
the power supply 10 , 12. In particular , the controller 32 time is done executing . 
verifies that a step change in load 16 when a generator is When the lock out time is done executing , the controller 
connected to the load shed module 20 does not cause the 32 returns to step 74 and again generates the control signal 
generator to slow excessively or stall . At step 76 , the 28 to close the switch 26 and again attempt to connect the 
controller 32 monitors the feedback signal 27 to determine 25 load 16 to the power supply connected to the load shed 
whether the generator is within normal operating param- module 20. The additional delay time from the lock out timer 
eters . The detection sequence is similar to that discussed may permit , for example , the combination of loads 16 
above with respect to step 58. If a small change in the present to change such that the load 16 connected to the load 
frequency of the feedback signal 27 is detected , a small shed module 20 exiting the lock out operating mode to be 
change in the loads 16 may be indicated and it is likely the 30 successfully connected to the power supply . If during the 
generator will be able to resume normal operation . If a large execution of the lock out timer , the utility power supply 
change in the frequency of the feedback signal 27 is recovers , the controller 32 may switch from the lock out 
detected , a large change in the loads 16 may be indicated and operating mode to the running operating mode and continue 
the generator may or may not be able to resume normal execution at step 54. Further , a manual lockout selector 40 
operation . Thus , the controller 32 may allow a small change 35 may be used to keep the load shed module 20 in the lock out 
in the output frequency to continue without shedding a load operating mode such that the controller 32 continually 
16 for a longer duration than if a large change in the generates a control signal 28 which opens the switch 26 
frequency of the feedback signal 27 is detected . According between the input 22 and the output 24. The sequence of 
to one embodiment of the invention , if , at step 76 , the steps described above with respect to FIG . 3 , describe one 
controller 32 detects that the frequency of the feedback 40 embodiment of the present invention . It is understood that 
signal 27 has dropped at least two hertz ( e.g. , less than 58 Hz various steps may be executed in different orders , for 
for a 60 Hz nominal frequency ) , the transient timer ( step 78 ) different durations , and using different thresholds without 
may be executed with a first duration . If , at step 76 , the deviating from the scope of the invention . 
controller 32 detects that the frequency of the feedback With reference again to FIG . 1 , multiple load shed mod 
signal 27 has dropped more than eight hertz ( e.g. , less than 45 ules 20 are provided in a load distribution system . Each load 
52 Hz for a 60 Hz nominal frequency ) , the transient timer shed module 20 is connected between the transfer switch 14 
( step 78 ) may be executed with a second duration . During and one of the loads 16 in the system . Each of the load shed 
the transitional operating mode , the first and second dura- modules 20 executes the series of steps discussed above with 
tions of the transient timers are configured to be shorter than respect to FIG . 3 independently of the other . However , each 
the first and second durations of the run timers . According 50 load shed module 20 is monitoring the same voltage at its 
to one embodiment of the invention , the first and second respective input 22 and , therefore , receives the same varia 
duration of the transient timer is one - half second shorter tions in conditions and / or transitions between power sup 
than the corresponding duration of the run timer . As a result , plies 10 , 12. Although there may be some variation in time 
if one or more load shed modules 20 have already connected for execution of individual steps due , for example , to 
their respective loads 16 to the power supply 10 , 12 , the 55 manufacturing tolerances in sensing circuits and clock signal 
timer executing in the load shed module 20 that has most generation , each load shed module 20 ends up executing the 
recently connected its load 16 to the power supply 10 , 12 steps at generally the same time . As a result , the priority 
will complete prior to the timers executing in the load shed level at which each load shed module 20 is set will cause the 
modules 20 that have previously connected loads 16. Thus , load shed module to enable its respective load 16 at a 
the additional load 16 that results in generator operation 60 different time than the other load shed modules 20. It is 
outside of its normal operating range is removed prior to contemplated that a set of load shed modules 20 may be 
other loads 16 being removed . At step 80 , the controller 32 configured for each distribution system where the priority 
checks whether the generator has recovered from the addi- selector 36 for each load shed module 20 is set to a different 
tional load 16. If the controller 32 detects that the generator priority level . Optionally , multiple load shed modules 20 
has recovered such that the frequency of the feedback signal 65 may be set to the same priority level if the total value of the 
27 is within two hertz or within eight hertz , the controller 32 loads 16 connected to each load shed module 20 is not 
switches from the transitional operating mode to the running expected to have a negative impact on the generator . Accord 
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ing to still another embodiment of the invention , the priority is from the utility power source or from the backup power 
selectors 36 may be configurable in the field and the priority source based on the frequency of the AC voltage includes : 
level set when the load shed modules 20 are installed . determining whether the frequency of the AC voltage at 

