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Application No. Applicant(s)

16/952,007 Cooper, J. Carl
Response to Rule 312 Communication Examiner Art Unit | AIA (FITF) Status
JOSEPH N INGE 2836 | No

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address --

1. M The amendment filed on 13 January 2024 under 37 CFR 1.312 has been considered, and has been:
a)J entered.

b) entered as directed to matters of form not affecting the scope of the invention.

c) [ disapproved because the amendment was filed after the payment of the issue fee.
Any amendment filed after the date the issue fee is paid must be accompanied by a petition under 37 CFR 1.313(c)(1)
and the required fee to withdraw the application from issue.

d) [0 disapproved. See explanation below.

e)J entered in part. See explanation below.

fy J not entered because the supplemental or corrected Application Data sheet (ADS)
(3J was not accompanied by a petition to accept an unintentionally delayed claim under 37 CFR 1.55 or 27 CFR 1.78;
(3 did not identify the information being changed in accordance with 37 CFR 1.76(c)(2);

(J was not properly signed in accordance with 37 CFR 1.76(e) (or 37 CFR 1.33(b) for applications filed prior to
September 16, 2012).

/JOSEPH N INGE/ /REXFORD N BARNIE/
Examiner, Art Unit 2836 Supervisory Patent Examiner, Art Unit 2836

U.S. Patent and Trademark Office
PTOL-271 (Rev. 08-21) Response to Rule 312 Communication Part of Paper No. 20240315
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Grp/A.U. : 2836
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Conf. No. : 3658

January 13, 2024

Honorable Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

AMENDMENT AFTER NOTICE OF ALLOWANCE
Sir:
In reviewing the above application, Applicant discovered an error in the filing date of
parent application 13/481,804 in line 2 of paragraph 1 the specification. Additionally, that
application has issued as a patent. Applicant respectfully requests that paragraph 1 of the
specification be amended as provided in 37 CFR 1.312 (MPEP §714.16) by replacing
paragraph 1 with the corrected paragraph 1 included herein. The issue fee has not yet
been paid. Both clean and marked up copies of the amended paragraph 1 are included. No

new matter is entered.

Respectfully Submitted,
/ J. Carl Cooper/

J. Carl Cooper

Reg. 34,568
videoengr@sbcglobal.net
(775) 831-6123
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Specification Amendment

16/952,007 PARAGRAPH 1 MARKED UP TO SHOW AMENDMENT

[Para 1] This application is a division of, and incorporates herein by reference,
application number 13/481,804 entitled Power Source Load Control, filed-Mareh16;
2643 May 26, 2012. and which issued as Patent Number 10.879.727 on December 29,

2020, which in turn claims benefit of, and incorporates by reference in their entirety,

provisional patent applications: Power Source Load Control, application number
61/490,253 filed May 26, 2011; Power Source Load Control, application number
61/552,722 filed October 28, 2011; Load Control, application number 61/598,564 filed
February 14, 2012 and Genset Overload Control, application number 61/624,360 filed

April 15, 2012-which-provisional-appheations-are-also-incorporated-herein-byreferenece




16/952,007 CLEAN VERSION OF AMENDED PARAGRAPH 1

[Para 1] This application is a division of, and incorporates herein by reference,
application number 13/481,804 entitled Power Source Load Control, filed May 26, 2012,
and which issued as Patent Number 10,879,727 on December 29, 2020, which in turn
claims benefit of, and incorporates by reference in their entirety, provisional patent
applications: Power Source Load Control, application number 61/490,253 filed May 26,
2011; Power Source Load Control, application number 61/552,722 filed October 28,
2011; Load Control, application number 61/598,564 filed February 14, 2012 and Genset
Overload Control, application number 61/624,360 filed April 15, 2012.
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Doc code: RCEX PTO/SB/30EFS (01-22)

Doc description: Request for Continued Examination (RCE) Approved for use through 05/31/2024. OMB 0651-0031
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

REQUEST FOR CONTINUED EXAMINATION(RCE)TRANSMITTAL
(Submitted Only via EFS-Web)

Application | 000007 Filing | 5020-11-18 Docket Number |, ¢ 15> 5 2020 At | oe36
Number Date (if applicable) Unit

First Named J. Carl Cooper Examiner Inge, Joseph N

Inventor Name

This is a Request for Continued Examination (RCE) under 37 CFR 1.114 of the above-identified application.
Request for Continued Examination (RCE) practice under 37 CFR 1.114 does not apply to any utility or plant application filed prior to June 8,
1995, or to any design application. The Instruction Sheet for this form is located at WWW.USPTO.GOV

SUBMISSION REQUIRED UNDER 37 CFR 1.114

Note: If the RCE is proper, any previously filed unentered amendments and amendments enclosed with the RCE will be entered in the order
in which they were filed unless applicant instructs otherwise. If applicant does not wish to have any previously filed unentered amendment(s)
entered, applicant must request non-entry of such amendment(s).

D Previously submitted. If a final Office action is outstanding, any amendments filed after the final Office action may be considered as a
submission even if this box is not checked.

|:| Consider the arguments in the Appeal Brief or Reply Brief previously filed on

[] other

Enclosed

Amendment/Reply
Information Disclosure Statement (IDS)

|:| Affidavit(s)/ Declaration(s)

[] other

MISCELLANEOUS

D Suspension of action on the above-identified application is requested under 37 CFR 1.103(c) for a period of months
(Period of suspension shall not exceed 3 months; Fee under 37 CFR 1.17(i) required)

[] other

FEES

The RCE fee under 37 CFR 1.17(e) is required by 37 CFR 1.114 when the RCE is filed.
The Director is hereby authorized to charge any underpayment of fees, or credit any overpayments, to
Deposit Account No

SIGNATURE OF APPLICANT, ATTORNEY, OR AGENT REQUIRED

Patent Practitioner Signature
[[1 ApplicantSignature

EFS - Web 2.1.16
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Doc code: RCEX
Doc description: Request for Continued Examination (RCE)
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Approved for use through 05/31/2024. OMB 0651-0031
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Signature of Registered U.S. Patent Practitioner

Signature

/J. Carl Cooper/
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Name
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This collection of information is required by 37 CFR 1.114. The information is required to obtain or retain a benefit by the public which is to
file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is
estimated to take 12 minutes to complete, including gathering, preparing, and submitting the completed application form to the USPTO. Time
will vary depending upon the individual case. Any comments on the amount of time you require to complete this form and/or suggestions for

reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce,
P.O. Box 1450, Alexandria, VA 22313-1450.
If you need assistance in completing the form, call 1-800-PT0O-9199 and select option 2.
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the
attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be
advised that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information
solicited is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office
is to process and/or examine your submission related to a patent application or patent. If you do not furnish the requested
information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may
result in termination of proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:
1. The information on this form will be treated confidentially to the extent allowed under the Freedom of Information

Act (5 U.S.C. 552) and the Privacy Act (56 U.S.C. 552a). Records from this system of records may be disclosed to the
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these records.

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a
court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement
negotiations.

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a

request involving an individual, to whom the record pertains, when the individual has requested assistance from the
Member with respect to the subject matter of the record.

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need
for the information in order to perform a contract. Recipients of information shall be required to comply with the
requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of records
may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property Organization,
pursuant to the Patent Cooperation Treaty.

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of
National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services,
or his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility to
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make
determinations about individuals.

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record may
be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in an
application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspections or an issued patent.

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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Claims

Claims 1-28 (canceled)

Claim 29 (currently amended): A power system which provides A.C. power with a controlled

A.C. frequency to assist in managing the loading thereof, the power system comprising:

a)

b)

c)

a non-utility type power source comprising an inverter which provides single or multiple
phase output A.C. power to one or more of a plurality of loads, the power source having at
least one maximum output power parameter which if exceeded causes an overload of the
power source, the output A.C. power having an A.C. frequency, which frequency is

controlled in response to the timely amount of the output A.C. power;

a power sensing circuit which may be part of the power source or otherwise and is
responsive to the timely amount of the output A.C. power, the power source operating in
response to the power sensing circuit to control the frequency of the output A.C. power to
have a first frequency when the power source is not overloaded and a second frequency

when the power source is overloaded [and/]or is near to being overloaded;

a processor circuit comprising one or more processors responsive to the output A.C. power,
the processor circuit operating in response to the occurrence of the second frequency to
control the ameunt-of output A.C. power consumed by at least one load of the one or more

loads thereby helping to prevent or alleviate an overload of the power source.

Claim 30 (previously presented): A power system as claimed in claim 29 wherein when the one

or more loads demand more power than the inverter can produce, the power source changes the

A.C. power output frequency from the first frequency to the second frequency to signal the

processor circuit to shed one or more of the plurality of loads to help the power source to recover

from an overload.

14



Claim 31 (previously presented): A power system as claimed in claim 29 wherein the power

source is used as a backup power source when utility power fails.

Claim 32 (previously presented): A power system as claimed in claim 29 wherein the inverter is
responsive to power provided by a generator comprising an internal combustion engine to

provide the output A.C. power.

Claim 33 (previously presented): A power system as claimed in claim 29 wherein the inverter is

responsive to at least one rechargeable battery to provide the output A.C. power.

Claim 34 (currently amended): A power system as claimed in claim 33 wherein the power

system controls the charging of the at least one rechargeable battery.-battery=

Claim 35 (currently amended): A power system as claimed in claim 34 wherein the power

system controls the charging of the at least one rechargeable battery-battery from a power grid.

Claim 36 (currently amended): A power system as claimed in claim 34 wherein the power

system controls the charging of the at least one rechargeable battery-battery from_at least one-a

solar panel.

Claim 37 (currently amended): A power system as claimed in claim 34 wherein the power

system controls the charging of the at least one rechargeable battery-battery from a non-grid

internal combustion powered electrical power source.

15



Claim 38 (currently amended): A power system as claimed in claim 34 wherein a power grid and
a-at least one solar panel are available to charge the battery and the power system controls the
selection of at least one of the power grid and the at least one solar panel to charge the at least

one rechargeable battery.-battery-

Claim 39 (currently amended): A power system as claimed in claim 34 wherein a power grid and
a non-grid internal combustion powered electrical power source are available to charge the at

least one rechargeable battery-battery and the power system controls the selection of at least one

of the power grid and the non-grid internal combustion powered electrical power source to

charge the at least one rechargeable battery.-battery-

Claim 40 (currently amended): A power system as claimed in claim 34 wherein a power grid, a
solar panel array and a non-grid internal combustion powered electrical power source are

available to charge the at least one rechargeable battery-battery and the power system controls

the selection of one or more of the power grid, the solar panel array and the non-grid internal

combustion powered electrical power source to charge the at least one rechargeable battery.

battery

Claim 41 (currently amended): A power system as claimed in claim 29 further including a

transfer switch which may select a power seleets-either-a-utdity-grid or the power source to

provide power to the one or more of a plurality of loads, the transfer switch outputting power
from the atiity-grid when grid power meets acceptable parameters and to output power from the

power source when the grid power does not meet acceptable standards.

Claim 42 (currently amended): A power system as claimed in claim 29 further including a

transfer switch which may select a power seleetseithera—watHity-grid or the power source to

provide power to the one or more of a plurality of loads, the transfer switch outputting power

16



from the power utHity-grid when grid power meets acceptable standards and may output
parameters-and-outputting-power from the power source when the grid power does not meet

acceptable standards, the power sensing circuit of b) comprising one or more current sensors

electrically located to sense current output from the transfer switch.

Claim 43 (currently amended): A power system as claimed in claim 29 further including a
transfer switch which may select a power -seleets-eitherautitity-grid or the power source to

provide power to the one or more of a plurality of loads, the transfer switch operating to select

the_power -utility grid when grid power meets acceptable standards parameters-and to select the
power source when the grid power does not meet acceptable standards, the power sensing circuit
of b) comprising one or more current sensors electrically located to sense current output from the
transfer switch and thereby are responsive to the amount of current being provided to the one or
more of a plurality of loads by the_power -atiity-grid when the transfer switch selects the power
wtity-grid and to sense the amount of current being provided to the one or more of a plurality of

loads by the power source when the transfer switch selects the power source.

Claim 44 (currently amended): A power system as claimed in claim 33 further including a
transfer switch which_may output estpats-power from_a power -eithera-atiity-grid or from the
power source to provide power to the one or more of a plurality of loads, the power system

operating to charge the at least one rechargeable battery-battery from the power grid via the

transfer switch output when the transfer switch outputs grid power, with the power system

stopping the charging of the at least one rechargeable battery-battery via the output of the transfer

switch when the transfer switch outputs power from the power source to provide power to the

one or more of a plurality of loads.

Claims 45-71 (canceled)

17



Claim 72 (new): A power system which provides AC power with a changeably controlled AC

frequency to assist in managing the loading thereof, the power system comprising:

a)

b)

c)

a power source comprising one or more DC to AC inverter which provides output AC
power to one or more of a plurality of loads, the power source having a known at least one
power source parameter corresponding to the maximum output power capability of the

power source;

the output AC power having one or more timely power parameter which is sensed and
compared to at least one corresponding power source parameter by a power source monitor
which may be part of the power source or otherwise, the power source operating in
response to the power source monitor to control the frequency of the output AC power to
have at least a first frequency when the power source is not overloaded and a second
frequency when the power source is overloaded including by supplying an excessive

current for a period of time which if continued may risk damage or loss of power;

a processor circuit comprising one or more processors responsive to the output AC power
and operating in response to the occurrence of the second frequency to control the coupling
of output AC power to at least one load of the one or more loads thereby helping to prevent

or alleviate an overload of the power source.

Claim 73 (new): A power system as claimed in claim 72 wherein the at least one power source

parameter of a) corresponds to at least one of the power source not being overloaded or being

overloaded.

Claim 74 (new): A power system as claimed in claim 72 wherein in b) the one or more timely

power parameter includes at least a voltage of the output AC power and is compared to the at

least one power source parameter of a) which includes at least a voltage amount.

18



Claim 75 (new): A power system as claimed in claim 72 wherein in b) the one or more timely

power parameter includes at least a current of the output AC power and is compared the at least

one power source parameter of a) which includes at least a current amount.

Claim 76 (new): An electronic power system which provides single or multiple phase AC power

having parameters including but not limited to voltage, current and frequency, the AC frequency

being changeably controllable to assist in managing the loading of the power system, the power

system comprising at least:

a)

b)

a power source comprising one or more DC to AC inverter circuit which receives DC
power from a DC power source and converts it to AC power having a changeably

controlled frequency;

a power source monitor circuit which may be part of the power source or otherwise
operating in response to the operating condition of the power source to control the AC
power frequency to be one of a plurality of frequencies including at least a first frequency
which represents when the power source is being operated with loading that does not create
an overload and a second frequency which represents when the power source is being
operated with loading that if continued will risk damage to or loss of power by the power

source;

the power system further comprising a coupling circuit for controllably coupling at least
some of the AC power from the power source to at least a first load of one or more loads,
the coupling being responsive to the frequency of the output AC power in a manner such
that it performs at one or more of helping to prevent overloading; helping to mitigate

overloading or helping to not increase the overloading of the power source.

19



Claim 77 (new): A power system as claimed in claim 76 wherein in b) the power source monitor
circuit is responsive to the operating condition of the power source which is a voltage of the AC

power to control the AC power frequency.

Claim 78 (new): A power system as claimed in claim 76 wherein in b) the power source monitor
circuit is responsive to a voltage of the AC power dropping below a known voltage to control the

AC power frequency to be the second frequency.

Claim 79 (new): A power system as claimed in claim 76 wherein the AC power has a sine wave
distortion parameter and in c) the coupling circuit is additionally responsive to the AC power
sine wave distortion to performs at one or more of helping to prevent overloading; helping to

mitigate overloading or helping to not increase the overloading of the power source.

Claim 80 (new): A power system as claimed in claim 76 wherein in b) the power source monitor
circuit is responsive to a wattage of the AC power rising above a known wattage to control the

AC power frequency to be the second frequency.

Claim 81 (new): A power system as claimed in claim 76 wherein in c¢) the coupling circuit
comprises a contactor having input terminals for electrically connecting to the power source and
output terminals for electrically connecting to the first load and providing AC power thereto
when the contactor is closed, the coupling circuit further comprising a user interface whereby the
user may configure the manner in which the coupling circuit responds to the frequency of the AC

power to open the contactor thereby disconnecting the AC power from the first load.

Claim 82 (new): An electronic power system which provides AC power, the power system

comprising at least:
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a) an AC power source having one or more DC to AC inverter which converts DC power to
AC power having a changeably controlled frequency, the AC power source having at least
one timely operating parameter from which an overload of the AC power source may be

determined;

b) a power source monitor, which may be part of the power source or otherwise, operating in
response to the at least one timely operating parameter to control the AC power frequency
to have a timely one of a plurality of frequencies including least a first frequency when

there is no overload and a second frequency when there is an overload;

c) the power system further comprising a coupling circuit for controllably coupling the AC
power to at least a first load of the one or more loads, the first coupling being responsive to
the loading of the AC power source in a manner that it performs at least one of helping to

prevent, or helping to mitigate, overloading of the power source.

Claim 83 (new): A power system as claimed in claim 82 wherein in b) the power source monitor
is responsive to the at least one timely operating parameter which is a voltage of the AC power to

control the AC power frequency.

Claim 84 (new): A power system as claimed in claim 83 wherein in b) when a voltage of the AC
power drops below a known voltage the AC power frequency is controlled to be the second

frequency.

Claim 85 (new): A power system as claimed in claim 82 wherein in b) the power source monitor
is responsive to the at least one timely operating parameter which is a current of the AC power to

control the AC power frequency.
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Claim 86 (new): A power system as claimed in claim 85 wherein in b) when a current of the AC
power increases above a known current the AC power frequency is controlled to be the second

frequency.

Claim 87 (new): A power system as claimed in claim 82 wherein in b) the power source monitor
circuit is responsive to the at least one timely operating parameter which is a wattage of the AC

power.

Claim 88 (new): A power system as claimed in claim 87 wherein in b) when a wattage of the AC
power increases above a known wattage the AC power frequency is controlled to be the second

frequency.

Claim 89 (new): An electronic power system which provides AC power to one or more loads, the

power system comprising at least:

a) an AC power source having one or more DC to AC inverter which converts DC power to
AC power which may be controlled to change to different known frequencies, the AC
power source having at least one timely operating parameter from which an overload of the

AC power source may be determined;

b) apower source monitor operating in response to the at least one timely AC power source
operating parameter to control the AC power frequency to have a timely one of a plurality
of frequencies including least a first frequency when there is no overload and a second

frequency when there is an overload;

c) the power system further comprising a first coupling circuit for controllably coupling the
AC power to at least a first load of the one or more loads in a manner to mitigate

overloading of the power source after the AC power takes on the second frequency; and
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d) further comprising a second coupling circuit for controllably coupling the AC power to at
least a second load of the one or more loads, the second coupling circuit being responsive
to at least one AC power source timely operating parameter, which may be the same as or
different than the at least one timely operating parameter of b) to perform at least one of i)
prevent an overload, ii) alleviate an overload or iii) prevent further overload if the power

source is already overloaded.

Claim 90 (new): An electronic power system as claimed in claim 89 wherein in d) the second
coupling circuit is responsive to the at least one AC power source timely operating parameter

which is a voltage of the AC power.

Claim 91 (new): An electronic power system as claimed in claim 90 wherein in d) the second

coupling circuit is responsive to a voltage of the AC power increasing above a known value.

Claim 92 (new): An electronic power system as claimed in claim 89 wherein in d) the second
coupling circuit is responsive to the at least one AC power source timely operating parameter

which is a current of the AC power.

Claim 93 (new): An electronic power system as claimed in claim 90 wherein in d) the second

coupling circuit is responsive to a current of the AC power increasing above a known value.

Claim 94 (new): A power system which provides AC power with a controlled AC frequency to

assist in managing the loading thereof, the power system comprising:

a) anon-utility type power source having one or more inverter which provides single or
multiple phase output AC power to one or more of a plurality of loads, the power source

having at least one power system parameter which if exceeded indicates an actual or
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potential overload of the power source, the output AC power having an AC frequency,
which frequency is controlled in response to a timely amount of a parameter of the power

source;

b) a sensing circuit which may be part of the power source or otherwise and is responsive to
the timely amount of at least one loading parameter of the power source, the power source
operating in response to the sensing circuit and the at least one power system parameter to
control the frequency of the output AC power to have a first frequency when the power
source is not overloaded and a second frequency when the power source is overloaded or is

near to being overloaded;

€) aprocessor circuit comprising one or more processors responsive to the output AC power,
the processor circuit operating in response to the occurrence of the second frequency to
control the output AC power consumed by at least one load of the one or more loads

thereby helping to prevent or alleviate an overload of the power source.

Claim 95 (new): A power system as claimed in claim 94 wherein in b) the at least one loading

parameter is a voltage of the output AC power.

Claim 96 (new): A power system as claimed in claim 95 wherein in a) the at least one power
system parameter is an amount of voltage and when in b) the voltage of the output AC power is
less than the voltage amount the frequency of the output AC power is controlled to have the

second frequency.

Claim 97 (new): A power system as claimed in claim 94 wherein in b) the at least one loading

parameter is a current of the output AC power.

11

24



Claim 98 (new): A power system as claimed in claim 97 wherein in a) the at least one power
system parameter is an amount of current and when in b) the current of the output AC power is
greater than the current amount the frequency of the output AC power is controlled to have the

second frequency.

Claim 99 (new): A power system as claimed in claim 94 wherein in c) the processor circuit
operates to disconnect output AC power from the at least one or more loads for at least a time

period which is responsive to a load priority which is selected via a user interface.

Claim 100 (new): A power system which provides AC power to one or more loads, the AC
power frequency being changeably controlled to assist managing the loading of the power

system at least when not sending power to a grid, the power system comprising:

a) anon-utility type power source comprising one or more inverter which receives power

from one or more of:

1) arechargeable power storage system;

ii) a vehicle battery;

iii) a solar PV system;

iv) an other green renewable power system;

v) an internal combustion power generator;
the power source providing single or multiple phase output AC power to one or more loads
which may include the power grid, the output AC power having one or more controlled
parameter, including the AC frequency which frequency is controlled by the power source
in response to the power grid frequency or another device frequency if synchronization
thereto is desired, or if synchronization is not desired the one or more controlled parameter
including the AC frequency may be controlled in response to the loading of the power

source;

b) a control circuit which may be part of the power source or otherwise, is responsive to one

or more power source operating parameter which affects the power source operation, the
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control circuit operating at least when the output AC power is not synchronized to the
power grid or another device, to control one or more parameter of the output AC power
such that the AC power has at least first frequency when the power source is not
overloaded including when it supplies excessive current which the AC power source can
handle, and at least a second frequency when the power source is overloaded including
when it supplies an excessive current for a period of time which if continued may risk

power source damage or loss of AC power;

C) aprocessor circuit comprising one or more processors responsive to the one or more
parameter of the output AC power, and in response to the occurrence of the second
frequency operating to control the coupling of output AC power to at least one load of the

one or more loads thereby helping to prevent or alleviate an overload of the power source.

Claim 101 (new): A power system as claimed in claim 100 which provides renewable and
backup power in addition to grid power, wherein the power source provides output AC power
which is coupled via one or more contactor or transfer switch to the one or more loads which
without the output AC power would normally be powered by the grid, the output AC power
being synchronized to and paralleled with the power grid power to reduce consumption of grid

power when grid power is available.

Claim 102 (new): A power system as claimed in claim 100 which provides renewable and
backup power in addition to grid power, wherein the power source provides output AC power
which is coupled via one or more contactor or transfer switch to the one or more loads in parallel
with grid power, and when grid power is not available the grid is decoupled from the output AC

power leaving the output AC power to provide backup power for ones of the one or more loads.

Claim 103 (new): A power system as claimed in claim 100 which provides renewable and
backup power in addition to grid power to a sub-panel, wherein the power source provides output

AC power which is coupled via one or more contactor or transfer switch to the sub-panel to
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power a plurality of loads, each of which is electrically coupled thereto via a processor circuit

c).

Claim 104 (new): A power system as claimed in claim 100 wherein in b) the control circuit
controls the output AC power voltage to decrease from a standard voltage to a first known
amount when the power source has been supplying an excessive current for a period of time

which if continued may risk power source damage or loss of AC power.

Claim 105 (new): A power system as claimed in claim 100 wherein in b) when the power source
has been supplying an excessive current for a period of time which if continued may risk power
source damage or loss of AC power, the control circuit controls the output AC power voltage to
decrease from a first standard voltage to a second known voltage and further controls the
frequency of the AC power to decrease from a first standard frequency to a second known

frequency.

Claim 106 (new): A power system as claimed in claim 100 which provides backup power for
grid power wherein the one or more inverter providing output AC power which along with grid
power is coupled via one or more contactor and/or transfer switch to loads in a manner that the
loads are normally at least partially powered by the grid and when the grid power fails the grid is
isolated from the power system output and at least one of the one or more loads with only backup

power from the power source being coupled for use by the at least one of the one or more loads.

Claim 107 (new): A power system as claimed in claim 106 wherein the output AC voltage is
controlled to have a first voltage when the power system is not overloaded and to have a second
lower voltage when the power system is overloaded including when an excessive current has
been supplied for a period of time which if continued may risk power source damage or loss of

AC power.
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Claim 108 (new): A power system as claimed in claim 100 which provides renewable and
backup power in addition to grid power, wherein the one or more inverter receives DC power
from at least one of a solar PV system or a rechargeable power storage system with the power
system output AC power being coupled via one or more contactor and/or transfer switch to loads
which are normally at least partially powered by the grid, the output AC power being
synchronized to and paralleled with the power grid power to reduce consumption of grid power
and when sufficient power is available from the power system additional output AC power is

sent into the power grid.

Claim 109 (new): A power system as claimed in claim 100 wherein in b) the first frequency
which is substantially the grid power frequency represents no overload and the second frequency

which is lower than the first frequency represents an overload.

Claim 110 (new): A power system as claimed in claim 109 wherein in c) the processor circuit
helps to prevent or alleviate an overload by controlling coupling output AC power to the at least
one load by disconnecting that load and keeping it disconnected for a first time period which is
responsive to the load’s priority which is selected via a user interface, with the disconnection of
the load taking place in response to the second frequency being present for at least a second time
period or a third frequency being present for at least a third time period which is shorter than the

second time period.

Claim 111 (new): A power system as claimed in claim 100 wherein in c) the processor circuit is
part of the power source and controls coupling output AC power to a plurality of loads of the one
or more loads whereby each of the plurality of loads is disconnected for at least a corresponding
time period which is responsive to a corresponding load priority with each of the load priorities

being selected via a user interface.
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Claim 112 (new): A power system as in claim 100 comprising a plurality of physically distinct
processor circuits c¢) each being contained in its own enclosure and not physically part of the
power source, with each processor circuit being physically wired to the power source output to
receive the output AC power, and physically wired to a corresponding at least one load of the
one or more loads; with each distinct processor circuit ¢) responsive to the occurrence of the
second frequency to control coupling of output AC power by disconnecting the corresponding
load for at least a period of time which is responsive to a load priority for that corresponding

load, the priority being selected via a user interface.

Claim 113 (new): A power system as claimed in claim 100 wherein the AC power of b) has at
least a first voltage when the power source is not overloaded and at least a second voltage less

than the first voltage when the power source is overloaded.

Claim 114 (new): A power system as claimed in claim 100 wherein the AC power of b) has at
least a first voltage when the power source is not overloaded and is not supplying excessive
current, and at least a second voltage when the power source is not overloaded and is supplying

excessive current.

Claim 115 (new): A power system as claimed in claim 100 wherein the AC power of b) has at
least a first voltage when the power source is not overloaded and is not supplying excessive
current, and at least a second voltage less than the first voltage when the power source is not
overloaded and has started supplying excessive current and at least a third voltage less than the
second voltage when the power system is overloaded and the excessive current has been supplied

for a period of time which if continued may risk power source damage or loss of AC power.
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Claim 116 (new): A power system which provides AC power with one or more controlled power

parameters to assist in managing the loading thereof, the power system comprising:

a)

b)

a non-utility type power source comprising an inverter which provides single or multiple
phase output AC power to one or more of a plurality of loads, the power source having at
least one maximum power source parameter which if exceeded for a specified period of
time may cause a loss of output AC power or damage to the power source, the output AC
power having one or more timely power parameter, including AC frequency, which may be

changed;

a power sensing circuit which may be part of the power source or otherwise and is
responsive to the timely power parameter, the power source operating in response to the
power sensing circuit and the maximum output power parameter to control the frequency of

the output AC power to indicate the loading of the power source;

a processor circuit comprising one or more processors responsive to the frequency of the
output AC power to control the coupling of power to at least one load of the one or more

loads thereby helping to prevent or alleviate an overload of the power source.

Claim 117 (new): A power system as claimed in claim 116 wherein the processor circuit of c) is

a physically distinct device contained in its own enclosure and not physically part of the power

source of a), the processor circuit ¢) being physically wired to the power source output to receive

the output AC power, and physically wired to the at least one load of the one or more loads, the

processor circuit operating to controllably couple power from the power source output to the at

least one load.

Claim 118 (new): A power system as claimed in claim 116 wherein the processor circuit of ¢) is

a physically distinct device contained in its own enclosure and not physically part of the power

source of a), the enclosure containing:
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d)

g)

a printed circuit assembly on which at least the one or more processor and supporting

circuitry is mounted;

at least one electrically controlled electro-mechanical switch, relay or contactor with one or
more input electrical terminals via which it may be physically wired to the power source
output to receive the output AC power, and one or more load electrical terminals via which
it may be physically wired to the at least one load of the one or more loads and at least one
control electrical terminal which is connected to the printed circuit assembly in order that
the one or more processor can control connecting the output AC power to the at least one

load via the input electrical terminals and the load electrical terminals;

a power supply receiving the output AC power of d) and providing DC power for the one
or more processors, the power supply circuit being partially or totally mounted on the

printed circuit board or otherwise;

a user interface circuit being partially or totally mounted on the printed circuit or otherwise,
the user interface providing information to a user or installer and providing the capability to

enter a priority for the at least one load of e).

Claim 119 (new): A power system as claimed in claim 116 wherein there are a plurality of

processor circuits of ¢) the power system comprising:

a plurality of processor circuits of ¢) each being a physically distinct device contained in its own

enclosure and not physically part of the power source of a) or other processor circuits c), each

enclosure containing:

d) a printed circuit assembly on which at least the one or more processor and supporting

circuitry is mounted;
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e) at least one electrically controlled electro-mechanical switch, relay or contactor with one or
more input electrical terminals via which it may be physically wired to the power source
output to receive the output AC power, and one or more load electrical terminals via which
it may be physically wired to the at least one load of the one or more loads and at least one
control electrical terminal which is connected to the printed circuit assembly in order that
the one or more processor can control connecting the output AC power to the at least one

load via the input electrical terminals and the load electrical terminals;

f) apower supply receiving the output AC power of d) and providing DC power for the one
or more processors, the power supply circuit being partially or totally mounted on the

printed circuit board or otherwise;

g) auser interface circuit being partially or totally mounted on the printed circuit or otherwise,
the user interface providing information to a user or installer and providing the capability to

enter a priority for the at least one load of e).

Claim 120 (new): A power system as claimed in claim 116 wherein in a) the one or more inverter

is a DC to AC inverter and receives DC power from one or more of:

1) apower grid

ii) arechargeable power storage system;
iii) a solar PV system;

iv) another green renewable power system;

v) an internal combustion power generator.

Claim 121 (new): A power system which manages the loading of at least one A.C. power
sources which provides AC power with a controlled AC frequency, the power system

comprising:
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a) one or more non-utility type power source comprising at least an AC power
generating circuit which outputs sinusoidal single or multiple phase AC power which
may be controllably coupled to one or more of a plurality of loads, the AC power
having a plurality of parameters including at least a frequency, a voltage, sine wave
distortion and a current which may range from zero to a maximum amount depending

on the loading of the power source;

b) one or more contactor and/or transfer switch whereby the AC power may be
electrically paralleled with, or connected in place of or as a backup replacement for
the grid power and the power source controls the AC power such that;

i. the frequency of the AC power is responsive to the grid power frequency
when the AC power is provided in parallel with grid power so that
connected loads receive power from one or both of the power source and
grid; and

ii. when the AC power is not paralleled with the grid, its frequency is
responsive in a manner that the frequency represents the loading of the

power source;

c) a load manager circuit comprising one or more processor, which load manager circuit
may or may not be part of the power source, the load manager circuit responsive to
the frequency of the AC power to provide AC power to at least one of the one or
more of a plurality of loads when the power source is not overloaded and not provide

AC power when the power source is overloaded.

Claim 122 (new): The power system of claim 121 wherein in b) ii. the power source also controls

a second parameter of the AC power in response to power source loading.

Claim 123 (new): The power system of claim 121 wherein in b) ii. the AC power has a first

standard voltage when the power source is not overloaded and the power source further controls
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the voltage of the AC power to be a second voltage lower than the first voltage when the power
source is near to being overloaded and to be a third voltage lower than the second voltage when

the power source is overloaded.

Claim 124 (new): The power system of claim 121 wherein in c) the load manager circuit is
responsive to the AC power frequency and to at least a second parameter of the AC power to

provide or not provide AC power to the at least one of the one or more of a plurality of loads.

Claim 125 (new): The power system of claim 121 wherein in c¢) the load manager circuit is
responsive to the AC power frequency and to at least the voltage of the AC power to provide or

not provide AC power to the at least one of the one or more of a plurality of loads.

Claim 126 (new): The power system of claim 121 wherein in c¢) the load manager circuit is
responsive to the AC power frequency and to at least the sine distortion of the AC power to

provide or not provide AC power to the at least one of the one or more of a plurality of loads.

21

34



UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

www.uspto.gov

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. CONFIRMATION NO.
16/952,007 11/18/2020 J. Carl Cooper JCC_5-12_Div_2020 3658
57131 7590 08/29/2023 | EXAMINER

J. CARL COOPER
900 Whites Creek Lane
Reno, NV 89511

INGE, JOSEPH N

| ART UNIT [ PpaperNUMBER
2836
| ~orwicationpate | DELIVERY MODE
08/29/2023 ELECTRONIC

Please find below and/or attached an Office communication concerning this application or proceeding.

The time period for reply, if any, is set in the attached communication.

Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the

following e-mail address(es):

CARL@PIXELINSTRUMENTS.TV
VIDEOENGR@SBCGLOBAL.NET

PTOL-90A (Rev. 04/07)

35



Application No. Applicant(s)

16/952,007 Cooper, J. Carl
Office Action Summary Examiner ArtUnit | AIA (FITF) Status
JOSEPH N INGE 2836 No

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address --
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 2 MONTHS FROM THE MAILING
DATE OF THIS COMMUNICATION.

- Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed after SIX (6) MONTHS from the mailing
date of this communication.

- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.

- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).
Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any earned patent term
adjustment. See 37 CFR 1.704(b).

Status
1) Responsive to communication(s) filed on §/15/2023.
OJ A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filedon .
2a)(] This action is FINAL. 2b) [J This action is non-final.

3)(OJ An election was made by the applicant in response to a restriction requirement set forth during the interview
on ; the restriction requirement and election have been incorporated into this action.

4) Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under £x parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims*
5) Claim(s) 1-71 is/are pending in the application.
5a) Of the above claim(s) 1-28 and 45-71 is/are withdrawn from consideration.

6) Claim(s) 29-44 is/are allowed.

7) O Claim(s) ____is/are rejected.

8) Claim(s) 29 is/are objected to.

9) O Claim(s) __ are subject to restriction and/or election requirement
* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway program at a
participating intellectual property office for the corresponding application. For more information, please see
http://www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov.

Application Papers
10)(J The specification is objected to by the Examiner.
11)@ The drawing(s) filed on 11/18/2020 is/are: a)l¥] accepted or b)(] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).

Priority under 35 U.S.C. § 119

12)(J Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:

a)d All b)O Some**  ¢)J None of the:
1.0 Certified copies of the priority documents have been received.
2.7 Certified copies of the priority documents have been received in Application No.

3.0 Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).

** See the attached detailed Office action for a list of the certified copies not received.

Attachment(s)
1) Notice of References Cited (PTO-892) 3) [ Interview Summary (PTO-413)

Paper No(s)/Mail Date
4) [J Other: .

2) Information Disclosure Statement(s) (PTO/SB/08a and/or PTO/SB/08b)
Paper No(s)/Mail Date See Continuation Sheet

U.S. Patent and Trademark Office
PTOL-326 (Rev. 11-13) Office Action Summary Part of Paper No./Mail Date 20230815

36




Continuation Sheet (PTOL-326) Application No. 16/952,007

Continuation of Attachment(s) 2) Information Disclosure Statement(s) (PTO/SB/08a and/or PTO/SB/08b)
Paper No(s)/Mail Date: 11/18/2020, 12/18/2020, 8/31/2021

37



Application/Control Number: 16/952,007 Page 2
Art Unit: 2836

DETAILED ACTION
Notice of Pre-AlA or AlA Status

The present application is being examined under the pre-AlA first to invent provisions.

Election/Restrictions

Applicant's election with traverse of Invention VI (claims 29-44) in the reply filed on
5/15/2023 is acknowledged. The traversal is on the ground(s) that the Applicant does not agree
with the Examiner’s interpretations, and that while “the multiple claims 1-71 differ substantially
from each other” they cover “one embodiment of the invention which uses the output
frequency of the power... to prevent and/or alleviate an overload.”. This is not found
persuasive because, as discussed within the Restriction/Election requirement, the inventions
and their respective claims, are directed to separate and distinct structures, which although
may perform similar functionality, require and recite unique structure and modes of operation
to carry out each invention’s intended functionality. Stated another way, while the final results
of each invention may be similar, as well as the over-arching concept of overload
prevention/alleviation, the inventions are not capable of use together (for example, from
differing structures carrying out the desired functionality), have materially different design, etc.
For these reasons, inter alia, the Examiner believes the previous restriction requirement should
remain upheld, as the respective inventions are directed towards, and recite, mutually exclusive
characteristics related to the various embodiments of the application, in addition to being non-
obvious variants of each other, and generally (as pointed out by the Applicant) differing

“substantially from each other”.

38



Application/Control Number: 16/952,007 Page 3
Art Unit: 2836

The requirement is still deemed proper and is therefore made FINAL.

This application is in condition for allowance except for the presence of claims 1-28, and
45-71 directed to an invention non-elected with traverse in the reply filed on 5/15/2023.
Applicant is given TWO (2) MONTHS from the date of this letter to cancel the noted claims or
take other appropriate action (37 CFR 1.144). Failure to take action during this period will be
treated as authorization to cancel the noted claims by Examiner’s Amendment and pass the
case to issue. Extensions of time under 37 CFR 1.136(a) will not be permitted since this
application will be passed to issue.

The prosecution of this case is closed except for consideration of the above matter.

Claim Objections
Claim 29 is objected to because of the following informalities: claim 29 recites the
phrase, “and/or” which renders the claim indefinite for failing to particularly point out and
distinctly claim the subject matter which the inventor regards as the invention. For the sake of
expediting prosecution, the phrase will be interpreted as “or”. Appropriate correction is

required.

Allowable Subject Matter
Claims 29-44 are allowed.
To expedite the allowance of claims 29-44, the Applicant is reminded to address and fix

the claim objections, as well as cancel the non-elected claims.
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The following is an examiner’s statement of reasons for allowance:

Independent claim 29 is currently believed to be in condition for allowance. While the
prior art of record discloses similar power systems with subsequent load control in order to
prevent potential overloads, the prior art of record fails to appropriately teach or suggest, “a
non-utility type power source comprising an inverter... the power source having at least one
maximum output power parameter which if exceeded causes an overload of the power source,
the output A.C. power having an A.C. frequency, which frequency is controlled in response to
the timely amount of the output A.C. power; b) a power sensing circuit... is responsive to the
timely amount of the output A.C. power, the power source operating in response to the power
sensing circuit to control the frequency of the output A.C. power to have a first frequency when
the power source is not overloaded and a second frequency when the power source is
overloaded or is near to being overloaded; c) a processor circuit comprising one or more
processors responsive to the output A.C. power, the processor circuit operating in response to
the occurrence of the second frequency to control the amount of output A.C. power consumed
by at least one load of the one or more loads thereby helping to prevent or alleviate an
overload of the power source.”

For example, while prior art Lasseter et al. (U.S. Patent Publication Number
2004/0051387) discloses a non-utility type power source comprising an inverter, as well as a
power sensing circuit, and a processor circuit (see, for example, Fig. 3, voltage source PWM
inverter 450, voltage controller 330, power controller 340, etc., paragraphs 0055-0056, 0060,
0066, etc.), Lasseter fails to teach the power source operating in such a manner so as to control

the frequency of the output AC power to have a first frequency when the power source is not
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overloaded and a second frequency when the power source is overloaded or near to being
overloaded in addition to a processor circuit operating in response to the occurrence of the
second frequency to control the amount of AC output power consumed by at least one load.
Said limitations, when taken into consideration with the claim language in its entirety, appears
to be directed towards a non-obvious improvement over the prior art of record. For these
reasons, inter alia, the claims are currently believed to be in condition for allowance. Claim 29,

the sole remaining independent claim, is presented below.

Claim 29: A power system which provides A.C. power with a controlled A.C. frequency
to assist in managing the loading thereof, the power system comprising:

a) a non-utility type power source comprising an inverter which provides single or multiple
phase output A.C. power to one or more of a plurality of loads, the power source having at least
one maximum output power parameter which if exceeded causes an overload of the power
source, the output A.C. power having an A.C. frequency, which frequency is controlled in
response to the timely amount of the output A.C. power;

b) a power sensing circuit which may be part of the power source or otherwise and is
responsive to the timely amount of the output A.C. power, the power source operating in
response to the power sensing circuit to control the frequency of the output A.C. power to have
a first frequency when the power source is not overloaded and a second frequency when the
power source is overloaded or is near to being overloaded;

) a processor circuit comprising one or more processors responsive to the output A.C.

power, the processor circuit operating in response to the occurrence of the second frequency
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to control the amount of output A.C. power consumed by at least one load of the one or more

loads thereby helping to prevent or alleviate an overload of the power source.

Any comments considered necessary by applicant must be submitted no later than the
payment of the issue fee and, to avoid processing delays, should preferably accompany the
issue fee. Such submissions should be clearly labeled “Comments on Statement of Reasons for

Allowance.”

Conclusion

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to JOSEPH N INGE whose telephone number is (571)270-7705. The
examiner can normally be reached 9:00-5:00 EST.

Examiner interviews are available via telephone, in-person, and video conferencing
using a USPTO supplied web-based collaboration tool. To schedule an interview, applicant is
encouraged to use the USPTO Automated Interview Request (AIR) at
http://www.uspto.gov/interviewpractice.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Rexford Barnie can be reached on 571-272-7492. The fax phone number for the
organization where this application or proceeding is assigned is 571-273-8300.

Information regarding the status of published or unpublished applications may be
obtained from Patent Center. Unpublished application information in Patent Center is available

to registered users. To file and manage patent submissions in Patent Center, visit:
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https://patentcenter.uspto.gov. Visit https://www.uspto.gov/patents/apply/patent-center for
more information about Patent Center and https://www.uspto.gov/patents/docx for
information about filing in DOCX format. For additional questions, contact the Electronic
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a USPTO

Customer Service Representative, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

/JOSEPH N INGE/
Examiner, Art Unit 2836

/REXFORD N BARNIE/
Supervisory Patent Examiner, Art Unit 2836

43



Notice of References Cited

Application/Control No.