Because each load shed module 20 executes indepen the input of the load shed module is within the fre 
dently , it may be installed independently of the other mod- 5 quency range ; and 
ules 20 as well . It is contemplated that all of the load shed determining that the AC voltage at the input of the load 
modules 20 may be installed at a common location , for shed module is from the utility power source when the example , proximate to a distribution panel at which utility frequency is within the frequency range , while deter power enters a facility and proximate to a transfer switch mining that the AC voltage at the input of the load shed receiving the utility power and the input from a backup 10 module is from the backup power source when the generator . Optionally , one or more of the load shed modules frequency is outside the first frequency range . 20 may be mounted proximate to the load 16 to which it is 4. The method of claim 1 , wherein the determining to be connected . For example , the load shed module 20 may 
be connected next to an electrical connection for a furnace , whether the AC voltage at the input of the load shed module 
oven , or other electronic device . Because the transfer switch 15 is from the utility power source or from the backup power 
14 controls which power supply 10 , 12 is connected to the source based on the frequency of the AC voltage includes : 
load shed module 20 and the load shed module 20 monitors determining a minimum frequency of the AC voltage at 
the voltage at the input 22 to determine which power supply the input of the load shed module over a measurement 
is connected , the load shed module 20 needs no control period ; 
signal from the transfer switch , generator , or other system 20 determining a maximum frequency of the AC voltage at 
controller . Similarly , the differing priority levels permit each the input of the load shed module over the measure 
load shed module 20 to execute without communication ment period ; 
between other load shed modules 20 . determining a difference between the minimum frequency 

It should be understood that the invention is not limited in and the maximum frequency ; and 
its application to the details of construction and arrange- 25 determining that the AC voltage at the input of the load 
ments of the components set forth herein . The invention is shed module is from the utility power source when the 
capable of other embodiments and of being practiced or difference is equal to or smaller than a threshold carried out in various ways . Variations and modifications of difference , while determining that the AC voltage at the the foregoing are within the scope of the present invention . input of the load shed module is from the backup power It also being understood that the invention disclosed and 30 source when the difference is greater than the threshold defined herein extends to all alternative combinations of two difference . or more of the individual features mentioned or evident from 5. The method of claim 1 , wherein the determining the the text and / or drawings . All of these different combinations 
constitute various alternative aspects of the present inven frequency of the AC voltage includes : 
tion . The embodiments described herein explain the best 35 detecting a first peak of the AC voltage ; 
modes known for practicing the invention and will enable detecting a second peak of the AC voltage , the second 
others skilled in the art to utilize the invention peak being next to the first peak ; and 
We claim : determining the frequency of the AC voltage based on the 
1. A method of reconnecting a load to a power source in first peak of the AC voltage and the second peak of the 

a power distribution system after shedding the load , com- 40 AC voltage . 
prising the steps of : 6. The method of claim 1 , wherein the backup power 

reading a feedback signal corresponding to an alternating source is a backup generator . 
current ( AC ) voltage received at an input of a load shed 7. A load shed module configured to be connected in 
module from the power source ; series between a transfer switch and a load , the load shed 

determining a frequency of the AC voltage from the 45 module comprising : 
feedback signal with a controller in the load shed an input configured to receive a first electrical connection 
module ; from the transfer switch ; 

determining whether the AC voltage at the input of the an output configured to provide a second electrical con 
load shed module is from a utility power source or from nection for the load ; 
a backup power source based on the frequency of the 50 a switch operatively connected in series between the input 
AC voltage ; and the output , wherein the switch is configured to be 

closing a switch connected in series between the input and connected between the transfer switch and the load , and 
an output of the load shed module when the frequency wherein the switch receives a control signal to selec 
of the AC voltage at the input is within a frequency tively control the switch ; 
range , wherein the output of the load shed module is 55 a sensor configured to generate a feedback signal corre 
connected to the load , and wherein the switch is con sponding to an alternating current ( AC ) voltage at the 
nected between a transfer switch and the load ; and input ; 

keeping the switch open when the frequency of the AC a controller connected to the sensor to receive the feed 
voltage at the input is outside the frequency range . back signal , and connected to the switch to supply the 