Applicant(s)/Patent Under

16/952,007 Reexamination
Cooper, J. Carl
Examiner Art Unit
JOSEPH N INGE 2836 Page 1 of 1

U.S. PATENT DOCUMENTS

* Countzog;jgg?ﬁ:r?bL;TEilewL Code MIVEI)- $$YY Name CPC Classification US Classification
* [ A | US-20040051387-A1 03-2004 Lasseter, Robert H. H02J3/472 307/80
* B | US-20080212343-A1 09-2008 Lasseter; Robert H. H02J3/381 363/39
* [ ¢ [ Us-20090216386-A1 08-2009 Wedel; Francis X. H02J9/06 700/295
* | D |US-7715950-B2 05-2010 Lasseter; Robert H. HO2P9/04 701/99
* E | US-7847434-B2 12-2010 Wakitani; Tsutomu H02J9/062 307/65
* F ] US-20120179929-A1 07-2012 CHEN; KAI-FU GO6F1/28 307/29
* [ ¢ |Us-20130270908-A1 10-2013 Wedel; Francis X. H02J13/00002 307/39

H

|

J

K

L

M

FOREIGN PATENT DOCUMENTS

* COUmg"g:ggi?:ﬁ’:‘;Tg:g Code Ml\?» ?}?{YY Country Name CPC Classification

N

0]

P

Q

R

S

T

NON-PATENT DOCUMENTS

* Include as applicable: Author, Title Date, Publisher, Edition or Volume, Pertinent Pages)

u

\

W

X

*A copy of this reference is not being furnished with this Office action. (See MPEP § 707.05(a).)
Dates in MM-YYYY format are publication dates. Classifications may be US or foreign.

U.S. Patent and Trademark Office
PTO-892 (Rev. 01-2001)

Notice of References Cited

44

Part of Paper No. 20230815




Applicant : J. Carl Cooper

Appl. No. : 16/952,007

Filed : 11/18/2020

Title : Power Source Load Control
Grp./A.U. : 2836

Examiner : Inge, Joseph N.

Docket No. JCC_5-12_Div_2020

Conf. No. : 3658

May 15, 2023

Honorable Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

RESPONSE TO 03/17/2023 RESTRICTION REQUIREMENT

Sir:

On 03/17/2023 the Examiner issued an Office communication noting that Applicant’s
previous reply of 12/07/2022 was not fully responsive to the previous restriction
requirement. Applicant incorporates that 12/07/2022 response herein by reference, and
respectfully points to the Examiner’s failure to provide the reasons which are set forth in
MPEP 808 “Every requirement to restrict has two aspects: (A) the reasons (as
distinguished from the mere statement of conclusion) why each invention as claimed is
either independent or distinct from the other(s); ...” Applicant respectfully submits that
much of the Examiner’s requirement to restrict is in fact “mere statement of conclusion”

i.e. conclusory. This is pointed out in detail in the previous reply.
Applicant also notes specifically the last sentence of Applicant’s previous reply of

12/07/2022 where claims 29-44 (Examiner’s asserted invention V1) were elected as

required by 37 CFR 1.143, and further notes that 37 C.F.R. 1.75 (b) states “More than
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one claim may be presented provided they differ substantially from each other and are not
unduly multiplied.” (Underlining added.) Applicant respectfully submits that the
Examiner has mischaracterized Applicant’s permitted multiple instant claims which are
required to “differ substantially from each other” as being claims to different inventions

which require restriction.

The Examiner states ... Applicant fails to identify the embodiment elected by number,

as well as a species elected along with the claims corresponding to the elected species.”
(Underlining added.) Applicant respectfully points out that the Examiner’s request is, at
the least, confusing in that as set forth at MPEP 806.04(e) “Species always refer to the
different embodiments of the invention.” And, “...a claim may encompass two or more
of the disclosed embodiments...” Further, “Species may be either independent or related
as disclosed.” Thus, a claim may encompass two or more different species, not just one as

the Examiner requires.

And, respectfully pointing again to MPEP 808 “Every requirement to restrict has two

aspects: (A) the reasons ... why each invention as claimed is either independent or

distinct from the other(s); and (B) the reasons why there would be a serious search and/or
examination burden on the examiner if restriction is not required, i.e., the reasons for

insisting upon restriction therebetween as set forth in the following sections.”

(Underlining added.) Thus, as set out in MPEP 808, the restriction is required to restrict
to one of “each [independent or distinct] invention as claimed.” There is no mention of
requiring additional selection of a single embodiment by number and a single elected

species.

Applicant further respectfully disagrees that, as set out in section 41, each Figure is a
patentably distinct species as the Examiner asserts, or that Applicant must select only one
Figure (or any Figure), or that each group of one independent and its dependent claims is
a separate invention. It is respectfully submitted that a simple inspection of the Figures
clearly demonstrates the Examiner’s errors: Figure 4 shows Load Control 25a and Figure

5 shows Load Control 25a. Clearly Figure 5 is showing details of Load Control 25a of
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Figure 4. Similarly Figure 6 shown details of elements 22, 16, 17 and 18 of Figure 5,

Figure 7 details of element 39 of Figure 6, and so on.

Further, the specification teaches at [Para 225] “The several simplifications and
operational related examples and exemplary descriptions used herein in conjunction with
the descriptions of the prior art and the teachings of the preferred embodiment of the
invention are not to be considered limiting of the inventive concepts which are herein
disclosed. Although this invention has been described in its preferred embodiment with a
certain degree of particularity, it is understood that the invention is not so limited and the
present disclosure of the preferred embodiment with its various benefits, features and
capabilities has been made by way of example and numerous changes in the details of
construction and the combination and arrangement of parts may be resorted to in order to
meet a particular level of performance, reliability and cost without departing from the
spirit and the scope of the invention as hereinafter claimed.” It is respectfully submitted
that the Examiner’s assertion that each Figure shows a patently distinct species is
misplaced. It is also inconsistent with the Examiner’s assertion at section 41 “Currently,

claims 1, 5, 11, 18, 23, 29, 45, 61, and 66 are generic.”

Applicant will further respectfully demonstrate the Examiner’s errors and inconsistencies
by relating the elected claims (29-44) to the Figures. Applicant will here refer to
independent claim 29 (which the Examiner labels as generic), using Applicant’s
oversimplified descriptions solely for purpose of identification and reference, and not as
any form of claim interpretation. The claim language as interpreted by the person of
ordinary skill in the art in view of the teachings of the application is the proper

interpretation. Claim 29 is reproduced below for convenience.

Claim 29: A power system which provides A.C. power with a controlled A.C. frequency
to assist in managing the loading thereof, the power system comprising:

a) anon-utility type power source comprising an inverter which provides single or
multiple phase output A.C. power to one or more of a plurality of loads, the

power source having at least one maximum output power parameter which if
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exceeded causes an overload of the power source, the output A.C. power having
an A.C. frequency, which frequency is controlled in response to the timely
amount of the output A.C. power;

b) a power sensing circuit which may be part of the power source or otherwise and
is responsive to the timely amount of the output A.C. power, the power source
operating in response to the power sensing circuit to control the frequency of
the output A.C. power to have a first frequency when the power source is not
overloaded and a second frequency when the power source is overloaded and/or
is near to being overloaded;

¢) a processor circuit comprising one or more processors responsive to the output
A.C. power, the processor circuit operating in response to the occurrence of the
second frequency to control the amount of output A.C. power consumed by at
least one load of the one or more loads thereby helping to prevent or alleviate an

overload of the power source.

Claim 29 describes a power system and comprises three elements: a), b) and c¢). Using
the oversimplified descriptions for claim 29 they are; a) a power source (a non-utility
type power source comprising an inverter), b) a power sense (responsive to the timely
amount of the output A.C. power) and ¢) a load control (to control the amount of output

A.C. power consumed by at least one load).

The disclosed preferred embodiment is shown in Figures 4, 8, 10, 12 with Figures 5, 6, 7,
9,11, 13, 14, 15, 17 and 18 showing some details of some elements in Figures 4, 8, 10
and 12. Some, but not all, examples of the elements a), b), ¢) of Claim 29 include:
element a) power source corresponds to the Figs. elements 13, 50 and 67; Claim 29
element b) power sense corresponds to the Figs. elements 23, 24, 49 and 25; Claim 29
element c¢) load control corresponds to the Figs. elements 22, 25, 43, 80, 88 and 89.
Thus, using Applicant’s oversimplified description, independent claim 29 and dependent
claims 30-44 recite a) power source, b) power sense and c) load control elements. It
will be recognized that independent claims 1, 23, 29, 45 and 61, as well as the claims

dependent therefrom all have these power source, power sense and load control
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elements which are consistently arranged as a), b) and c). Thus, it will be recognized that
all of these claims 1-4 and 23-71are connected by each of design, operation and effect

under the disclosure and are related, both under the disclosure and as claimed.

Additionally, as shown below claims 5-22 comprise elements of a load control (e.g.
element ¢) in the power system claims 1-4 and 23-71) the load control comprising a load
switch and load control elements. Thus, all claims are connected by design, operation and

effect under the disclosure and are related, both under the disclosure and as claimed.

Claims 5-10 load control element b) load switch corresponds to the Figs. elements 22.

Figs. elements c), d) and e) load control correspond to the Figs. load control circuit 25.

Claims 11-17 load control element a) load switch corresponds to Figs. elements 22,

elements b)-e) load control correspond to Figs. element 25.

Claim 18-22 load control element a) load switch corresponds to Figs. element 22,

element b) and c) load control correspond to the Figs. element 25.

As a rather simplistic description (not intended to be a construction of the claims, the

claims are controlling) it is seen in the above discussion, claimed embodiments of the
invention are all designed, operate and have the effect of preventing and/or alleviating
overloading of a power source. Controlled frequency of the output AC power conveys
information about loading of the power source to facilitate control of the power

consumed by one or more loads. See e.g. [Para 136].

As mentioned above, and respectfully set out in detail in Applicant’s previous reply of
12/07/2022 incorporated herein, the Examiner has failed to provide a complete and
proper restriction requirement and has only provided conclusory arguments. This makes
it very difficult for Applicant to understand the Examiner’s reasoning behind the

restriction.
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In section 2 of the 10/26/22 Office communication the Examiner requires that the claims

be restricted to one of 9 inventions, as required under 35 U.S.C. 121. Starting at section 2

of the 10/26/2022 Office communication, the Examiner groups the instant 71 claims into
those 9 inventions, but fails to provide anything more than conclusory statements to
support those groups. Applicant does not agree that there are 9 distinct inventions as the
Examiner asserts and groups as I — IX. To the contrary, as set out above, Applicant
believes those claims contain elements which are drawn to the same elements as the
claims of group VI and therefore are related embodiments of one invention which can be

claimed in the instant application.

And, at section 41 of the 10/26/22 Office communication, the Examiner again states that
an election of a single disclosed species, and a single grouping of patentably indistinct
species be made. The Examiner at section 41 makes the conclusory statement “This
application contains claims directed to the following patentably distinct species: the
species of Fig. 4, the species of Fig. 5, the species of Fig. 8, the species of Fig. 9, the
species of Fig. 10, the species of Fig. 11, the species of Fig. 12, the species of Fig. 13,
the species of Fig. 14, the species of Fig. 15, the species of Fig. 16, the species of Fig.
17, the species of Fig. 18.”

Applicant does not agree that each Figure is a separate species. Given the inconsistencies
and omissions of the 10/26/2022 Office communication, Applicant traversed the
Restriction Requirement, including inter alia pointing out that the Election/Restriction
Requirements given in the 10/26/2022 Office communication are incomplete in that the
Office communication is missing several required sections and thus Applicant does not
have the information needed to properly respond to and traverse the election requirement.
Nevertheless, Applicant elected claims elect claims 29-44 as required by 37 CFR 1.143.
However, Applicant there, and yet again here, respectfully requests Clarification if the

restriction requirement is maintained.

Starting at the bottom of page 3 of the 10/26/2022 communication, paragraphs 3-39 are
conclusory, merely reproducing MPEP form paragraph 8.14.01 which includes “In the
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instant case, the inventions as claimed [4]. Furthermore, the inventions as claimed do not
encompass overlapping subject matter and there is nothing of record to show them to be
obvious variants.” The [4] is where the Examiner is instructed to give explanations but
this is either overlooked or ignored by the Examiner. Note [4] therein instructs the
Examiner to fill in the above sentence: “In bracket 4, explain why the inventions as
claimed are either not capable of use together or can have a materially different design,
mode of operation, function, or effect.” (Underlining added.) Rather than explain why,
the Examiner merely repeats “In the instant case, the inventions as claimed have a
materially different design, mode of operation, function, and effect. Furthermore, the
inventions as claimed do not encompass overlapping subject matter and there is nothing
of record to show them to be obvious variants.” The statement is conclusory with no

explanation whatsoever given by the Examiner in any of the paragraphs 4-39.

With regard to overlapping subject matter, a quick inspection of the independent claims
of the Examiner’s different invention groups shows that many do indeed overlap. As
shown above, many of the independent claims have the same elements, power source,

power sense and load control.

And as just one of many other examples, Claim 1 recites an electric power source with
load related output power frequency control, the power source, element a) including “a
power source which provides output A.C. power having a controlled, known frequency
...” and in element c) “a processor circuit ... operating to control the frequency of the
output A.C. power to be a known standard first frequency when the output A.C. power is
less than the maximum output power parameter and a known second frequency when the
power source is overloaded.” Claim 5 recites a load coupler device operating to control
the connection of one or more loads to a power source to relieve an overload of the power
source with element e) including “the processor circuit operating to timely sense one or
more parameters, including the frequency, of the A.C. power and executing a program
whereby in response to the frequency of the A.C. power, the processor, operating via the

control connection, performs a load shed by causing the load switch to open.”
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Thus claim 1 calls for controlling the frequency when the power source is overloaded and
claim 5 calls for responding to the frequency to perform a load shed. The two claims
clearly encompass overlapping subject matter including, but not limited to, the controlled
frequency used to prevent overloading the power source. Thus, as seen in at least Figs. 4,
8, 10, 11 and 12 there are power sources which may provide AC power having a
controlled frequency as in claim 1. And there are loads and load controls responsive to
power frequency to sense an actual and/or potential overload and reduce loading. These

loads and/or load controls are shown in at least Figs. 4-6 and 8-18.

Respectfully, under protest based on incomplete information provided as set out above,
and not agreeing with the Examiner’s interpretations and groupings of claims, inventions
and Figures, and preserving Applicant’s right to petition and any further action which
might be desirable and/or necessary, as required by the Examiner, Applicant elects VI.
Claims 29-44. Applicant however believes that the multiple claims 1-71 differ
substantially from each other but cover one embodiment of the invention which uses the
output frequency of the power from the power source to prevent and/or alleviate an

overload.

Respectfully Submitted,
/ J. Carl Cooper/

J. Carl Cooper

Reg. 34,568

videoengr @sbcglobal.net
(775) 831-6123
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Notice of Pre-AlA or AlA Status

1. The present application is being examined under the pre-AlIA first to invent provisions.

Election/Restrictions
2. The reply filed on 12/7/2022 is not fully responsive to the prior Office action because of
the following omission(s) or matter(s): the Applicant fails to identify the embodiment elected
by number, as well as a species elected along with the claims corresponding to the elected
species. See 37 CFR 1.111. Since the above-mentioned reply appears to be bona fide, applicant
is given a shortened statutory period of TWO (2) MONTHS from the mailing date of this notice
within which to supply the omission or correction in order to avoid abandonment. EXTENSIONS
OF THIS TIME PERIOD MAY BE GRANTED UNDER 37 CFR 1.136(a), but in no case can any
extension carry the date for reply to this letter beyond the maximum period of SIX MONTHS set

by statute (35 U.S.C. 133).

Conclusion
3. Any inquiry concerning this communication or earlier communications from the
examiner should be directed to JOSEPH N INGE whose telephone number is (571)270-7705. The
examiner can normally be reached 9:00-5:00 EST.
Examiner interviews are available via telephone, in-person, and video conferencing
using a USPTO supplied web-based collaboration tool. To schedule an interview, applicant is
encouraged to use the USPTO Automated Interview Request (AIR) at

http://www.uspto.gov/interviewpractice.
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If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Rexford Barnie can be reached on 571-272-7492. The fax phone number for the
organization where this application or proceeding is assigned is 571-273-8300.

Information regarding the status of published or unpublished applications may be
obtained from Patent Center. Unpublished application information in Patent Center is available
to registered users. To file and manage patent submissions in Patent Center, visit:
https://patentcenter.uspto.gov. Visit https://www.uspto.gov/patents/apply/patent-center for
more information about Patent Center and https://www.uspto.gov/patents/docx for
information about filing in DOCX format. For additional questions, contact the Electronic
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a USPTO

Customer Service Representative, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

/JOSEPH N INGE/
Examiner, Art Unit 2836

/REXFORD N BARNIE/
Supervisory Patent Examiner, Art Unit 2836
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Applicant : J. Carl Cooper

Appl. No. : 16/952,007

Filed : 11/18/2020

Title : Power Source Load Control
Grp./A.U. : 2836

Examiner : Inge, Joseph N.

Docket No. JCC_5-12_Div_2020

Conf. No. : 3658

December 07, 2022

Honorable Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

RESPONSE TO RESTRICTION REQUIREMENT

Sir:

On 10/26/2022 the Examiner issued an Office communication with a restriction
requirement, at section 2 starting on page 2. The Examiner requires that the claims be
restricted to one of 9 inventions, as required under 35 U.S.C. 121. Each of the 9
inventions is grouped as one independent claim and the corresponding dependent claims
(pages 2-3). At section 3 the 9 inventions are asserted to be independent or distinct,
referencing MPEP § 806.05(j), at sections 3-39 (pages 3-18). It is respectfully noted that
this is a misstatement, the inventions must be independent and distinct for a proper
restriction requirement. Additionally, Applicant submits that the Examiner’s restriction
requirement is incomplete and is missing several required sections in which the Examiner
is required to explain the reasoning behind the Examiner’s requirement. The missing
sections are discussed further below. Without these explanations Applicant is unable to
fully understand the Examiner’s perceived need for restriction. Applicant respectfully

disagrees that the instant claimed inventions identified by the Examiner are independent
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or distinct, traverses the restriction and specifically points to what Applicant believes are
errors and omissions in the restriction requirement as set forth in more detail in the

response below.

RESPONSE

In presenting this response Applicant points to the specification (including
drawings) and claim elements and features, including, but not limited to, elements and
features of the claims by which the claimed inventions are related. Because some of those
use somewhat different language in the different claims, Applicant uses generalized
language to draw attention to elements and features which, for example, are common to
and/or related in the claims.

As just one of many examples, in claim 1 the wording “A.C. power having a
controlled, known frequency” is used and in claim 23 the wording “control the frequency
of the output A.C. power” is used. Each claim further recites details about the control.
The claim language is somewhat different, however the frequency of the AC power is
controlled in both claims such that it conveys information. The generalized language such
as for example “A.C. power which has a frequency conveying information” is used in
portions of Applicant’s response below without going into the specific detail of the
wording, claiming the particulars of the control of the frequency, whether it be the
frequency of A.C. power or output A.C. power. The point being made is in regard to
frequency, not the particular A.C. power which has that frequency parameter.
Applicant’s general language pointing to these features is intended solely to aid in
understanding Applicant’s argument.

In using this generalized language Applicant does not, and does not intend to,
make or provide any sort of disavowal, limitation or broadening of scope, definition,
explanation of terms, claim construction, or the like. In respect to the instant examination
of the application, the specification including the drawings as well as the claims are to be
interpreted and examined as set out in the MPEP, including MPEP § 2111.

As set out in more detail below in respect to MPEP Chapter 800, including
802.01, restriction is only proper if the inventions are independent and distinct.

Additionally, in respect to distinctness as set out at MPEP § 806.05(j) pointed to by the
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Examiner, “The burden is on the examiner to provide an example to support the

determination that the inventions are distinct, ... If Applicant either proves or provides

convincing evidence that the example suggested by the examiner is not workable, the

burden is on the examiner to suggest another viable example or withdraw the restriction

requirement.” Underlining added. If the Examiner’s reference to Applicant’s
specification paragraphs It is further noted that this example pertains to support “that the
inventions are distinct” and again, restriction is only proper if the inventions are both
independent and distinct.

It is further respectfully submitted that the Examiner has failed to provide a
complete and proper restriction requirement. The Examiner merely reproduces the
suggested wording of MPEP § 806.05(j) which paraphrases the 37 C.F.R. 1.142
requirement for restriction and only speaks to distinctness (i.e. “The related inventions
are distinct if: ...”). The Examiner follows with a conclusory statement “In the instant
case, the inventions as claimed have a materially different design, mode of operation,
function, and effect.” The Examiner does not explain any of what, why, where and/or
how each of the materially different design, and mode of operation and function and
effect pointed to by the Examiner are present in the claims. If any are missing, the
condition to support restriction is not met.

It is quickly noted here that several of the claimed inventions are easily seen as
related. In just one of many examples, claims 1-4 which claim “a power source which
provides output A.C. power having a controlled, known frequency” can be combined
with the load coupler of claims 5-10 such that the “output A.C. power” of claims 1-4 is
the “line connected A.C. power” of claims 5-10. The result is the load coupler of claims
5-10 may relieve an overload of the power source of claims 1-4. Many other such
combinations of claimed inventions are readily apparent to the person of ordinary skill.

Stated another way, the Examiner does not explain how the Examiner believes the
claimed inventions (1) are either not capable of use together or can have a materially
different design, mode of operation, function, or effect; and (2) do not overlap in scope,
i.e., are mutually exclusive; and (3) the inventions as claimed are not obvious variants as

required for restriction of any pairs (or more) of the claims. Applicant believes that at a
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minimum, the Examiner should be able to explain how the above described combination
of claims 1-4 used with claims 5-10 is faulty or otherwise will not work.

Applicant respectfully submits that the Examiner has not met the “burden [which]
is on the examiner to provide an example to support the determination that the inventions
are distinct, ...” for any pairs of the 9 independent inventions the Examiner asserts are
present with only mere conclusory statements. Applicant must guess as to how the
Examiner believes the inventions are independent and distinct in order to attempt to
prove or provide convincing evidence that the restriction should not be required.

In the event the restriction requirement is maintained for any claims, Applicant
respectfully requests, as set out in MPEP § 707.07(f), that the example(s) required by
MPEP § 806.05(j) be provided for each of the pairs (or more) of 9 asserted inventions
which the Examiner believes are independent and distinct.

Additionally, at section 41 on page 20 of the Office communication the Examiner
also asserts a corresponding Figure for each of 9 patentably distinct species stating “The
species are independent or distinct because the claims to different species recite the
mutually exclusive characteristics of such species (see, for example, paragraphs 0037-
0051, etc. of the Applicant's specification which disclose the differences between the
respective species).” However, the Examiner does not say what these mutually exclusive
characteristics are. This section 41 appears to assume that each of the claims is written to
cover only one Figure. Further, paragraphs 0037-0051, etc. do not recite the supposed
different species, rather they merely briefly describe the Figures, their relationships and
the elements thereof. As just one of many examples of the failure of this supposed
support, paragraph 0037 points to Fig. 4 which includes load control 25a. Paragraph 0038
points to Fig. 5 which “shows a circuit diagram of load control 25a ...” How can these
two paragraphs be said to support the Examiner’s position that Figures 4 and 5 are
independent or distinct species, let alone mutually exclusive characteristics thereof when
load control 25a is present in both Figures, with Figure 5 simply being a detailed circuit
diagram of load control 25a shown in Figure 4? And, it is again pointed out that MPEP
806.05(j) states “The burden is on the examiner to provide an example to support the
determination that the inventions are distinct ...” Simply referring to paragraphs 0037-

0051, etc. falls far short of fulfilling that burden. Clarification is respectfully requested in

64



Appl. No. 16/952,007 Response to Restriction Requirement

that many different elements of many claims are shown in multiple Figures, or not
explicitly shown or numbered but are present in one or more Figure.

Restriction is discussed in Chapter 800 of the MPEP. 35 U.S.C. 121 states that the
Director may require restriction if two or more "independent and distinct” inventions are
claimed in one application. MPEP § 802.01, underlining added.

At MPEP § 802.01 I. INDEPENDENT:

The term "independent” (i.e., unrelated) means that there is no disclosed
relationship between the two or more inventions claimed, that is, they are
unconnected in design, operation, and effect.

Here, if there is a disclosed relationship between the claimed inventions they are not
independent. The two inventions must be unconnected in all three of design, operation
and effect to be considered independent (i.e. unrelated). How can the above pointed to
relationship between Figures 4 and 5, Fig. 4 showing 25a and Fig. 5 showing a circuit
diagram of 25a, support the assertion that these are independent and distinct species, each
with related claims for which restriction can be properly required? Clarification is
respectfully requested.

At MPEP § 802.01 II. RELATED BUT DISTINCT:

Two or more inventions are related (i.e., not independent) if they are disclosed as
connected in at least one of design (e.g., structure or method of manufacture),
operation (e.g., function or method of use), or effect. Examples of related
inventions include combination and part (subcombination) thereof, process and
apparatus for its practice, process and product made, etc. In this definition the
term related is used as an alternative for dependent in referring to inventions other
than independent inventions.

Here any one of the connections between two or more (claimed) inventions, those
connections being at least one of design, operation, or effect, will mean that the
inventions are related (i.e. not independent). Applicant mentions here just one example of
many, that all of the 71 instant claims are related by the wording AC power (and similar
wording) and the use of its frequency to convey information. Every single one of the
instant claims use frequency of the AC power wording in conjunction with conveying

loading (or overloading) information.
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This use of frequency to convey loading information may be demonstrated by
contrast with prior art AC power which is maintained at a standard frequency (e.g. such
as 60 Hz in North America). There is no loading information being conveyed by the
frequency. As a simple example consider a service entrance circuit breaker in a lower 48
states utility grid powered house. The frequency of the A. C. power remains the same
standard 60 Hz and is not affected by or responsive to the load connections in the house.
This loading may increase until it creates an overload and the circuit breaker trips. The
AC power frequency remains the same throughout the overload. In Applicant’s claimed
invention the AC power frequency conveys information which may be used to prevent or
relieve an overload.

Various ones of the instant claims recite an apparatus for causing the AC power
frequency to convey loading information and/or apparatus responsive to the AC power
frequency to prevent and/or relieve an overload. Applicant respectfully submits that the
instant claims in fact explicitly recite related inventions and thus the restriction
requirement is improper.

It is also noted that the above MPEP § 802.01 I & 1I definitions do not make any
mention or suggestion that all of the claims must be related in the same exact manner. As
just some of many examples, one claim or set, of related claims might specify the
structure and arrangement of elements which cause AC frequency to convey loading or
other information related to an overload. One claim or set of related claims, might specify
the structure and arrangement of elements which is responsive to AC frequency which
conveys loading information to prevents an overload. Another claim or set, of related
claims might specify the structure and arrangement of elements, which is responsive to
AC frequency to alleviate an overload. One claim or set of related claims may specify the
structure and arrangement of elements which incorporate one or more of causing AC
frequency to convey information, prevent overload and/or alleviate overload.

Applicant next points to section 41 of the Office communication at the bottom of
page 20. The Examiner states that each of the independent claims is generic. Applicant
questions here if the Examiner is merely pointing out independent and dependent claims
where each dependent claim contains all of the elements of the independent claim(s) from

which it depends. In any event, the presence of a generic claim is only one of 4 general
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principals set forth in MPEP 806 Determination of Distinctness or Independence of
Claimed Inventions [R-08.2012]:

The general principles relating to distinctness or independence may be
summarized as follows:

(A) Where inventions are independent (i.e., no disclosed relation
therebetween), restriction to one thereof is ordinarily proper, MPEP §
806.06.

(B) Where inventions are related as disclosed but are distinct as claimed,
restriction may be proper.

(C) Where inventions are related as disclosed but are not distinct as claimed,
restriction is never proper.

(D) A reasonable number of species may be claimed when there is an allowable
claim generic thereto. 37 CFR 1.141, MPEP § 806.04.

Principles (A), (B) and (C) make no mention of a generic claim. In the instant claims of
the application principal (C) applies, the inventions are related as disclosed and are not
distinct as claimed. Restriction is never proper.

Asserting that there are patentably distinct species, in the Office communication
section 41 at the bottom of page 20 the Examiner points to “distinct species” to which
claims are directed and to a corresponding Figure. As set out above, Applicant disagrees
and further points out that none of the claims is written to verbally recite all of what is
shown in only one Figure, or to only recite elements which are all present in that figure.
Many claims include elements from a plurality of Figures and elements which are present
but not explicitly shown or numbered in any Figure (as one example, parameters which
are stored in load control 25). Perhaps the claimed AC power frequency which is present
but not explicitly labeled or shown in the Figures in the claims has been overlooked by
the Examiner. There is however a frequency measurement 90 in Figure 18.

In any event, the Examiner goes on to state “The species are independent or
distinct because the claims to different species recite the mutually exclusive
characteristics of such species (see, for example, paragraphs 0037-0051, etc. of the
Applicant's specification which disclose the differences between the respective species).”
Applicant respectfully submits that this statement, which is based on the above assertion
of unrelated inventions, and seems to imply that the claims are directed to individual

Figures, is misstated and merely conclusory.
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MPEP 808.01 Reasons for Holding of Independence or Distinctness states
(underlining added):

The particular reasons relied on by the examiner for holding that the
inventions as claimed are either independent or distinct should be concisely
stated. A mere statement of conclusion is inadequate. The reasons upon which the
conclusion is based should be given.

For example, relative to a combination and a subcombination thereof, the

examiner should point out the reasons why he or she considers the
subcombination to have utility by itself or in other combinations, and why he or

she considers that the combination as claimed does not require the particulars of
the subcombination as claimed.

Each relationship of claimed inventions should be similarly treated and the
reasons for the conclusions of distinctness or independence set forth. Form

paragraphs 8.01, 8.02, and 8.14 - 8.20.02 may be used as appropriate to explain
why the inventions as claimed are independent or distinct. See MPEP § 806.05 -
§ 806.06.

MPEP 808.01(a) recites in part (underlining added):

Where there is a relationship disclosed between species, such disclosed relation

must be discussed and reasons advanced leading to the conclusion that the

disclosed relation does not prevent restriction, in order to establish the propriety

of restriction.

Applicant respectfully submits that the Examiner has failed to provide the particular
reasons and discussions, the reasons advanced leading to the conclusions for each of the
plurality (or more) of claims (or species) such as those in sections 2-39 of the Office
communication.

As another example, MPEP 806.05(d) states in part (underlining added): “Two or
more claimed subcombinations, disclosed as usable together in a single combination, and
which can be shown to be separately usable, are usually restrictable when the

subcombinations do not overlap in scope and are not obvious variants.” As set forth

above the combination of claims 1-4 with claims 5-10 overlap in scope, that is, they have
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the same AC power having variable frequency which conveys loading information, and is
required by both sets of claims.

It is pointed out that for each pair of the Examiner’s identified inventions I
through IX discussed in Office communication sections 4-39 the Examiner recognizes
that one of the considerations for restriction is “(2) the inventions do not overlap in scope,
i.e., are mutually exclusive;” and points to MPEP § 806.05(j). The Examiner makes the
conclusory statements “In the instant case, the inventions as claimed have a materially
different design, mode of operation, function, and effect. Furthermore, the inventions as
claimed do not encompass overlapping subject matter and there is nothing of record to
show them to be obvious variants.”

Applicant respectfully submits that for each of these sections 4-39 the Examiner
has failed to consider and provide “The particular reasons relied on by the Examiner for
holding that the inventions as claimed are either independent or distinct should be
concisely stated. A mere statement of conclusion is inadequate. The reasons upon which
the conclusion is based should be given.” Applicant respectfully submits that, rather than
providing “the particular reasons relied on by the examiner ...” the Examiner has instead,
only given “A mere statement of conclusion [which] is inadequate.” as warned against in
MPEP 808.01 discussed above.

In the event the restriction requirement is maintained for any claims, Applicant
respectfully requests, as set out in MPEP § 707.07(f), the “... examiner must provide
clear explanations of all actions taken ...” and “... the examiner should, if he or she
repeats the rejection, take note of the applicant’s argument and answer the substance of
it.” Further, Applicant requests the “mere statement[s] of conclusion ...” be withdrawn
and the reasons and discussion required by MPEP § 808.01 and 808.01(a) set forth and
discussed above be provided for each of the pairs (or more) of 9 asserted inventions
which the Examiner believes are independent and distinct and subject to restriction.

At the Office communication section 40 the Examiner points to the restriction
being proper and there being a serious search and/or examination burden because of
several reasons I — V but does not provide any details. The reasons I — IV appear to be
taken from MPEP form paragraph § 8.21 which is part of the MPEP § 817 Outline Of

Restriction Requirement, however reason V is not part of that group. In any event,
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Applicant points out that at MPEP § 817 (A) the outline includes items (1) — (4).
Applicant respectfully points out that items “(3) Give short description of total extent of
the subject matter claimed in each group, pointing out critical claims of different scope
and identifying whether the claims are directed to a combination, subcombination,
process, apparatus, or product.” and “(4) Classify each group” have not been complied
with.

In the event the restriction requirement is maintained for any claims, Applicant
respectfully requests, as set out in MPEP § 817 (A), that the above “(3) Give short
description of total extent of the subject matter claimed in each group, pointing out
critical claims of different scope and identifying whether the claims are directed to a
combination, subcombination, process, apparatus, or product.” and “(4) Classify each
group” be provided for any of those claim groups for which restriction requirement
remains and further that some indication or suggestion of the issues pointed to in the

Office communication reason V. of section 40 be provided for those claims.

SUMMARY
Applicant respectfully submits that the Election/Restriction Requirements

given in the 10/26/2022 Office communication are incomplete in that the communication
is missing several required sections (set out above) and thus Applicant does not here have
the information needed to properly respond to and traverse the election requirement.
Applicant thus should not be required to make an election without having the full amount
of required information as to the Examiner’s requirement. However, under protest based
on incomplete information provided as set out above, and preserving Applicant’s right to
petition and any further action which might be necessary, elect claims 29-44 as required
by (37 CFR 1.143).

Respectfully Submitted,

/J. Carl Cooper/

J. Carl Cooper

Reg. 34,568

(775) 831-6123

-10 -
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DETAILED ACTION
Notice of Pre-AlA or AlA Status

1. The present application is being examined under the pre-AlA first to invent provisions.

Election/Restrictions
2. Restriction to one of the following inventions is required under 35 U.S.C. 121:

I. Claims 1-4, drawn to a generic power source for providing AC power further
comprising a “timebase circuit” and a processor circuit to control the frequency of the output
AC power.

Il. Claims 5-10, drawn to a load coupler configured to control a connection of one or
more loads to a power source, comprising an enclosure including a load switch and a load
control circuit, and a processor for controlling the load switch.

lll. Claims 11-17, drawn to a load control device comprising a contactor having a control
connection, a line connection rated to connect AC power from a power source, and a load
connection rated to connect a corresponding load, and a processor circuit comprising a
“timebase circuit,” wherein the processor circuit is configured so as to operate in response to a
frequency drop of a known amount for a known amount of time.

IV. Claims 18-22, drawn to a load module device operating to control the coupling of a
load to an electric power source, the load module comprising a load switch or “load limit,”
comprising a plurality of power connections for AC power, and a processor circuit for operating

in response to a “timebase circuit”.
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V. Claims 23-28, drawn to a power source electrically connected to a utility power grid,
comprising a processor circuit to synchronize the power grid frequency as well as connect or
disconnect the power grid from the output AC power.

VI. Claims 29-44, drawn to a power system comprising a processor circuit configured to
operate in response to the occurrence of a second frequency (indicative of the power source
being overloaded or near overload).

VII. Claims 45-60, drawn to a power system comprising a processor circuit configured to
control the amount of output AC power consumed by at least one load to prevent or reduce an
overload of the power source (i.e. not limited to being in response to the occurrence of a
second frequency).

VIII. Claims 61-65, drawn to a power system comprising an inverter power source which
receives DC power from one or more rechargeable batteries, and a load control circuit
comprising one or more processors configured to control the amount of output AC power
consumed by at least one load to prevent or reduce an overload of the inverter power source.

IX. Claims 66-71, drawn to a load shed module comprising a contactor having a plurality
of contacts, electrically connected in series between an AC power source and a load, and a
processor circuit comprising one or more processors operable to open and close the plurality of
contacts of the contactor to connect the load to and disconnect the load rom the AC power

source in response to a frequency monitoring circuit.

3. The inventions are independent or distinct, each from the other because:
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4. Inventions | and Il are directed to related products. The related inventions are distinct if: (1) the
inventions as claimed are either not capable of use together or can have a materially different
design, mode of operation, function, or effect; (2) the inventions do not overlap in scope, i.e.,
are mutually exclusive; and (3) the inventions as claimed are not obvious variants. See MPEP §
806.05(j). In the instant case, the inventions as claimed have a materially different design,

mode of operation, function, and effect. Furthermore, the inventions as claimed do not
encompass overlapping subject matter and there is nothing of record to show them to be

obvious variants.

5. Inventions | and Il are directed to related products. The related inventions are distinct
if: (1) the inventions as claimed are either not capable of use together or can have a materially
different design, mode of operation, function, or effect; (2) the inventions do not overlap in
scope, i.e., are mutually exclusive; and (3) the inventions as claimed are not obvious variants.
See MPEP § 806.05(j). In the instant case, the inventions as claimed have a materially different
design, mode of operation, function, and effect. Furthermore, the inventions as claimed do not
encompass overlapping subject matter and there is nothing of record to show them to be

obvious variants.

6. Inventions | and IV are directed to related products. The related inventions are distinct
if: (1) the inventions as claimed are either not capable of use together or can have a materially
different design, mode of operation, function, or effect; (2) the inventions do not overlap in

scope, i.e., are mutually exclusive; and (3) the inventions as claimed are not obvious variants.
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See MPEP § 806.05(j). In the instant case, the inventions as claimed have a materially different
design, mode of operation, function, and effect. Furthermore, the inventions as claimed do not
encompass overlapping subject matter and there is nothing of record to show them to be

obvious variants.

7. Inventions | and V are directed to related products. The related inventions are distinct
if: (1) the inventions as claimed are either not capable of use together or can have a materially
different design, mode of operation, function, or effect; (2) the inventions do not overlap in
scope, i.e., are mutually exclusive; and (3) the inventions as claimed are not obvious variants.
See MPEP § 806.05(j). In the instant case, the inventions as claimed have a materially different
design, mode of operation, function, and effect. Furthermore, the inventions as claimed do not
encompass overlapping subject matter and there is nothing of record to show them to be

obvious variants.

8. Inventions | and VI are directed to related products. The related inventions are distinct
if: (1) the inventions as claimed are either not capable of use together or can have a materially
different design, mode of operation, function, or effect; (2) the inventions do not overlap in
scope, i.e., are mutually exclusive; and (3) the inventions as claimed are not obvious variants.
See MPEP § 806.05(j). In the instant case, the inventions as claimed have a materially different
design, mode of operation, function, and effect. Furthermore, the inventions as claimed do not

encompass overlapping subject matter and there is nothing of record to show them to be
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obvious variants.

9. Inventions | and VIl are directed to related products. The related inventions are distinct
if: (1) the inventions as claimed are either not capable of use together or can have a materially
different design, mode of operation, function, or effect; (2) the inventions do not overlap in
scope, i.e., are mutually exclusive; and (3) the inventions as claimed are not obvious variants.
See MPEP § 806.05(j). In the instant case, the inventions as claimed have a materially different
design, mode of operation, function, and effect. Furthermore, the inventions as claimed do not
encompass overlapping subject matter and there is nothing of record to show them to be

obvious variants.

10. Inventions | and VIl are directed to related products. The related inventions are distinct
if: (1) the inventions as claimed are either not capable of use together or can have a materially
different design, mode of operation, function, or effect; (2) the inventions do not overlap in
scope, i.e., are mutually exclusive; and (3) the inventions as claimed are not obvious variants.
See MPEP § 806.05(j). In the instant case, the inventions as claimed have a materially different
design, mode of operation, function, and effect. Furthermore, the inventions as claimed do not
encompass overlapping subject matter and there is nothing of record to show them to be

obvious variants.

11. Inventions | and IX are directed to related products. The related inventions are distinct

if: (1) the inventions as claimed are either not capable of use together or can have a materially
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different design, mode of operation, function, or effect; (2) the inventions do not overlap in
scope, i.e., are mutually exclusive; and (3) the inventions as claimed are not obvious variants.
See MPEP § 806.05(j). In the instant case, the inventions as claimed have a materially different
design, mode of operation, function, and effect. Furthermore, the inventions as claimed do not
encompass overlapping subject matter and there is nothing of record to show them to be

obvious variants.

12. Inventions Il and Il are directed to related products. The related inventions are distinct
if: (1) the inventions as claimed are either not capable of use together or can have a materially
different design, mode of operation, function, or effect; (2) the inventions do not overlap in
scope, i.e., are mutually exclusive; and (3) the inventions as claimed are not obvious variants.
See MPEP § 806.05(j). In the instant case, the inventions as claimed have a materially different
design, mode of operation, function, and effect. Furthermore, the inventions as claimed do not
encompass overlapping subject matter and there is nothing of record to show them to be

obvious variants.

13. Inventions Il and IV are directed to related products. The related inventions are distinct
if: (1) the inventions as claimed are either not capable of use together or can have a materially
different design, mode of operation, function, or effect; (2) the inventions do not overlap in
scope, i.e., are mutually exclusive; and (3) the inventions as claimed are not obvious variants.
See MPEP § 806.05(j). In the instant case, the inventions as claimed have a materially different

design, mode of operation, function, and effect. Furthermore, the inventions as claimed do not
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encompass overlapping subject matter and there is nothing of record to show them to be

obvious variants.

14. Inventions Il and V are directed to related products. The related inventions are distinct
if: (1) the inventions as claimed are either not capable of use together or can have a materially
different design, mode of operation, function, or effect; (2) the inventions do not overlap in
scope, i.e., are mutually exclusive; and (3) the inventions as claimed are not obvious variants.
See MPEP § 806.05(j). In the instant case, the inventions as claimed have a materially different
design, mode of operation, function, and effect. Furthermore, the inventions as claimed do not
encompass overlapping subject matter and there is nothing of record to show them to be

obvious variants.

15. Inventions Il and VI are directed to related products. The related inventions are distinct
if: (1) the inventions as claimed are either not capable of use together or can have a materially
different design, mode of operation, function, or effect; (2) the inventions do not overlap in
scope, i.e., are mutually exclusive; and (3) the inventions as claimed are not obvious variants.
See MPEP § 806.05(j). In the instant case, the inventions as claimed have a materially different
design, mode of operation, function, and effect. Furthermore, the inventions as claimed do not
encompass overlapping subject matter and there is nothing of record to show them to be

obvious variants.
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16. Inventions Il and VIl are directed to related products. The related inventions are distinct
if: (1) the inventions as claimed are either not capable of use together or can have a materially
different design, mode of operation, function, or effect; (2) the inventions do not overlap in
scope, i.e., are mutually exclusive; and (3) the inventions as claimed are not obvious variants.
See MPEP § 806.05(j). In the instant case, the inventions as claimed have a materially different
design, mode of operation, function, and effect. Furthermore, the inventions as claimed do not
encompass overlapping subject matter and there is nothing of record to show them to be

obvious variants.

17. Inventions Il and VIl are directed to related products. The related inventions are
distinct if: (1) the inventions as claimed are either not capable of use together or can have a
materially different design, mode of operation, function, or effect; (2) the inventions do not
overlap in scope, i.e., are mutually exclusive; and (3) the inventions as claimed are not obvious
variants. See MPEP § 806.05(j). In the instant case, the inventions as claimed have a materially
different design, mode of operation, function, and effect. Furthermore, the inventions as
claimed do not encompass overlapping subject matter and there is nothing of record to show

them to be obvious variants.

18. Inventions Il and IX are directed to related products. The related inventions are distinct
if: (1) the inventions as claimed are either not capable of use together or can have a materially
different design, mode of operation, function, or effect; (2) the inventions do not overlap in

scope, i.e., are mutually exclusive; and (3) the inventions as claimed are not obvious variants.
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See MPEP § 806.05(j). In the instant case, the inventions as claimed have a materially different
design, mode of operation, function, and effect. Furthermore, the inventions as claimed do not
encompass overlapping subject matter and there is nothing of record to show them to be

obvious variants.