2. The method of claim 1 , wherein the closing the switch 60 control signal , wherein the controller is operable to : 
connected in series between the input and an output of the determine whether the AC voltage at the input of the 
load shed module includes : load shed module is from a utility power source or 

determining that a delay period has passed ; and from a backup power source based on a frequency of 
closing the switch connected in series between the input the AC voltage ; 

and an output of the load shed module . close the switch when the frequency of the AC voltage 
3. The method of claim 1 , wherein the determining at the input is within an expected frequency range ; 

whether the AC voltage at the input of the load shed module and 

65 

10



5 

15 

US 11,108,265 B2 
13 14 

keep the switch open when the frequency of the AC connected between a transfer switch and the load , and 
voltage at the input is outside the expected frequency wherein the switch receives a control signal to selec 
range . tively control the switch ; 

8. The load shed module of claim 7 , wherein the operation a sensor configured to generate a feedback signal corre 
to close the switch includes : sponding to an alternating current ( AC ) voltage at the 

determine that a delay period has passed ; and input ; 
close the switch . a controller connected to the sensor to receive the feed 
9. The load shed module of claim wherein the operation back signal , and connected to the switch to supply the to determine whether the AC voltage at the input of the load control signal , wherein the controller is operable to : shed module is from the utility power source or from the 10 determine whether the AC voltage is from a utility backup power source based on the frequency of the AC power source or a backup power source based on a voltage includes : 
determine whether the frequency of the AC voltage at the frequency of the AC voltage at the input ; and 

when the AC voltage is from the utility power source , input of the load shed module is within the expected 
frequency range ; and generate the control signal to close the switch . 

14. The load shed module of claim 13 , wherein the determine that the AC voltage at the input of the load shed 
module is from the utility power source when the operation to generate the control signal to close the switch 
frequency is within the expected frequency range , when the AC voltage is from the utility power source 

includes : while determining that the AC voltage at the input of 
the load shed module is from the backup power source 20 when the AC voltage is from the utility power source , 
when the frequency is outside the expected frequency determine that the frequency of the AC voltage is 

within an expected frequency range for a first period of range . 
10. The load shed module of claim 7 , wherein the opera time ; and 

tion to determine whether the AC voltage at the input of the generate the control signal to close the switch . 
load shed module is from the utility power source or from 25 15. The load shed module of claim 13 , wherein the 
the backup power source based on the frequency of the AC operation to determine whether the AC voltage is from the 
voltage includes : utility power source or the backup power source based on 

determine a minimum frequency of the AC voltage at the the frequency of the AC voltage at the input includes : 
determine whether the frequency of the AC voltage is input of the load shed module over a measurement 

period ; within an expected frequency range ; and 
determine that the AC voltage is from the utility power determine a maximum frequency of the AC voltage at the 

input of the load shed module over the measurement source when the frequency is within the expected 
period ; frequency range , while determine that the AC voltage 

determine a difference between the minimum frequency is from the backup power source when the frequency is 
and the maximum frequency ; and outside the expected frequency range . 

16. The load shed module of claim 13 , the operation to determine that the AC voltage at the input of the load shed determine whether the AC voltage is from the utility power module is from the utility power source when the 
difference is equal to or smaller than a threshold source or the backup power source based on the frequency 
difference , while determining that the AC voltage at the of the AC voltage present at the input includes : 

determine a minimum frequency of the AC voltage over input of the load shed module is from the backup power 40 
source when the difference is greater than the threshold a measurement period ; 
difference . determine a maximum frequency of the AC voltage over 

11. The load shed module of claim 7 , wherein the fre the measurement period ; 
determine a difference between the minimum frequency quency of the AC voltage at the input is obtained by and the maximum frequency ; and detecting a first peak of the AC voltage and a second peak 45 determine that the AC voltage is from the utility power of the AC voltage , the second peak being next to the first 

peak . source when the difference is equal to or smaller than 
12. The load shed module of claim 7 , wherein the backup a threshold difference , while determine that the AC 

power source is a backup generator . voltage is from the backup power source when the 
13. A load shed module configured to be connected in 50 difference is greater than the threshold difference . 

series between a transfer switch and a load , the load shed 17. The load shed module of claim 13 , wherein the 
module comprising : frequency of the AC voltage at the input is obtained by 

an input configured to receive a first electrical connection detecting a first peak of the AC voltage and a second peak 
from the transfer switch ; of the AC voltage , the second peak being next to the first 

peak . an output configured to provide a second electrical con- 55 
nection for the load ; 18. The load shed module of claim 13 , wherein the backup 

a switch operatively connected in series between the input power source is a backup generator . 
and the output , wherein the switch is configured to be 
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