19. Inventions Il and IV are directed to related products. The related inventions are distinct
if: (1) the inventions as claimed are either not capable of use together or can have a materially
different design, mode of operation, function, or effect; (2) the inventions do not overlap in
scope, i.e., are mutually exclusive; and (3) the inventions as claimed are not obvious variants.
See MPEP § 806.05(j). In the instant case, the inventions as claimed have a materially different
design, mode of operation, function, and effect. Furthermore, the inventions as claimed do not
encompass overlapping subject matter and there is nothing of record to show them to be

obvious variants.

20. Inventions Il and V are directed to related products. The related inventions are distinct
if: (1) the inventions as claimed are either not capable of use together or can have a materially
different design, mode of operation, function, or effect; (2) the inventions do not overlap in
scope, i.e., are mutually exclusive; and (3) the inventions as claimed are not obvious variants.
See MPEP § 806.05(j). In the instant case, the inventions as claimed products. Furthermore, the
inventions as claimed do not encompass overlapping subject matter and there is nothing of

record to show them to be obvious variants.
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21. Inventions Ill and VI are directed to related products. The related inventions are distinct
if: (1) the inventions as claimed are either not capable of use together or can have a materially
different design, mode of operation, function, or effect; (2) the inventions do not overlap in
scope, i.e., are mutually exclusive; and (3) the inventions as claimed are not obvious variants.
See MPEP § 806.05(j). In the instant case, the inventions as claimed have a materially different
design, mode of operation, function, and effect. Furthermore, the inventions as claimed do not
encompass overlapping subject matter and there is nothing of record to show them to be

obvious variants.

22, Inventions Ill and VIl are directed to related products. The related inventions are
distinct if: (1) the inventions as claimed are either not capable of use together or can have a
materially different design, mode of operation, function, or effect; (2) the inventions do not
overlap in scope, i.e., are mutually exclusive; and (3) the inventions as claimed are not obvious
variants. See MPEP § 806.05(j). In the instant case, the inventions as claimed have a materially
different design, mode of operation, function, and effect. Furthermore, the inventions as
claimed do not encompass overlapping subject matter and there is nothing of record to show

them to be obvious variants.

23. Inventions Il and VIII are directed to related products. The related inventions are
distinct if: (1) the inventions as claimed are either not capable of use together or can have a
materially different design, mode of operation, function, or effect; (2) the inventions do not

overlap in scope, i.e., are mutually exclusive; and (3) the inventions as claimed are not obvious
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variants. See MPEP § 806.05(j). In the instant case, the inventions as claimed have a materially
different design, mode of operation, function, and effect. Furthermore, the inventions as
claimed do not encompass overlapping subject matter and there is nothing of record to show

them to be obvious variants.

24, Inventions Il and IX are directed to related products. The related inventions are distinct
if: (1) the inventions as claimed are either not capable of use together or can have a materially
different design, mode of operation, function, or effect; (2) the inventions do not overlap in
scope, i.e., are mutually exclusive; and (3) the inventions as claimed are not obvious variants.
See MPEP § 806.05(j). In the instant case, the inventions as claimed have a materially different
design, mode of operation, function, and effect. Furthermore, the inventions as claimed do not
encompass overlapping subject matter and there is nothing of record to show them to be

obvious variants.

25. Inventions IV and V are directed to related products. The related inventions are distinct
if: (1) the inventions as claimed are either not capable of use together or can have a materially
different design, mode of operation, function, or effect; (2) the inventions do not overlap in
scope, i.e., are mutually exclusive; and (3) the inventions as claimed are not obvious variants.
See MPEP § 806.05(j). In the instant case, the inventions as claimed have a materially different
design, mode of operation, function, and effect. Furthermore, the inventions as claimed do not

encompass overlapping subject matter and there is nothing of record to show them to be
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obvious variants.

26. Inventions IV and VI are directed to related products. The related inventions are distinct
if: (1) the inventions as claimed are either not capable of use together or can have a materially
different design, mode of operation, function, or effect; (2) the inventions do not overlap in
scope, i.e., are mutually exclusive; and (3) the inventions as claimed are not obvious variants.
See MPEP § 806.05(j). In the instant case, the inventions as claimed have a materially different
design, mode of operation, function, and effect. Furthermore, the inventions as claimed do not
encompass overlapping subject matter and there is nothing of record to show them to be

obvious variants.

27. Inventions IV and VIl are directed to related products. The related inventions are
distinct if: (1) the inventions as claimed are either not capable of use together or can have a
materially different design, mode of operation, function, or effect; (2) the inventions do not
overlap in scope, i.e., are mutually exclusive; and (3) the inventions as claimed are not obvious
variants. See MPEP § 806.05(j). In the instant case, the inventions as claimed have a materially
different design, mode of operation, function, and effect. Furthermore, the inventions as
claimed do not encompass overlapping subject matter and there is nothing of record to show

them to be obvious variants.

28. Inventions IV and VIl are directed to related products. The related inventions are

distinct if: (1) the inventions as claimed are either not capable of use together or can have a

84



Application/Control Number: 16/952,007 Page 14
Art Unit: 2836

materially different design, mode of operation, function, or effect; (2) the inventions do not
overlap in scope, i.e., are mutually exclusive; and (3) the inventions as claimed are not obvious
variants. See MPEP § 806.05(j). In the instant case, the inventions as claimed have a materially
different design, mode of operation, function, and effect. Furthermore, the inventions as
claimed do not encompass overlapping subject matter and there is nothing of record to show

them to be obvious variants.

29. Inventions IV and IX are directed to related products. The related inventions are distinct
if: (1) the inventions as claimed are either not capable of use together or can have a materially
different design, mode of operation, function, or effect; (2) the inventions do not overlap in
scope, i.e., are mutually exclusive; and (3) the inventions as claimed are not obvious variants.
See MPEP § 806.05(j). In the instant case, the inventions as claimed have a materially different
design, mode of operation, function, and effect. Furthermore, the inventions as claimed do not
encompass overlapping subject matter and there is nothing of record to show them to be

obvious variants.

30. Inventions V and VI are directed to related products. The related inventions are distinct
if: (1) the inventions as claimed are either not capable of use together or can have a materially
different design, mode of operation, function, or effect; (2) the inventions do not overlap in
scope, i.e., are mutually exclusive; and (3) the inventions as claimed are not obvious variants.
See MPEP § 806.05(j). In the instant case, the inventions as claimed have a materially different

design, mode of operation, function, and effect. Furthermore, the inventions as claimed do not

85



Application/Control Number: 16/952,007 Page 15
Art Unit: 2836

encompass overlapping subject matter and there is nothing of record to show them to be

obvious variants.

31. Inventions V and VIl are directed to related products. The related inventions are distinct
if: (1) the inventions as claimed are either not capable of use together or can have a materially
different design, mode of operation, function, or effect; (2) the inventions do not overlap in
scope, i.e., are mutually exclusive; and (3) the inventions as claimed are not obvious variants.
See MPEP § 806.05(j). In the instant case, the inventions as claimed have a materially different
design, mode of operation, function, and effect. Furthermore, the inventions as claimed do not
encompass overlapping subject matter and there is nothing of record to show them to be

obvious variants.

32. Inventions V and VIl are directed to related products. The related inventions are
distinct if: (1) the inventions as claimed are either not capable of use together or can have a
materially different design, mode of operation, function, or effect; (2) the inventions do not
overlap in scope, i.e., are mutually exclusive; and (3) the inventions as claimed are not obvious
variants. See MPEP § 806.05(j). In the instant case, the inventions as claimed have a materially
different design, mode of operation, function, and effect. Furthermore, the inventions as
claimed do not encompass overlapping subject matter and there is nothing of record to show

them to be obvious variants.
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33. Inventions V and IX are directed to related products. The related inventions are distinct
if: (1) the inventions as claimed are either not capable of use together or can have a materially
different design, mode of operation, function, or effect; (2) the inventions do not overlap in
scope, i.e., are mutually exclusive; and (3) the inventions as claimed are not obvious variants.
See MPEP § 806.05(j). In the instant case, the inventions as claimed have a materially different
design, mode of operation, function, and effect. Furthermore, the inventions as claimed do not
encompass overlapping subject matter and there is nothing of record to show them to be

obvious variants.

34, Inventions VI and VI are directed to related products. The related inventions are
distinct if: (1) the inventions as claimed are either not capable of use together or can have a
materially different design, mode of operation, function, or effect; (2) the inventions do not
overlap in scope, i.e., are mutually exclusive; and (3) the inventions as claimed are not obvious
variants. See MPEP § 806.05(j). In the instant case, the inventions as claimed have a materially
different design, mode of operation, function, and effect. Furthermore, the inventions as
claimed do not encompass overlapping subject matter and there is nothing of record to show

them to be obvious variants.

35. Inventions VI and VIl are directed to related products. The related inventions are
distinct if: (1) the inventions as claimed are either not capable of use together or can have a
materially different design, mode of operation, function, or effect; (2) the inventions do not

overlap in scope, i.e., are mutually exclusive; and (3) the inventions as claimed are not obvious
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variants. See MPEP § 806.05(j). In the instant case, the inventions as claimed have a materially
different design, mode of operation, function, and effect. Furthermore, the inventions as
claimed do not encompass overlapping subject matter and there is nothing of record to show

them to be obvious variants.

36. Inventions VI and IX are directed to related products. The related inventions are distinct
if: (1) the inventions as claimed are either not capable of use together or can have a materially
different design, mode of operation, function, or effect; (2) the inventions do not overlap in
scope, i.e., are mutually exclusive; and (3) the inventions as claimed are not obvious variants.
See MPEP § 806.05(j). In the instant case, the inventions as claimed have a materially different
design, mode of operation, function, and effect. Furthermore, the inventions as claimed do not
encompass overlapping subject matter and there is nothing of record to show them to be

obvious variants.

37. Inventions VIl and VIl are directed to related products. The related inventions are
distinct if: (1) the inventions as claimed are either not capable of use together or can have a
materially different design, mode of operation, function, or effect; (2) the inventions do not
overlap in scope, i.e., are mutually exclusive; and (3) the inventions as claimed are not obvious
variants. See MPEP § 806.05(j). In the instant case, the inventions as claimed have a materially
different design, mode of operation, function, and effect. Furthermore, the inventions as

claimed do not encompass overlapping subject matter and there is nothing of record to show
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them to be obvious variants.

38. Inventions VIl and IX are directed to related products. The related inventions are
distinct if: (1) the inventions as claimed are either not capable of use together or can have a
materially different design, mode of operation, function, or effect; (2) the inventions do not
overlap in scope, i.e., are mutually exclusive; and (3) the inventions as claimed are not obvious
variants. See MPEP § 806.05(j). In the instant case, the inventions as claimed have a materially
different design, mode of operation, function, and effect. Furthermore, the inventions as
claimed do not encompass overlapping subject matter and there is nothing of record to show

them to be obvious variants.

39. Inventions VIl and IX are directed to related products. The related inventions are distinct if: (1)
the inventions as claimed are either not capable of use together or can have a materially
different design, mode of operation, function, or effect; (2) the inventions do not overlap in
scope, i.e., are mutually exclusive; and (3) the inventions as claimed are not obvious variants.
See MPEP § 806.05(j). In the instant case, the inventions as claimed have a materially different
design, mode of operation, function, and effect. Furthermore, the inventions as claimed do not
encompass overlapping subject matter and there is nothing of record to show them to be

obvious variants.

40. Restriction for examination purposes as indicated is proper because all the inventions

listed in this action are independent or distinct for the reasons given above and there would be
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a serious search and/or examination burden if restriction were not required because one or
more of the following reasons apply:
I. The inventions have acquired a separate status in the art in view of their different
classification

Il. The inventions have acquired a separate status in the art due to their recognized
divergent subject matter;

lll. The inventions require a different field of search (e.g., searching different
classes/subclasses or electronic resources, or employing different search strategies or
search queries);

IV. The prior art applicable to one invention would not likely be applicable to another
invention; and

V. The inventions are likely to raise different non-prior art issues under 35 U.S.C 101

and/or 35 U.S.C 112, first paragraph.

Applicant is advised that the reply to this requirement to be complete must include (i)
an election of an invention to be examined even though the requirement may be traversed (37
CFR 1.143) and (ii) identification of the claims encompassing the elected invention.

The election of an invention may be made with or without traverse. To reserve a right to
petition, the election must be made with traverse. If the reply does not distinctly and
specifically point out supposed errors in the restriction requirement, the election shall be
treated as an election without traverse. Traversal must be presented at the time of election in

order to be considered timely. Failure to timely traverse the requirement will result in the loss
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of right to petition under 37 CFR 1.144. If claims are added after the election, applicant must
indicate which of these claims are readable upon the elected invention.

Should applicant traverse on the ground that the inventions are not patentably distinct,
applicant should submit evidence or identify such evidence now of record showing the
inventions to be obvious variants or clearly admit on the record that this is the case. In either
instance, if the examiner finds one of the inventions unpatentable over the prior art, the
evidence or admission may be used in a rejection under 35 U.S.C. 103 or pre-AIA 35 U.S.C.

103(a) of the other invention.

41. This application contains claims directed to the following patentably distinct species:
the species of Fig. 4, the species of Fig. 5, the species of Fig. 8, the species of Fig. 9, the species
of Fig. 10, the species of Fig. 11, the species of Fig. 12, the species of Fig. 13, the species of Fig.
14, the species of Fig. 15, the species of Fig. 16, the species of Fig. 17, the species of Fig. 18. The
species are independent or distinct because the claims to different species recite the mutually
exclusive characteristics of such species (see, for example, paragraphs 0037-0051, etc. of the
Applicant’s specification which disclose the differences between the respective species). In
addition, these species are not obvious variants of each other based on the current record.
Applicant is required under 35 U.S.C. 121 to elect a single disclosed species, or a single
grouping of patentably indistinct species, for prosecution on the merits to which the claims
shall be restricted if no generic claim is finally held to be allowable. Currently, claims 1, 5, 11,

18, 23, 29, 45, 61, and 66 are generic.
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There is a search and/or examination burden for the patentably distinct species as set
forth above because at least the following reason(s) apply:
I.The inventions have acquired a separate status in the art in view of their different
classification

Il. The inventions have acquired a separate status in the art due to their recognized
divergent subject matter;

lll. The inventions require a different field of search (e.g., searching different
classes/subclasses or electronic resources, or employing different search strategies or
search queries);

IV. The prior art applicable to one invention would not likely be applicable to another
invention; and

V. The inventions are likely to raise different non-prior art issues under 35 U.S.C 101

and/or 35 U.S.C 112, first paragraph.

Applicant is advised that the reply to this requirement to be complete must include (i)
an election of a species to be examined even though the requirement may be traversed (37
CFR 1.143) and (ii) identification of the claims encompassing the elected species or grouping
of patentably indistinct species, including any claims subsequently added. An argument that a
claim is allowable or that all claims are generic is considered nonresponsive unless
accompanied by an election.

The election may be made with or without traverse. To preserve a right to petition, the

election must be made with traverse. If the reply does not distinctly and specifically point out
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supposed errors in the election of species requirement, the election shall be treated as an
election without traverse. Traversal must be presented at the time of election in order to be
considered timely. Failure to timely traverse the requirement will result in the loss of right to
petition under 37 CFR 1.144. If claims are added after the election, applicant must indicate
which of these claims are readable on the elected species or grouping of patentably indistinct
species.

Should applicant traverse on the ground that the species, or groupings of patentably
indistinct species from which election is required, are not patentably distinct, applicant should
submit evidence or identify such evidence now of record showing them to be obvious variants
or clearly admit on the record that this is the case. In either instance, if the examiner finds one
of the species unpatentable over the prior art, the evidence or admission may be used in a
rejection under 35 U.S.C. 103 or pre-AlA 35 U.S.C. 103(a) of the other species.

Upon the allowance of a generic claim, applicant will be entitled to consideration of
claims to additional species which depend from or otherwise require all the limitations of an

allowable generic claim as provided by 37 CFR 1.141.

Conclusion
42. Any inquiry concerning this communication or earlier communications from the
examiner should be directed to JOSEPH N INGE whose telephone number is (571)270-7705. The
examiner can normally be reached 9:00-5:00 EST.
Examiner interviews are available via telephone, in-person, and video conferencing

using a USPTO supplied web-based collaboration tool. To schedule an interview, applicant is
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encouraged to use the USPTO Automated Interview Request (AIR) at
http://www.uspto.gov/interviewpractice.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Rexford Barnie can be reached on 571-272-7492. The fax phone number for the
organization where this application or proceeding is assigned is 571-273-8300.

Information regarding the status of published or unpublished applications may be
obtained from Patent Center. Unpublished application information in Patent Center is available
to registered users. To file and manage patent submissions in Patent Center, visit:
https://patentcenter.uspto.gov. Visit https://www.uspto.gov/patents/apply/patent-center for
more information about Patent Center and https://www.uspto.gov/patents/docx for
information about filing in DOCX format. For additional questions, contact the Electronic
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a USPTO

Customer Service Representative, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

JJOSEPH N INGE/
Examiner, Art Unit 2836

/REXFORD N BARNIE/
Supervisory Patent Examiner, Art Unit 2836
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Claims

Claim 1 (currently amended): An electric power source with load related output power frequency

control, the power source comprising:

a) a power source which provides output A.C. power having a controlled, known frequency,
the power source comprising one or both of an alternator or inverter circuit and at least

one maximum output power parameter;

b) a power sensing circuit which provides an output power signal which is representative of

the timely amount of A.C. power being output from the power source;

C) aprocessor circuit comprising an input responsive to the output power signal, a timebase
circuit and operating to control the frequency of the output A.C. power to be a known
standard first frequency when the output A.C. power is less than the maximum output

power parameter and a known second frequency when the power source is overloaded.

Claim 2 (currently amended): The power source as claimed in claim 1 wherein the processor
circuit operates to control the frequency of the output A.C. power to be a known frequency

different than the known standard frequency which known frequency corresponds eerrespending

to a first known remaining amount of power which can be taken from the power source to power

a load without causing an overload.

Claim 3 (currently amended): The power source as claimed in claim 1 wherein the processor
circuit operates to control the frequency of the output A.C. power to be a known third frequency
when eerrespendingte a first known amount of power whieh is being taken from the power
source and a different fourth frequency_when eerrespendinete a second known amount of power

whieh is being taken from the power source.
Claim 4 (currently amended): The power source as claimed in claim 1 wherein the processor

circuit operates to control the frequency of the output A.C. power to be a known third frequency

when ecerrespendingte a first known remaining amount of power whieh can be taken from the
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power source without causing an overload and a different fourth frequency when eetrespending

te a second known remaining amount of power whieh can be taken from the power source

without causing an overload.

Claim 5 (currently amended): A load coupler device operating to control the connection of one

or more loads to a power source to relieve an overload of the power source, the load coupler

device comprising:

a)

b)

d)

an enclosure within which a load switch and a load control circuit are physically located,

the load switch comprising at least one control connection for electrically opening and
closing the load switch, at least one A.C. power line connection, and at least one A.C.
power load connection via which line connected A.C. power may be supplied to a

corresponding load when the load switch is closed;

the load control circuit additionally comprising a power supply responsive to the A.C.

power to provide power to a processor circuit;

the load control circuit further comprising a user input configured to provide information
from a user to the processor circuit and a user output configured to provide information to

a user from the processor circuit;

the processor circuit operating to timely sense one or more parameters, including the
frequency, of the A.C. power and executing a program whereby in response to the
frequency of the A.C. power, the processor, operating via the control connection,
performs a load shed by causing the load switch to open;-therebyrelievingan-overload-of
the-powerseuree.

Claim 6 (original): The load coupler device of claim 5 wherein the processor circuit is responsive

to the amount of overload as represented by the frequency of the A.C. power, as well as the time

that amount of overload has existed, to open the load switch.
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Claim 7 (original): The load coupler device of claim 5 wherein the processor circuit determines
when to cause a load shed in response to the amount of an overload as represented by the
frequency of the A.C. power and the time duration of the overload with the load shed occurring

faster for relatively large overloads as compared to other, relatively small overloads.

Claim 8 (original): The load coupler device of claim 5 wherein the load coupler determines
beforehand in response to the frequency of the A.C. power, if the corresponding load can be

connected to the power source without an overload.

Claim 9 (currently amended): The load coupler device of claim 5 wherein the processor circuit is
programmed to operate in response to the frequency of the A.C. electric power being output from
the power source, which frequency represents the remaining amount of power which can be
output from the power source without creating an overload, to determine if the corresponding

load can be connected without creating an overload.

Claim 10 (currently amended): The load coupler device of claim 5 wherein the priority of the

corresponding first-load can be assigned to the load coupler via the user input circuit.

Claim 11 (currently amended): A load control device operating to control the connection of one
or more loads to a power source to prevent or relieve an overload of the power source, the load

control device comprising:

a) a contactor comprising one or more each of; a control connection via which the contactor
can be opened and closed, a line connection rated to connect A.C. Power from a power
source, and a load connection rated to connect a corresponding load and thereby supply

the load with A.C. power when the contactor is closed;
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b) aload control circuit comprising a power supply having an input connected to the line
connection of the contactor to thereby receive the A.C. electric power, the power supply

providing power to power a processor circuit;

c¢) the load control circuit additionally comprising a user input and a user output, both

communicating with the processor circuit;

d) the processor circuit comprising a timebase circuit and executing a program to timely
sense the A.C. electric power at the contractor line connection and in response to the
timebase circuit monitor the frequency of the sensed A.C. electric power, the processor
further operating in response to a frequency drop of a known amount for a known amount
of time to cause a load shed by opening the contactor to relieve an overload or causing
the contactor to remain open to prevent a possible overload or additional overload of the

power source,

e) the processor, following the load shed by a known time period, closes the contactor to
resupply power to the load, the known time period being responsive to the configuration

of the load_control circuit via the user input-ceupler.

Claim 12 (original): The load control device of claim 11 wherein the load control circuit and the
contactor are physically adjacent to one another, both of which are contained in a U.L. approved

plastic electronic enclosure.

Claim 13 (original): The load control device of claim 11 wherein when the frequency of the A.C.
electric power received at the contactor line connection is controlled to drop by at least one
known amount, the processor control operates in response to the frequency drop to determine the

presence of an overload.
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Claim 14 (currently amended): The load control device of claim 11 wherein the priority of the
load can be assigned to the load_control circuit via the user input circuit by the installer at the

time of installation of the load control device.

Claim 15 (currently amended): The load control device of claim 11 wherein the priority of the
corresponding first-load and the amount of power the corresponding first-load draws, can be
stored in the load control via the user input circuit by the installer at the time of installation of the

load control device.

Claim 16 (currently amended): The load control device of claim 14 wherein when the power
received at the contactor line connection is controlled by a power source to have a frequency
corresponding to an amount of remaining available output A.C. electric power, the processor
operates to prevent closing the contactor when the corresponding load would draw more power

from the power source than the power source has available.

Claim 17 (original): The load control device of claim 11 wherein the processor circuit
determines when to cause a load shed in response to the amount of an overload and the time
duration of the overload with the load shed occurring faster for large overloads as compared to

small overloads.

Claim 18 (currently amended): A load module device operating to control the coupling of a load
to an electric power source to_prevent and/or relieve an overload of the power source, the load

module comprising:

a) aload switch and/or load limit comprising havine-a control connection via which the
power supplied to a load is controlled, a plurality of power connections for A.C. power
including one connection suitable for connecting to A.C. power received from a power
source, and another connection suitable for supplying the A.C. power to a load when

controlled via the control connection;
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b) aload control circuit comprising a power supply, the input connected to the A.C. power

and the output to provide operating power to a processor circuit;

¢) the processor circuit executing a program and operating in response to a timebase circuit
to timely monitor the A.C. power frequency, the processor further operating to cause full
power to be provided to the load when the A.C. power frequency is substantially a
standard frequency, and to remove or reduce power provided to the load when: the A.C.
power frequency deviates from the standard frequency to a known first frequency,
corresponding to a first amount of overload, for a first time period; or when the frequency
deviates from the standard frequency by a_second, larger amount to a different known
second frequency, corresponding to a second amount of overload, for a second time

period.

Claim 19 (original): The load module of claim 18 wherein the load control circuit additionally
comprises user input and user output circuits which are coupled to the processor circuit, with a
load priority being established via the user input, and after removing all power from the load in
response to an overload, the processor circuit operates a known amount of time later to restore

power to the load, the known amount of time being set by the priority of the load.

Claim 20 (original): The load module of claim 18 wherein the load control circuit additionally
comprises user input and user output circuits which are coupled to the processor circuit, with a
load priority being established via the user input, and after removing all power from the load in
response to an overload, the processor circuit operates a known amount of time later to restore

power to the load if the A.C. power is the standard frequency.

Claim 21 (original): The load module of claim 18 wherein the load control circuit additionally
comprises user input and user output circuits which are coupled to the processor circuit, with a

load priority being established via the user input, and after removing all power from the load in
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response to an overload, the processor circuit operates a known amount of time later to determine
if the A.C. power frequency indicates that there is sufficient remaining available power from the
power source to power the load without creating an overload, and if so then providing full power

to the load.

Claim 22 (original): The load module of claim 18 wherein the load control circuit and load
switch and/or load limit are mechanically configured to be physically located next to each other,

and are contained in a U.L. approved plastic electronic enclosure.

Claim 23 (currently amended): An electric power source with output power frequency control in

response to load, the power source comprising:

a) apower source having a power output which is capable of being electrically connected to
a utility power grid in order to_couple feed-output A.C. power to inte-the utility power
grid_connection, the power source comprising one or both of an alternator or inverter
circuit and at least one maximum output power parameter related to the maximum output

power which the power source can provide;

b) an output power sensing circuit which provides an output power signal which is

representative of the timely amount of A.C. power being output from the power source;

C) aprocessor circuit comprising one or more processors, the processor circuit responsive to
the utility power on the power grid to cause the frequency of the output A.C. power to
synchronize to the power grid frequency when_coupling feeding-output A.C. power into
the utility power grid_connection when the utility power is of acceptable quality, and

when the utility power is not of acceptable quality to_cause the power grid to be

disconnected from the output A.C. power output and control the frequency of the output

A.C. power in response to the output power signal.

Claim 24 (currently amended): The power source of claim 23 wherein the power source and/or

utility power grid normally power a group of loads and the utility power grid is disconnected
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from the power output when the utility power is not of acceptable quality, leaving the power
source to provide power to one or more loads of the group of loads, and wherein the processor
circuit controls the frequency of the output A.C. power to change in a manner to represent the

occurrence of an overload of the power source.

Claim 25 (previously presented): The power source of claim 23 wherein the power source and/or
utility power grid normally power a group of loads and when the utility power is not of
acceptable quality the utility power grid is disconnected from the power output, leaving the
power source to provide power to one or more loads of the group of loads, with the processor
circuit further controlling the frequency of the output A.C. power to decrease in a manner
wherein the amount of decrease represents the timely amount of A.C. power which is being

output from the power source.

Claim 26 (previously presented): The power source of claim 23 wherein the utility power grid
normally provides at least some of the power for a group of loads via a transfer switch and the
utility power grid is disconnected from the group of loads when the utility power is not of
acceptable quality thereby leaving the power source to provide power to at least one of the group

of loads.

Claim 27 (currently amended): The power source of claim 23 wherein the power source includes

an inverter which is connected to_receive power from one or more batteries which are charged by

a battery charger using power from the utility power grid and/or a solar panel.

Claim 28 (previously presented): The power source of claim 23 wherein the power source
includes an inverter which provides the output A.C. power, the inverter being connected to
receive power from one or more batteries which are charged by a battery charger using power

from a solar panel.
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Claim 29 (new): A power system which provides A.C. power with a controlled A.C. frequency

to assist in managing the loading thereof, the power system comprising:

a)

b)

a non-utility type power source comprising an inverter which provides single or multiple
phase output A.C. power to one or more of a plurality of loads, the power source having at
least one maximum output power parameter which if exceeded causes an overload of the
power source, the output A.C. power having an A.C. frequency, which frequency is

controlled in response to the timely amount of the output A.C. power;

a power sensing circuit which may be part of the power source or otherwise and is
responsive to the timely amount of the output A.C. power, the power source operating in
response to the power sensing circuit to control the frequency of the output A.C. power to
have a first frequency when the power source is not overloaded and a second frequency

when the power source is overloaded and/or is near to being overloaded,

a processor circuit comprising one or more processors responsive to the output A.C. power,
the processor circuit operating in response to the occurrence of the second frequency to
control the amount of output A.C. power consumed by at least one load of the one or more

loads thereby helping to prevent or alleviate an overload of the power source.

Claim 30 (new): A power system as claimed in claim 29 wherein when the one or more loads

demand more power than the inverter can produce, the power source changes the A.C. power

output frequency from the first frequency to the second frequency to signal the processor circuit

to shed one or more of the plurality of loads to help the power source to recover from an

overload.

Claim 31 (new): A power system as claimed in claim 29 wherein the power source is used as a

backup power source when utility power fails.
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Claim 32 (new): A power system as claimed in claim 29 wherein the inverter is responsive to
power provided by a generator comprising an internal combustion engine to provide the output

A.C. power.

Claim 33 (new): A power system as claimed in claim 29 wherein the inverter is responsive to at

least one rechargeable battery to provide the output A.C. power.

Claim 34 (new): A power system as claimed in claim 33 wherein the power system controls the

charging of the battery.

Claim 35 (new): A power system as claimed in claim 34 wherein the power system controls the

charging of the battery from a power grid.

Claim 36 (new): A power system as claimed in claim 34 wherein the power system controls the

charging of the battery from a solar panel.

Claim 37 (new): A power system as claimed in claim 34 wherein the power system controls the

charging of the battery from a non-grid internal combustion powered electrical power source.

Claim 38 (new): A power system as claimed in claim 34 wherein a power grid and a solar panel
are available to charge the battery and the power system controls the selection of at least one of

the power grid and the solar panel to charge the battery.
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Claim 39 (new): A power system as claimed in claim 34 wherein a power grid and a non-grid
internal combustion powered electrical power source are available to charge the battery and the
power system controls the selection of at least one of the power grid and the non-grid internal

combustion powered electrical power source to charge the battery.

Claim 40 (new): A power system as claimed in claim 34 wherein a power grid, a solar panel and
a non-grid internal combustion powered electrical power source are available to charge the
battery and the power system controls the selection of one or more of the power grid, the solar
panel and the non-grid internal combustion powered electrical power source to charge the

battery.

Claim 41 (new): A power system as claimed in claim 29 further including a transfer switch
which selects either a utility grid or the power source to provide power to the one or more of a
plurality of loads, the transfer switch outputting power from the utility grid when grid power
meets acceptable parameters and to output power from the power source when the grid power

does not meet acceptable standards.

Claim 42 (new): A power system as claimed in claim 29 further including a transfer switch
which selects either a utility grid or the power source to provide power to the one or more of a
plurality of loads, the transfer switch outputting power from the utility grid when grid power
meets acceptable parameters and outputting power from the power source when the grid power
does not meet acceptable standards, the power sensing circuit of b) comprising one or more

current sensors electrically located to sense current output from the transfer switch.

Claim 43 (new): A power system as claimed in claim 29 further including a transfer switch
which selects either a utility grid or the power source to provide power to the one or more of a
plurality of loads, the transfer switch operating to select the utility grid when grid power meets

acceptable parameters and to select the power source when the grid power does not meet
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acceptable standards, the power sensing circuit of b) comprising one or more current sensors
electrically located to sense current output from the transfer switch and thereby are responsive to
the amount of current being provided to the one or more of a plurality of loads by the utility grid
when the transfer switch selects the utility grid and to sense the amount of current being provided
to the one or more of a plurality of loads by the power source when the transfer switch selects the

power source.

Claim 44 (new): A power system as claimed in claim 33 further including a transfer switch
which outputs power from either a utility grid or from the power source to provide power to the
one or more of a plurality of loads, the power system operating to charge the battery from the
power grid via the transfer switch output when the transfer switch outputs grid power, with the
power system stopping the charging of the battery via the output of the transfer switch when the
transfer switch outputs power from the power source to provide power to the one or more of a

plurality of loads.

Claim 45 (new): A power system comprising a power source which provides A.C. power and at
least one load control which operates to assist in preventing or alleviating overloading of the

power source, the power system comprising;

a) apower source which is not a utility power grid and which provides single or multiple
phase output A.C. power to one or more loads, the power source comprising an inverter,
and at least one maximum output power parameter which if exceeded causes an overload of
the power source, the output A.C. power having an A.C. frequency which is controlled in

response to the timely amount of output A.C. power;

b) a power sensing circuit which may be partially or fully part of, or separate from, the power
source and configured to be responsive to the timely amount of output A.C. power being
provided by the power source to the one or more loads, the power source operating in
response to the power sensing circuit to control the frequency of the output A.C. power in a

manner that the output A.C. power has a controlled first frequency which indicates the
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power source is not overloaded and the output A.C. power has at least one controlled
second frequency which indicates the power source is at least one of a known amount away

from being overloaded, or is overloaded;

C) aprocessor circuit comprising one or more processors responsive to the frequency of the
output A.C. power to control the amount of output A.C. power consumed by at least one

load of the one or more loads to prevent or reduce an overload of the power source.

Claim 46 (new): A power system as claimed in claim 45 wherein when the one or more loads
demand more power than the power source can produce, the power source changes the A.C.
power output frequency from the first frequency to the second frequency to signal the processor
circuit to shed one or more of the plurality of loads to allow the power source to recover from the

overload.

Claim 47 (new): A power system as claimed in claim 45 wherein the power source is used as a

backup power source when utility power fails.

Claim 48 (new): A power system as claimed in claim 45 wherein the inverter is responsive to an

internal combustion engine to provide the output A.C. power.

Claim 49 (new): A power system as claimed in claim 45 wherein the inverter is responsive to

one or more rechargeable batteries to provide the output A.C. power.

Claim 50 (new): A power system as claimed in claim 49 wherein the power system controls the

charging of the battery.
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Claim 51 (new): A power system as claimed in claim 49 wherein the power system controls the

charging of the battery from a power grid.

Claim 52 (new): A power system as claimed in claim 49 wherein the power system controls the

charging of the battery from a solar panel.

Claim 53 (new): A power system as claimed in claim 49 wherein the power system controls the

charging of the battery from a non-grid internal combustion powered electrical power source.

Claim 54 (new): A power system as claimed in claim 49 wherein a power grid and a solar panel
are available to charge the battery and the power system controls the selection of at least one of

the power grid and the solar panel to charge the battery.

Claim 55 (new): A power system as claimed in claim 49 wherein a power grid and a non-grid
internal combustion powered electrical power source are available to charge the battery and the
power system controls the selection of at least one of the power grid and the non-grid internal

combustion powered electrical power source to charge the battery.

Claim 56 (new): A power system as claimed in claim 49 wherein a power grid, a solar panel and
a non-grid internal combustion powered electrical power source are available to charge the
battery and the power system controls the selection of one or more of the power grid, the solar
panel and the non-grid internal combustion powered electrical power source to charge the

battery.
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Claim 57 (new): A power system as claimed in claim 45 further including a transfer switch
having two or more inputs and an output, one input coupled to a utility grid and another input
coupled to the power source, the output providing power from the utility grid or the power
source to the one or more of a plurality of loads, the transfer switch operating to output power
from the utility grid when grid power meets acceptable parameters and to output power from the

power source when the grid power does not meet acceptable standards.

Claim 58 (new): A power system as claimed in claim 45 further including a transfer switch
which outputs power from either a utility grid or the power source to the one or more of a
plurality of loads, the transfer switch operating to provide utility grid power when grid power
meets acceptable parameters and to provide power source power when the grid power does not
meet acceptable standards, the power sensing circuit of b) comprising one or more current
sensors electrically located to sense the utility grid provided current or the power source

provided current, whichever one is output from the transfer switch.

Claim 59 (new): A power system as claimed in claim 45 further including a transfer switch
which selects either a utility grid or the power source to provide power to the one or more of a
plurality of loads, the transfer switch operating to select the utility grid when grid power meets
acceptable parameters and to select the power source when the grid power does not meet
acceptable standards, the power sensing circuit of b) comprising one or more current sensors
physically located at the transfer switch output and to sense current output from the transfer
switch and responsive to the amount of current being provided to the one or more of a plurality
of loads by the utility grid when the transfer switch selects the utility grid and to sense the
amount of current being provided to the one or more of a plurality of loads by the power source

when the transfer switch selects the power source.

Claim 60 (new): A power system as claimed in claim 45 further including a transfer switch
which selects either a utility grid or the power source to provide power to the one or more of a

plurality of loads, the power system operating to charge the battery from the power grid via the
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transfer switch output when the transfer switch selects grid power, and the power system

stopping the charging of the battery via the output of the transfer switch when the transfer switch

selects the power source to provide power to the one or more of a plurality of loads.

Claim 61 (new): A power system comprising an inverter power source which provides A.C.

power and at least one load control which operates to assist in preventing or alleviating

overloading of the inverter power source, the power system comprising:

a)

b)

an inverter power source which receives D.C. power from one or more rechargeable
batteries and provides single or multiple phase output A.C. power to power one or more
loads, the inverter power source having a maximum amount of output A.C. power that can
be produced without being overloaded, the output A.C. power having an A.C. frequency,
which frequency is controlled by the inverter power source in response to the timely

amount of output A.C. power;

a power sensing circuit responsive to the timely amount of output A.C. power being
provided by the inverter power source to the loads, the inverter power source operating in
response to the power sensing circuit to control the frequency of the output A.C. power in a
manner that the output A.C. power has a controlled first frequency when the power source
is not overloaded and the output A.C. power has at least one controlled second frequency
when the loads demand more power than the inverter power source can produce without an

overload;

a load control circuit comprising one or more processors responsive to the frequency of the
output A.C. power to control the amount of output A.C. power consumed by at least one

load of the one or more loads to prevent or reduce an overload of the inverter power source.

Claim 62 (new): A power system as claimed in claim 61 wherein when the one or more loads

demand more power than the inverter power source can produce, the power source changes the

A.C. power output frequency from the first frequency to the second frequency to signal the

115



processor circuit to shed one or more of the plurality of loads to allow the power source to

recover from the overload.

Claim 63 (new): A power system as claimed in claim 61 wherein when one or more loads
demand more power than the inverter power source can produce, the power source changes the
A.C. power output frequency from the first frequency to the second frequency to signal a
plurality of processor circuits, each processor circuit having a corresponding load, to shed the
corresponding load to allow the power source to recover from the overload, each of the plurality
of processor circuits further comprising a priority selector whereby the priority of the

corresponding load may be selected.

Claim 64 (new): A power system as claimed in claim 61 wherein when the loading of the
inverter power source by the one or more loads demands an amount of power that is more than a
known amount but less than the amount of power that the inverter power source can produce, the
power source changes the A.C. power output frequency from the first frequency to a controlled

third frequency to signal the processor circuit that the power source is near to being overloaded.

Claim 65 (new): A power system as claimed in claim 61 wherein in b) when one or more loads
demand more power than the inverter power source can produce, the power source changes the
A.C. power output frequency from the first frequency to one of a plurality of controlled
frequencies, with a first of the plurality of controlled frequencies representing a lesser amount of
overload than a second of the plurality of controlled frequencies and wherein the second of the
plurality of controlled frequencies signals the processor circuit to shed the one or more of the

plurality of loads faster than does the first of the plurality of controlled frequencies.

Claim 66 (new): A load shed module for use with a power system comprising a power source

which provides A.C. power at a controlled frequency which frequency is responsive to the timely
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power output of the power source, and a load which, when connected, consumes the A.C. power

from the power system, the load shed module comprising:

a)

b)

a contactor having a plurality of contacts, which contacts may be electrically connected in
series between an A.C. power source and a load, the A.C. power output from the A.C.
power source having a power frequency which is controllably changed from a first
frequency to at least a second frequency in response to the amount of power being supplied
by the A.C. power source, the first frequency corresponding to a range of A.C. power
output amounts supplied for which the A.C. power source is not overloaded and the second
frequency corresponding to the A.C. power source being one or both of near overload or
overloaded;

a frequency monitoring circuit responsive to the A.C. power output from the A.C. power
source to determine when the A.C. power output frequency is the second frequency;

a processor circuit comprising one or more processors, the processor circuit operable to
open and close the plurality of contacts of the contactor to connect the load to and
disconnect the load from the A.C. power source thereby controlling the supply of power to
the load and in response to the frequency monitoring circuit causing the contactor to close
the circuit between the A.C. power source and the load when the power source is not
overloaded and opening the circuit between the A.C. power source and the load when the

when the A.C. power source is overloaded.

Claim 67 (new): A load shed module as claimed in claim 66, wherein the second frequency

represents an amount of A.C. power output from the A.C. power source that causes the A.C.

power source to be near overload.

Claim 68 (new): A load shed module as claimed in claim 66, wherein the second frequency

represents an amount of A.C. power output from the A.C. power source is causes the A.C.

power source to be overloaded.
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Claim 69 (new): A load shed module as claimed in claim 66, wherein the A.C. power source
comprises an inverter circuit and the second frequency represents an amount of A.C. power
output from the A.C. power source that causes the inverter of the A.C. power source to be near

overload.

Claim 70 (new): A load shed module as claimed in claim 66, wherein the A.C. power source
comprises an inverter circuit and the second frequency represents an amount of A.C. power
output from the A.C. power source that causes the inverter of the A.C. power source to be

overloaded.

Claim 71 (new): A load shed module as claimed in claim 66, wherein the processor circuit
comprises a timebase circuit in order to determine if the A.C. power frequency is the second

frequency.
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Claims

Claim 1 (amended): An electric power source with load related output power frequency control,

the power source comprising:

a) apower source which provides output A.C. power having a controlled, known frequency
whichis-controlledinresponse-to-afrequency-controlsignal, the power source
comprising one or both of an alternator or inverter circuit and at least one maximum

output power parameter;

b) a power sensing circuit which provides an output power signal which representative of

the timely amount of A.C. power being output from the power source;

€) aprocessor circuit comprising an input responsive to the output power signal, a timebase
circuit and operating to previde-the-frequeney-control-signal-the-processorthereby
eperating-te-control the frequency of the output A.C. power to be a known standard first
frequency when the output A.C. power is less than the maximum output power parameter

and a known second frequency when the power source is overloaded.

Claim 2 (original): The power source as claimed in claim 1 wherein the processor circuit
operates to control the frequency of the output A.C. power to be a known frequency different
than the known standard frequency corresponding to a first known remaining amount of power

which can be taken from the power source to power a load without causing an overload.

Claim 3 (original): The power source as claimed in claim 1 wherein the processor circuit
operates to control the frequency of the output A.C. power to be a known third frequency
corresponding to a first known amount of power which is being taken from the power source and
a different fourth frequency corresponding to a second known amount of power which is being

taken from the power source.

Claim 4 (original): The power source as claimed in claim 1 wherein the processor circuit

operates to control the frequency of the output A.C. power to be a known third frequency

119



corresponding to a first known remaining amount of power which can be taken from the power
source without causing an overload and a different fourth frequency corresponding to a second
known remaining amount of power which can be taken from the power source without causing

an overload.

Claim 5 (original): A load coupler device operating to control the connection of one or more
loads to a power source to relieve an overload of the power source, the load coupler device

comprising:

a) an enclosure within which a load switch and a load control circuit are physically located,;

b) the load switch comprising at least one control connection for electrically opening and
closing the load switch, at least one A.C. power line connection, and at least one A.C.
power load connection via which line connected A.C. power may be supplied to a

corresponding load when the load switch is closed;

¢) the load control circuit additionally comprising a power supply responsive to the A.C.

power to provide power to a processor circuit;

d) the load control circuit further comprising a user input configured to provide information
from a user to the processor circuit and a user output configured to provide information to

a user from the processor circuit;

e) the processor circuit operating to timely sense one or more parameter, including the
frequency, of the A.C. power and executing a program whereby in response to the
frequency of the A.C. power, the processor performs a load shed by causing the load

switch to open, thereby relieving an overload of the power source.

Claim 6 (original): The load coupler device of claim 5 wherein the processor circuit is responsive
to the amount of overload as represented by the frequency of the A.C. power, as well as the time

that amount of overload has existed, to open the load switch.
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Claim 7 (original): The load coupler device of claim 5 wherein the processor circuit determines
when to cause a load shed in response to the amount of an overload as represented by the
frequency of the A.C. power and the time duration of the overload with the load shed occurring

faster for relatively large overloads as compared to other, relatively small overloads.

Claim 8 (original): The load coupler device of claim 5 wherein the load coupler determines
beforehand in response to the frequency of the A.C. power, if the corresponding load can be

connected to the power source without an overload.

Claim 9 (original): The load coupler device of claim 5 wherein the processor circuit is
programmed to operate in response to the frequency of the A.C. electric power being output from
the power source, which frequency represents the remaining amount of power which can be
output from the power source without creating an overload, to determine if the load can be

connected without creating an overload.

Claim 10 (original): The load coupler device of claim 5 wherein the priority of the first load can

be assigned to the load coupler via the user input circuit.

Claim 11 (original): A load control device operating to control the connection of one or more
loads to a power source to prevent or relieve an overload of the power source, the load control

device comprising:

a) a contactor comprising one or more each of; a control connection via which the contactor
can be opened and closed, a line connection rated to connect A.C. Power from a power
source, and a load connection rated to connect a corresponding load and thereby supply

the load with A.C. power when the contactor is closed;
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b) aload control circuit comprising a power supply having an input connected to the line
connection of the contactor to thereby receive the A.C. electric power, the power supply

providing power to power a processor circuit;

c¢) the load control circuit additionally comprising a user input and a user output, both

communicating with the processor circuit;

d) the processor circuit comprising a timebase circuit and executing a program to timely
sense the A.C. electric power at the contractor line connection and in response to the
timebase circuit monitor the frequency of the sensed A.C. electric power, the processor
further operating in response to a frequency drop of a known amount for a known amount
of time to cause a load shed by opening the contactor to relieve an overload or causing
the contactor to remain open to prevent a possible overload or additional overload of the

power source,

e) the processor, following the load shed by a known time period, closes the contactor to
resupply power to the load, the known time period being responsive to the configuration

of the load coupler.

Claim 12 (original): The load control device of claim 11 wherein the load control circuit and the
contactor are physically adjacent to one another, both of which are contained in a U.L. approved

plastic electronic enclosure.

Claim 13 (original): The load control device of claim 11 wherein when the frequency of the A.C.
electric power received at the contactor line connection is controlled to drop by at least one
known amount, the processor control operates in response to the frequency drop to determine the

presence of an overload.
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Claim 14 (original): The load control device of claim 11 wherein the priority of the load can be
assigned to the load coupler via the user input circuit by the installer at the time of installation of

the load control device.

Claim 15 (original): The load control device of claim 11 wherein the priority of the first load
and the amount of power the first load draws, can be stored in the load control via the user input

circuit by the installer at the time of installation of the load control device.

Claim 16 (original): The load control device of claim 14 wherein when the power received at the
contactor line connection is controlled by a power source to have a frequency corresponding to
an amount of remaining available output A.C. electric power, the processor operates to prevent
closing the contactor when the load would draw more power from the power source than the

power source has available.

Claim 17 (original): The load control device of claim 11 wherein the processor circuit
determines when to cause a load shed in response to the amount of an overload and the time
duration of the overload with the load shed occurring faster for large overloads as compared to

small overloads.

Claim 18 (original): A load module device operating to control the coupling of a load to an

electric power source to relieve an overload of the power source, the load module comprising:

a) aload switch and/or load limit having a control connection via which the power supplied
to a load is controlled, a plurality of power connections for A.C. power including one
connection suitable for connecting to A.C. power received from a power source, and
another connection suitable for supplying the A.C. power to a load when controlled via

the control connection;

b) aload control circuit comprising a power supply, the input connected to the A.C. power

and the output to provide operating power to a processor circuit;
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¢) the processor circuit executing a program and operating in response to a timebase circuit
to timely monitor the A.C. power frequency, the processor further operating to cause full
power to be provided to the load when the A.C. power frequency is substantially a
standard frequency, and to remove or reduce power provided to the load when: the A.C.
power frequency deviates from the standard frequency to a known first frequency,
corresponding to a first amount of overload, for a first time period; or when the frequency
deviates from the standard frequency by a larger amount to a different known second

frequency, corresponding to a second amount of overload, for a second time period.

Claim 19 (original): The load module of claim 18 wherein the load control circuit additionally
comprises user input and user output circuits which are coupled to the processor circuit, with a
load priority being established via the user input, and after removing all power from the load in
response to an overload, the processor circuit operates a known amount of time later to restore

power to the load, the known amount of time being set by the priority of the load.

Claim 20 (original): The load module of claim 18 wherein the load control circuit additionally
comprises user input and user output circuits which are coupled to the processor circuit, with a
load priority being established via the user input, and after removing all power from the load in
response to an overload, the processor circuit operates a known amount of time later to restore

power to the load if the A.C. power is the standard frequency.

Claim 21 (original): The load module of claim 18 wherein the load control circuit additionally
comprises user input and user output circuits which are coupled to the processor circuit, with a
load priority being established via the user input, and after removing all power from the load in
response to an overload, the processor circuit operates a known amount of time later to determine
if the A.C. power frequency indicates that there is sufficient remaining available power from the
power source to power the load without creating an overload, and if so then providing full power

to the load.
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Claim 22 (original): The load module of claim 18 wherein the load control circuit and load
switch and/or load limit are mechanically configured to be physically located next to each other,

and are contained in a U.L. approved plastic electronic enclosure.

Claim 23 (new): An electric power source with output power frequency control in response to

load, the power source comprising:

a) apower source having a power output which is capable of being electrically connected to
a utility power grid in order to feed output A.C. power into the utility power grid, the
power source comprising one or both of an alternator or inverter circuit and at least one
maximum output power parameter related to the maximum output power which the

power source can provide;

b) an output power sensing circuit which provides an output power signal which is

representative of the timely amount of A.C. power being output from the power source;

C) a processor circuit comprising one or more processors, the processor circuit responsive to
the utility power on the power grid to cause the frequency of the output A.C. power to
synchronize to the power grid frequency when feeding output A.C. power into the utility
power grid when the utility power is of acceptable quality, and when the utility power is
not of acceptable quality to control the frequency of the output A.C. power in response to

the output power signal.

Claim 24 (new): The power source of claim 23 wherein the power source and/or utility power
grid normally power a group of loads and the utility power grid is disconnected from the power
output when the utility power is not of acceptable quality, leaving the power source to provide
power to one or more loads of the group of loads, and wherein the processor circuit controls the
frequency of the output A.C. power change in a manner to represent the occurrence of an

overload of the power source.
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Claim 25 (new): The power source of claim 23 wherein the power source and/or utility power
grid normally power a group of loads and when the utility power is not of acceptable quality the
utility power grid is disconnected from the power output, leaving the power source to provide
power to one or more loads of the group of loads, with the processor circuit further controlling
the frequency of the output A.C. power to decrease in a manner wherein the amount of decrease

represents the timely amount of A.C. power which is being output from the power source.

Claim 26 (new): The power source of claim 23 wherein the utility power grid normally provides
at least some of the power for a group of loads via a transfer switch and the utility power grid is
disconnected from the group of loads when the utility power is not of acceptable quality thereby

leaving the power source to provide power to at least one of the group of loads.

Claim 27 (new): The power source of claim 23 wherein the power source includes an inverter
which is connected to one or more batteries which are charged by a battery charger using power

from the utility power grid and/or a solar panel.

Claim 28 (new): The power source of claim 23 wherein the power source includes an inverter
which provides the output A.C. power, the inverter being connected to receive power from one

or more batteries which are charged by a battery charger using power from a solar panel.
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ABSTRACT

A method and apparatus for controlling the total load presented to an AC
power source such as a generator or inverter used to provide backup or
portable power. The frequency of the output AC power is controlled in response
to the loading on the power source, thereby providing information about that
loading of the power source which is carried by the AC power itself, thus
reducing or eliminating the need for traditional wired and wireless
communications. By controlling the frequency of AC power, controllable loads
and load control devices can determine the amount of remaining power
available from the power source in order to determine if a given load can be
connected without creating an overload. The frequency may also be controlled
at the power source to indicate an overload, with the loads being responsive to

that overload frequency to reduce the load and thereby alleviate the overload.
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INVENTION TITLE
Power Source Load Control

DESCRIPTION

Heading

BACKGROUND OF THE INVENTION
[Para 1] This application is a division of, and incorporates herein by reference, application
number 13/481,804 filed March 16, 2013 which in turn claims benefit of, and incorporates
by reference in their entirety, provisional patent applications: Power Source Load Control,
application number 61/490,253 filed May 26, 2011; Power Source Load Control, application
nhumber 61/552,722 filed October 28, 2011; Load Control, application number 61/598,564
filed February 14, 2012 and Genset Overload Control, application number 61/624,360 filed
April 15, 2012, which provisional applications are also incorporated herein by reference.
[Para 2] The background of the invention, summary of the invention, brief description of
the figures, detailed description of the preferred embodiment, claims and abstract are
presented and described herein to a person having ordinary skill in the art to which the
subject matter pertains, hereinafter sometimes referred to as person of ordinary skill or one
of ordinary skill. Many people of ordinary or advanced skill in the art commonly use words,
for example such as generator and load, to have language, location and context specific
meaning. This usage works well for providing understanding and clarity to a person of
ordinary skill, despite using words having several potential meanings. For example, valve is
used in Europe in relation to vacuum tubes and in North America in relation to gaseous and
fluid controls. Gas is used in the U.S. to mean gasoline and the gaseous state of a
substance. One of ordinary skill will know from the language, location and context used

which meaning of more than one possible meaning is intended.
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[Para 3] As one example to demonstrate how the intended meaning is the known meaning
to one of ordinary skill, consider a power generating device which is often referred to simply
as a generator by one of ordinary skill, relying on the field of art and context of usage to
supply specific meaning and limitations to the particular name generator. A person of
ordinary skill writing a technical article about a backup generator used in the art of heating
(or otherwise powering) a suburban home during loss of public utility power would know
and intend generator to mean an electrical generator. A person of ordinary skill writing a
technical article about a backup generator used in the art of heating a building in a large
city during loss of public utility power would know that generator could be a steam
generator. According to this example, depending on context, one of ordinary skill would
know generator to mean a steam generator or an electrical generator. As another example,
in the electrical power generating art generator is commonly meant to mean the generating
device such as a motor or turbine and electrical alternator combination. As yet another
example in the electrical art an electrical generator (often used in pre 1960’s vehicles)
outputs D.C. power and is distinguished from an alternator (often used in post 1960’s
vehicles) which creates A.C. power which is internally rectified to provide the needed D.C.
power. Load may refer to the total load on a generator, or an individual load presented by a
particular device, or may refer to the device itself which presents a load. The person of skill
will recognize the meaning of generator and load from the context in which it is used.
[Para 4] As set forth in more detail in MPEP 2111.01 (July 2010 revision is referred to
herein), Applicant, as his own lexicographer, intends the words and phrases used in the
specification and claims to have their plain U.S. English meaning, unless it is clear from the
specification that they have been given a different meaning. When a word or phrase for
example such as a technical word or phrase has a meaning to one of ordinary skill from the
location, context, usage, time frame and/or what is well known in the art to differ from the

plain U.S. English meaning as of the pertinent date, Applicant intends that meaning which is
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known to one of ordinary skill to be used. As set out in MPEP 2182 a patent specification
heed not teach, and preferably omits, what is well known in the art. Thus Applicant further
notes that a meaning of a word or phrase which is well known in the art may not be
specifically set forth in the instant specification other than by this note.

[Para 5] In a facility where a power source provides power to one or more devices which
each present a load or loads to the power source there is a need to determine and control
which and how many loads are connected in order that the total of the loads does not create
an overload. Overloads are generally undesirable in that they may cause deviation from
power output specifications, loss of power, damage or combinations thereof. In the above
power source (generator) examples an overload could cause steam to not be hot enough, or
electric voltage to be too low or have the wrong frequency. Additionally, management of the
creation of power by the power source, as well as the loads connected thereto is desirable
for efficient operation.

[Para 6] A given power source has a maximum load handling capability dictated by the
power generation and delivery path (e.g. pressure, voltage, pipe size, wire size) or a
maximum output (e.g. dictated by the design of the power source and the system it is used
in). For simplicity, devices that may be connected to the power source are often referred to
in the art and herein as loads. For a given group of loads that are available for connection, it
may be desirable to inhibit a particular individual load from being connected to the power
source at a given time (e.g. preventing connection or disconnecting an already connected
load) or during a given time period or to restrict the power supplied to the load (e.g. by
controlling coupling), or the power consumed by the load (e.g. by controlling the load). It
may also be desirable to allow a given load to be connected at a given time or during a
given time period. For example it may be desirable to inhibit the connection of a large load

during times of high load demands, or to allow that load to be connected and operated only
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during night hours when there is ample power available and/or when fuel or energy rates
are cheaper.

[Para 7] One of ordinary skill will recognize from the teachings herein that the inventive
concepts given by way of example may be utilized for many types of power systems,
including but not limited to hydraulic, fluid or gaseous heating, mechanical, thermal, solar,
wind, liquid fuel, gas fuel, solid fuel and combinations thereof. The use of the invention
with various types of systems will be known to the person of skill and in particular by use of
well known correlations between electrical, fluid, chemical and mechanical systems. For
example a voltage in an electrical system correlates to pressure in a fluid system, amperage
to flow rate, wire size to pipe size, switch to valve, etc. While the present invention will be
known from the teachings herein to have applicability to many forms of power sources and
loads the background and teachings will be given by way of example with respect to
electrical generators and loads. The electrical generators used by example often include a
rotating power source and AC alternator combinations and are often referred to in the art as
generator sets, gensets or simply generators as well as by a host of other names which are
frequently specific to the particular type of energy source, power output and/or alternator
used.

[Para 8] The connection and disconnection of power from the power source to the load is
in general controlled by one or more switch and it will be understood that there are many
types of switching mechanisms that may perform such connection and disconnection. When
speaking of switch, switching, connection or disconnection it will be understood that such
action is not meant to be restricted to a particular type of switch or connection unless the
type is specifically enumerated or is apparent from the context. For example when teaching
connecting, coupling or switching power from an electrical generator to an electrical load it
will be understood that the action is performed by an electrical circuit, for example a switch

but the teaching is not otherwise limited to a particular type of electrical switch unless
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specifically enumerated. If the teaching is with respect to controlling the amount of current
or load (as compared to simply switching the current or load on or off) it will be known that
a simple on/off type of switch is not meant and the switch must be some sort which can
control the amount of current.

[Para 9] Often there are multiple types of electrical devices available to be connected to
and powered by the power source. Some devices may simply be turned on and off and some
devices have loads which will vary with time or environment. A maximum load can occur
when all devices are powered at the same time and each device presents its individual
maximum load to the power source. As a simple example, it is possible to turn on all of the
lights and appliances in a house, but that rarely happens. In many systems maximum loads
are rarely presented to the power source and the typical load is frequently much less than
the maximum load. That causes a system design problem because it is necessary for the
power source, in the present example an electric generator, to provide power to the
maximum load to prevent overload but that capability generally makes powering the typical
load inefficient.

[Para 10] By way of background one of ordinary skill will recognize that several factors are
involved in both the amount of power that can be supplied by a power generator and the
amount of power consumed by a particular device which is being powered. The output of a
wind turbine is dependent on the amount of wind and the design of the turbine. A solar cell
array is dependent on the amount of sunlight and the design of the array. An electrical
generator is dependent on the mechanical power available to turn the alternator. For a
typical liquid or gaseous fuel powered backup generator, the maximum output is
dependent on the size of the internal combustion engine, the alternator and its operating
conditions.

[Para 11] With respect to internal combustion engine powered electrical generators the

maximum power available and transferred to a load for a given size generator is generally
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dependent on many factors such as the generator’s internal temperature, ambient
temperature, humidity, altitude and barometric pressure, type of electrical connection (e.g.
voltage and single or multiple phase), power factor of the load, fuel quality, fuel delivery
rate and duration of the load. Generally the internal temperature of the engine is a factor in
determining the safe maximum output of the engine and the internal temperature of the
alternator is a factor in determining the safe maximum current output from the alternator.
Internal temperatures of the engine and alternator are dependent on load, ambient
temperature, altitude, barometric pressure and humidity, among other factors. Engine
efficiency is also dependent on various fuel and air quality factors. A generator can usually
withstand higher currents when it is cool but those currents will soon (often in the matter of
a few minutes) cause additional internal heating which in turn limits the maximum output
current. Electrical generators often have two maximum power ratings, one for generator use
as a backup power source and one for use as a prime power source. The prime power
maximum is usually lower in part due to the continuous operation.

[Para 12] Efficient operation of such generators is usually a consideration in the selection of
the generator which in turn leads to a need for the present invention to manage the load
presented to the generator. As an example, consider the specifications of a Cummins model
GGHE 60 kW electric power generator which includes an AC alternator which is driven by a
6.8 liter V10 internal combustion engine using natural gas as fuel. Electric power generators
of this type are commonly used for backup power in large homes and small businesses to
provide power in the event utility company power fails. Assume for this example that this
generator is chosen to power a home which can present a maximum load of 60 kW to the
generator, but a typical load is only 15kW.

[Para 13] At the full load output of 60 kW the natural gas fuel consumption for this
generator is 24.4 cubic meters per hour (m3/hour). One might think that at ¥4 load this

generator would burn fuel at approximately % of the full load rate or 6.1 m3/hour. That
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assumption is incorrect however because the generator is much less efficient at % load. The
fuel burn rate for a 15 kW load is actually 10.6 m3/hour or about 43% of the full load rate.
Among the several reasons for the inefficiency at lower loads is that the alternator and the
big V10 engine’s entire cooling system must be sized to handle heat output at full load. The
coolant pump is pumping coolant through the engine and radiator, the fans are pulling
cooling air through the alternator, across the engine and blowing air through the radiator
thus performing maximum alternator and engine cooling whenever the engine is running.
This cooling causes a considerable drain of engine power, even though all of that cooling is
not needed for the 15 kW load. Other efficiency robbing factors such as engine friction and
alternator windage are higher than needed for the typical load because of the design to
handle maximum load.

[Para 14] If instead a less expensive Cummins model GGMA four cylinder generator rated at
20 kW were used as the power source, the natural gas burn rate when powering the typical
15 kW load is only 7.6 m3/hour. Using the smaller 20 kW generator is less expensive to
purchase and operate and thus more efficient for the typical load. Unfortunately the 20 kW
generator is unable to handle the 60 kW maximum load, which if connected to the
generator would cause the generator circuit breaker to trip and all power to the load would
be lost. As will be described herein the present invention will find use in such applications
where a generator is unable to power the maximum load which can otherwise be presented
to it.

[Para 15] With respect to the power required by a particular load several factors may be
involved depending on the load type. Several examples of varying load will be briefly
described to aid in understanding the invention. It will be understood that for most devices
the voltage applied from the generator is substantially constant and consequently the
current drawn by the device is proportional to the load on the generator. When the voltage

from the generator is substantially constant the current supplied directly corresponds to the
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power supplied and vice versa and either may be measured to obtain the other as is well
known to one of ordinary skill. Many electric motors have a large starting current for a few
seconds followed by a running current which depends on the mechanical work the motor is
doing. For a motor such as one powering a vacuum cleaner that work depends on the
amount of suction being created at any particular time which in turn depends on the
technique of the person operating the vacuum. Heating appliances such as ovens often
require more current to initially heat up than to maintain temperature once it is heated. This
change is due in part to temperature dependent resistance changes of the heating elements.
[Para 16] An air conditioner will require a large starting current for a few or many seconds
depending on the head pressure of the compressor pump and mass of the armature of the
compressor motor and the moving components of the compressor pump. Once the
compressor is up to operating speed the amount of current necessary to maintain that
speed depends on the head pressure which in turn is partially dependent on the
temperature of the condenser coil which in turn is dependent on ambient temperature and
air density. If a compressor loses power the built up head pressure will take several dozen
seconds or even minutes to bleed off through the capillary tube or expansion valve in the
evaporator and if an attempt is made to restart the compressor before that head pressure
has dissipated the starting current will be very large. If the head pressure is too high it can
cause the compressor motor to stall which in turn will cause one or more circuit breakers to
trip and remove the voltage supply from the compressor, thus care must be taken to not
start the compressor too quickly after it has stopped. This can be an issue when utility
power is lost and a backup generator is started to replace that lost power.

[Para 17] A battery charger used for example to charge the batteries in an electric or hybrid
vehicle or the like, can change its load to the power source based on a variety of factors
including the internal temperature of the batteries and their amount of charge. Generally

the charging current is decreased with increased temperature and as the batteries approach
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full charge. The control of battery charging current, especially in large battery arrays used
with electric and hybrid vehicles and the like is well known in the art. For example U.S.
Patent Application Publication 2010/0134073 assigned to Tesla Motors, Inc. describes an
elaborate manner in which battery charging current, temperature and various other factors
are controlled, which Publication is incorporated herein by reference in respect to its prior
art teachings. It may be noted that by controlling charging current, the maximum load
drawn from the power grid or generator can be controlled.

[Para 18] Tesla Motors, Inc. offers a high power connector which allows its vehicle to be
connected to common 240 volt AC power circuits to charge the batteries. The Tesla Motors
High Power Connector, or HPC includes a maximum current selector switch that is manually
set at the time of installation such that the maximum amount of current which the charger
is allowed to draw from the 240 volt circuit is limited according to the capability of the
circuit connection to the supply. For example if a 40 amp circuit is used, the switch on the
HPC is set to limit the HPC current draw to 32 amps. This is an important feature of the HPC
because even though the charger is capable of operating with a 240 volt, 90 amp circuit for
fast battery charging, many homes only have a 100 amp service connection and thus are
incapable of providing current to the HPC via a 90 amp circuit without risk of overloading
the service and tripping the main circuit breaker.

[Para 19] Returning now to the operation of a system having a variety of loads, in order to
prevent sustained overloads and decrease the possibility of a circuit breaker trip or damage
to a generator, especially those used for backup power, there are prior art systems which
detect when a generator is in an overload condition and switch off loads. This operation is
known as load shedding. Load shedding is well known in the prior art, for example a system
is described in the Rodgers et al. U.S. Patent Application Publication 2005/0116814 which

Publication is incorporated herein by reference in respect to its prior art teachings.
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Paragraphs 70 - 115 are particularly pertinent. Importantly load shedding takes place when
the load is connected and overload detected as described in more detail in this Publication
[Para 20] Load managers for load shedding are commercially available, for example the
Generac Nexus automatic transfer switch used in conjunction with backup power generators
has a load manager option. These devices, which will be explained further below in respect
to Figures 1-3, operate to start a gaseous or liquid fueled backup generator to power
homes and businesses whenever power from the local power company fails and transfer the
load from the local power company to the generator. This Generac transfer switch contains
multiple switches, a main high current switch (e.g. 400 amps) for switching between the
power grid and generator as the source of power for the home or business. It includes
additional low current secondary switches to provide control voltages which are used to
disconnect low priority loads via load managers such as the Generac DLC load control
Module (contactors) when the generator is overloaded.

[Para 21] Most generator engines utilized for North American home backup systems rotate
at 1800 or 3600 RPM, that rotation being coupled to an alternator that provides AC power
at a standard 60 Hz frequency. When overloaded the rotation of the engine slows because
the engine can not produce enough torque to keep the alternator rotating at the correct
speed. The slow engine in turn causes the frequency of the AC power to decrease. The
rotation and corresponding AC power frequency may drop substantially in the presence of a
large overload and the engine and alternator can even attempt to rotate against their
mounts, much like an automobile engine attempts to rotate against its motor mounts
during heavy acceleration. The Nexus transfer switch includes technology which monitors
the frequency of the AC power from the generator and sheds all of the low priority loads
after the generator has been overloaded. Nonessential circuits (low priority loads) are shed
by opening the secondary switches when the frequency of the AC power provided by the

generator drops below 58 Hz (for 60 Hz systems). The secondary switch is used to control a
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circuit to apply or remove voltage to a contactor to control applying and removing a
corresponding load on the generator thereby removing the overload when the contactor is
opened. Importantly this load shedding takes place after the overload happens.

[Para 22] Frequency detectors have tolerances which must be accounted for to avoid false
tripping so there is a tradeoff in the speed of detection of off frequency condition vs. false
detection due to frequency detector error or allowable momentary frequency deviation. For
example if the frequency threshold for disconnecting the load is set at 58 Hz, inaccuracies
in frequency detection may cause an overload to be falsely detected and a load
disconnected when no overload exists. It is possible that a combination of overload, say one
which slows the frequency to 58 Hz and inaccurate frequency detection, can cause an actual
overload to go undetected. Unfortunately the overload, and possibly damage to the
generator or its load, may have already happened by the time the overload is detected.
Despite the various shortcomings in using power frequency as an indicator of generator
overload, it will be understood from the present teachings that this is nevertheless an
inexpensive manner of detecting and removing overloads, as will be taught further in
connection with load limit and load switch operations.

[Para 23] As another example if an oven is turned on at the same time a storm drain pump
automatically starts, it is still possible that the generator circuit breaker will trip before the
overload can be detected and the excess load removed, thus all power will still be lost.
Turning on an oven at night during a storm and having all power go off because the
generator circuit breaker improperly tripped can be extremely troublesome, not to mention
the inconvenience of having to find and reset that circuit breaker. At the least, it is
inconvenient for someone in the home to turn on a device, only to have it or some other
device(s) automatically disconnected from power shortly thereafter. In a home backup
system that device causing the overload might be something that is needed in a timely

fashion such as a medical device, lighting, a cooking appliance, a television, garage door
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opener or other important device. In most situations it would be better to have a non-
essential load such as a vehicle battery charger turned off or limited to prevent any
overload.
Heading

SUMMARY OF THE INVENTION
[Para 24] It will be understood from the present teachings that it is desirable to control the
total load presented to a particular power source to keep that load at or somewhat below
the maximum capability of the power source. Alternatively it may be desirable to control the
total load to keep the power source at or near its optimum power output to achieve high or
maximum efficiency. As part of controlling the load to the power source it is desirable to
connect some or all loads according to a priority. It is also preferred to alert the user that
power is not available to power a particular device and allow the user to decide what to turn
off or leave off than to have the device (and possibly several others) turned off shortly after
it is turned on due to actual or potential overload. If loads are available that may but do not
heed to be connected and operated, it may be desirable to wait and operate them when the
power source is operating well below its optimum efficiency. By waiting an increase in the
efficiency of the operation is achieved with the added benefit of avoiding having to
disconnect loads when the power source is operating at or somewhat below its maximum
capability and an unexpected additional load is applied. Thus at least these two modes of
operation are desired to be provided to facilitate reliability and efficiency, operation at or
somewhat below maximum output capability and operation at, near or closer to optimum
power source output.
[Para 25] It will be understood by one of ordinary skill that short term large loads may be
allowed in that many engine driven alternator systems are designed to permit short term
increases in power output above the maximum power that can be continuously delivered. As

used herein and in the claims, overload means a load that if not disconnected or otherwise
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prevented will either cause a departure from specifications for the power output from the
power source, for example such as a deviation of AC power voltage or frequency for longer
than a specified time period, a loss of power such as from a tripped circuit breaker, or
damage such as overheating or exceeding mechanical stress limits.

[Para 26] When making decisions which are aimed at efficiency, one substantial
consideration is the cost of providing power. If power can be obtained from the electric
utility or elsewhere at lower cost during certain times, for example during the night, the
invention can be utilized to control loads in a manner to best take advantage of the lower
cost power. This can be done while still ensuring that the devices presenting the loads are
available for use at other times if needed. Such use can include the device’s intended
function or use by a user, or as a load to improve power source efficiency. For example a
battery charger for charging an electric or hybrid vehicle or the like can charge the battery
to a given level such as half full, immediately upon being connected. This will ensure the
vehicle is quickly available for use. The remainder of the charging from half to full charge
can be delayed until lower price electricity is available. The delay of the remaining charge
can also be used to boost an under utilized power source such as a backup generator closer
to its optimum output for improved efficiency. Thus it is desired to control a charger to
charge at a given rate as soon as connected until a first level of charge is reached and then
charge at the same or another rate starting at a later time and continuing until a second
level of charge is reached.

[Para 27] The delay of operating a load can be coordinated with maintenance of the power
source to provide a load for the maintenance without wasting power. Most backup
generators are controlled in order that they are operated periodically, with or without a
load, for example 30 minutes every week. This is known as exercising and it helps to keep
fluids circulating, bearings oiled, moisture dried, etc. to improve reliability. A load such as a

battery charger can be delayed until an upcoming scheduled exercising when the battery is
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charged. Alternatively the battery can be charged at a convenient time by rescheduling the
exercising. More generally loads may be supplied with current at a first known amount
(which may be an amount to achieve a particular effect such as charge rate) starting at a
known time (which may be upon connection or a clock time) for a known period of time
(which may be the time to achieve a particular event or a particular clock duration) followed
by one or more known combinations of the above known amount, known time and known
period. As one example, charging a battery at full rate until half full upon connection upon
return to home in the evening then charging at the maximum available current during the
time period of generator exercise followed by charging at a most efficient charging rate
during off peak hours when grid power is cheap with each of the times being terminated
early if the battery reaches full or some other desired charge level.

[Para 28] The invention can also be configured to allow selection of the power source to
power one or more loads from among a plurality of power sources, for example a load can
be powered from a low cost source such as photovoltaic solar cell panels, a wind turbine,
fuel cell, flywheel or powered from the utility company power if there is insufficient sun and
wind or if more power is needed than the solar panel, wind turbine and/or fuel cell can
provide. This operation may be coupled with efficient utilization of sources such as to
charge a vehicle battery as described above. Changing to other power sources can be
accomplished by any means or method known to the person of ordinary skill, e.g. via
transfer switch, parallel input connections to the load, parallel power sources.

[Para 29] The invention described herein allows efficient matching of a total load made up of
individual loads to one or more power sources without overloading the power sources. The
present invention will allow sizing of power sources to accommodate less than the
maximum possible load and can prevent overloading of the power source by preventing a
load which would otherwise immediately cause or which could lead to a future overload

from being connected or alternatively by restricting the power supplied to that load and/or
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others. This operation is achieved by the intelligent connection and disconnection of
individual loads as well as the control of the power drawn from power sources by connected
individual loads and/or control of power supplied to connected individual loads as will be
described in more detail below.

[Para 30] Most commercial generators are well characterized for operations under various
conditions, including but not limited to loading and environmental conditions, and the
maximum available output power is known for any particular set of such conditions. The
present invention is preferred to sense one or more of the various conditions which affect
that maximum available output power and use those conditions along with the
characterization of the generator to determine precisely what that maximum available
output power is at a given time, what the expected available power will be at one or more
times in the future as well as the present and future effect the connection of a particular
load may have on available power. In that fashion the present invention can select loads to
be connected to the generator or other power source to power the maximum number of
loads and/or to operate nearer to or achieve optimum efficiency while at the same time
monitoring the present and expected future load thus ensuring that the generator will not
be overloaded instantly or during the duration of any particular connection.

[Para 31] The description of the preferred embodiment of the invention herein is made by
way of example as an improvement to an electrical backup generator system to provide
power to a typical home or small business in the event power from the power grid (i.e. the
municipal utility power or street power) is lost. The preferred embodiment may also be
utilized with more than these two (grid and backup generator) power sources, for example
wind and solar power sources may be incorporated with grid and engine driven power
sources. It will be understood to one of ordinary skill from the teachings of the preferred
embodiment that the invention as herein described is not limited to the particular

embodiment and the invention may be practiced in a manner to be utilized with other types
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and combinations of power sources and loads to achieve a desired level of performance for
a particular system.

[Para 32] The elements and steps of the preferred embodiment are preferred to be
implemented with electronic circuitry as will be well known to one of ordinary skill from the
present teachings. As used in the description of the preferred embodiment, circuit is meant
to be an electric or electronic circuit unless it is clear from the context that it is another type
of circuit. Descriptions of, and nomenclature pertaining to, elements of the invention are
given in respect to nhames of electrical and electronic devices or operations (e.g. switch,
generator, processor or processor circuit, power grid, solar panel, wind turbine, fuel cell,
communications, communications channel, interface or interface circuit) or a descriptive
nhame of a function performed with respect to some device or condition (e.g. load monitor,
generator monitor, load control, load switch, communications link) all as are well known to
one of ordinary skill from the teachings of the preferred embodiment of the invention and
context of usage. In some instances the name of the device is also descriptive as will be
well known to one of ordinary skill.

[Para 33] The invention described herein is preferred to utilize intelligent timing for
connecting and disconnecting of loads to one or more power sources including control of
power supplied to or demanded by the loads in order that the total load on any one power
source is kept at or below the maximum output capability of that power source, or
alternatively at or near an optimum efficiency level, which may be at or below the maximum
capability. The decision making used by the preferred embodiment of the invention for
connecting, supplying and/or controlling a particular load to the power source is preferred
to be responsive to the capabilities of the power source and the type of load to be
connected (including one or more parameter of each), the priority or importance of the load
to be connected, the timeliness of the load connection, environmental parameters which

affect the power source and loads and the input of one or more persons desiring to use a
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device presenting a particular load. As used herein and in the claims parameter means a
guantity of one or more property or attribute (e.g. of a device, physical property, substance
or environment) which is treated as a constant. A parameter may at times change or be
adjusted. Examples of parameters of interest herein include various horsepower, mechanical
load, temperature, pressure (including altitude), humidity, power, wattage, voltage, current,
including maximums, minimumes, safe, starting, limited, instant, real time, near real time
and timely. Quantities pertaining to parameters may be in analog or digital form and
expressed as numbers which are suitable for use by the device(s) using or responsive to
such parameters.

BRIEF DESCRIPTION OF THE FIGURES
[Para 34] Figure 1 shows a simplified flow chart of a prior art transfer switch and generator
controller having elements 1-11.
[Para 35] Figure 2 shows a simplified circuit diagram of a prior art power backup system
having power grid 12, generator 13, generator and transfer switch controller 14, transfer
switch 15a, load main panel 15b, load sub panel 15c and loads 16-20.
[Para 36] Figure 3 shows a simplified circuit diagram of a prior art power backup system
having power grid 12, generator 13, generator and transfer switch controller 14, transfer
switch 15, loads 16-20 and load manager elements 14a.
[Para 37] Figure 4 shows a simplified circuit diagram of a power backup system which
incorporates a first embodiment of the present invention, the system having power grid 12,
generator 13, transfer switch 15, loads 16-20, optional environmental, user & misc. sensors
21, load switches 22a-22c, load monitor 23a, generator monitor 24, load control 25a and
communications links 26a - 26¢, 27b and 28a and optional communications links 27a, 28b

and 28c.
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[Para 38] Figure 5 shows a circuit diagram of load control 25a with communications links
26a - 26N, 28a, 30, 31, 32, optional communications link 28b, interfaces 29a, 29¢c - 29h,
optional interface 29b and processor circuit 33a.

[Para 39] Figure 6 shows loads 16 -18, load switches 22b & 22c, load monitor 23b,
communications links 26a - 26¢, 36, 40a, optional communications link 38, 40b, interfaces
29i - 29k, 35, switches 34, and user input and user feedback module 39. Figure 6 also
includes Load Limit 43 having current control circuit 44.

[Para 40] Figure 7 shows user input and user feedback module 39, display 41 and user input
keys 42a - 42c.

[Para 41] Figure 8 shows a simplified circuit diagram of a power backup system similar to
Figure 4 which is a more elaborate embodiment of the present invention, the system having
power grid 12, generator 13, transfer switch 47, loads 16-19 and 48, environmental, user
& misc sensors 21, load switches 22b and 22c¢, load monitors 23a and 23c, power source
monitor 49, load control 25b, communications links 26a - 26¢, 27a, 27b, 27d, 28a, 28c,
45, 46, optional communications links 27c, 28b, load limit 43 and third power source 50
having power output via 51.

[Para 42] Figure 9 shows a more detailed circuit diagram of load control 25b with
communications links 26a - 26N, 28a, 30, 31, 32, 45, 46, optional communications link
28b, interfaces 29a, 29c - 29j, optional interface 29b and processor circuit 33b.

[Para 43] Figure 10 shows a simplified diagram of the embodiment of Figure 8 which
includes elements 12, 13, 16,17, 18, 19, 22b, 22c, 25b, 26a, 26b, 26c¢, 27a, 43, 45 and 47
as in Figure 8. Figure 10 also includes elements for recovering heat from generator 13
including heat exchangers 52 and 53, electrically controlled valves 54 and 55, valve control
circuits 56 and 57, generator heat supply 58, generator heat return 59, domestic hot water
supply 60, cold water supply 61, radiant heat supply 62, radiant heat return 63, domestic

heat temperature sense link 64 and radiant heat temperature sense link 65.
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[Para 44] Figure 11 shows a simplified diagram of a combination load and power source
which the invention may be utilized with including battery 68, battery charger 66, DC to AC
inverter 67, connection to transfer switch output 71a, communications connections to load
control 69 and 70.

[Para 45] Figure 12 shows a simplified diagram of an embodiment of the invention which is
used with an energy storage battery 68 and optional generator 72 communicating with load
control 25b via optional communications link 73 with battery 68 usable as a backup power
supply in the event of a power grid failure. Figure 12 includes power grid 12, loads 16-19
and 48, load control 25b, load switches 22b and 22c, load limit 43, communications links
26a - 26¢, 45 and 46 and transfer switch 47, as in Figure 8 and including battery 68,
communications links 69, 70 as in Figure 11. Battery charger 66 the same as in Figure 11 is
connected to the output of the transfer switch 47 via 71¢, and DC - AC inverter 67 the same
as in Figure 11is connected to an input of transfer switch 47 via 71b.

[Para 46] Figure 13 shows a simplified diagram of a combination of load coupler 80 shown
by example configured with typical air conditioner load 18 for coupling the load to the
power source, in this example power from the transfer switch. Load coupler 80, described
further with respect to Figures 14 and 15, may be utilized for an implementation of any of
the load switches 22 if desired and communicating with load control via link 26¢. Load
coupler 80 may also be configured with a current control circuit 44 (not shown), with or
without a relay, to be utilized as a load limit 43 for those types of loads which may utilize
controlled current, as described herein.

[Para 47] Figure 14 shows a detailed diagram of the preferred embodiment of load coupler
80 of Figure 13 having current sense 23d, relay 34 which may be latching or simple type,
optional current control 44, relay position circuit 79, battery & charger 74 responsive to
power from the transfer switch to provide backup power 75, wireless communications link

circuit 29k receiving backup power and coupled to antenna 76 (which may be internal or
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external to 80) to communicate wirelessly with load control via channel 26c. Also shown is
microprocessor circuit 37 powered by backup power 75 and responsive to current monitor
shown as sense 23d, transfer switch power voltage monitor 78, and relay position circuit
79, with 37 controlling relay 34 and interfacing with wireless communications link 29k and
user interface 77 which may also receive backup power 75 if desired.

[Para 48] Figure 15 shows a commercially valuable embodiment of load coupler 80 which is
physically separated into two sections, a high voltage section 80H and a low voltage section
80L having multiple and various circuit connections 82 for connecting internal circuits of
each section to the other and/or external devices. High voltage section 80H is configured to
controllably couple power from the transfer switch to a load 18 shown by example as via an
externally controllable latching or simple relay 34 having relay position circuit 79, section
80H further including current monitoring shown as sense 23d. Figure 15 also shows a
power supply 81coupled to the power from the transfer switch, the power supply providing
power, which is preferred to be a lower voltage safe for human contact, in response thereto.
Figure 15 section 80L includes a battery and charger circuit 74 to receive AC (or DC) voltage
from an external source 81 to provide regular and backup power 84 preferably made
available to external devices via one or more connection 82, the battery and charger circuit
74 also providing regular and backup (DC or AC) power 75 (hereafter referred to as backup
power) for internal use in 80L, a microprocessor circuit 37 is powered by backup power 75
and responsive to current sense 23d (located in 80H), voltage monitor 78 (from transfer
switch power via supply 81) and relay position circuit 79 with microprocessor circuit 37
operative to provide control signals 85 via external connections 82 and with microprocessor
circuit 37 also operating to control relay 83 which relay has connections 82 for external
circuits. Connections to some external circuits are preferred to be protected via protection
devices (circuits) 86. Microprocessor circuit 37 further interfaces with wireless

communications link 29k (which is powered by backup power 75) having antenna 76 and
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operating to communicate with load control(s) via wireless communications channel(s) 26c.
Microprocessor circuit 37 is also coupled to user interface 77 (which may receive backup
power 75 if desired) and to connections 82 via protection device 86
[Para 49] Figure 16 shows a further embodiment of a load limit 88 controlling an oven 16
wherein a load control 25c responsive to the input power via 87 is incorporated with 88
along with a current control circuit 44 and current sense 23d.
[Para 50] Figure 17 shows a further embodiment of a load switch 89 controlling a clothes
dryer 17 wherein a load control 25d responsive to the input power via 87 is incorporated
with 89 along with contactor 34.
[Para 51] Figure 18 shows the further embodiment of load control 25c including a
transformer 81 responsive to the input power via 87, a power supply 74, frequency
measurement circuit 90 responsive to the frequency of the incoming power, user display 90
for displaying messages to a user, user input 92 by which a user inputs information and/or
commands, timebase 93 facilitating timing measurements, current measurement circuit 95
responsive to 23d, switch / limit driver 94 coupled to current control 44 (or alternatively
34).
Heading

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
[Para 52] Figures 1-3 provide background for understanding of prior art electrical power
backup power systems as they pertain to the present invention. One of ordinary skill will
already know these systems and the Figures 1-3 are simplified to aid in understanding
some of the shortcomings of the prior art which are overcome by the present invention. As
just one example, it will be known that the connections shown in the various Figures 1-3
(and 4-18) often represent a plurality of actual circuits, such as the connection from the
utility power grid 12 which may entail several conductors ranging from three for a single

phase system to six or even more for multiple phase systems.
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[Para 53] Figure 2 shows a prior art power backup system to power some of the loads 16-20
utilizing a service connection to a power grid 12 as the primary power source and a
generator 13 as the backup power source. For the examples herein the power grid is subject
to loss of power or power fluctuations (e.g. brownouts) and supplies power where the cost
of the power varies from time to time. Generator 13 is used in the prior art and preferred
embodiment examples with respect to an electric power generator having an internal
combustion engine powering an alternator. It will be understood that power sources, loads
and other elements of the described systems of the present disclosure have various
parameters associated with them. Some parameters for example are the maximum output
power of a source, which maximum output may change from time to time, the power output
(e.g. timely, current or at the present time power output) of a source, the maximum power
consumption of a load which maximum consumption may change from time to time, and
the power consumption (e.g. timely, current or at the present time consumption) of a load.
Such parameters may be a singular parameter for example such as a maximum voltage,
wattage or current, or a plurality for example such as voltage and power, may include other
factors such as a time or environment related factor, such as a maximum current at a given
temperature or for a limited time. Load parameters, e.g. expected or maximum watts or
current consumed by a load, and maximum output power parameters, e.g. maximum watts
or current that can be provided by a power source, are of particular importance herein.
[Para 54] In typical installations the power grid 12 is connected via a service connection to
the transfer switch 15a and distribution panels 15b and 15c all of which have a maximum
rating. The service connection has a circuit breaker to prevent the total of the loads being
powered (i.e. the total load) from exceeding that maximum rating of the service connection.
In particular there is a circuit breaker (known as the main breaker) located on the power grid
service, usually at the power meter, which will be known to disconnect all power to the

transfer switch 15 and main panel 15b if it trips. There will also be a circuit breaker located
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in the generator 13 to disconnect all power from the generator when it trips. Obviously,
having either of these circuit breakers trip is a serious inconvenience, especially if it
happens when there is nobody available to reset the breaker, or during a storm, at night or
other inconvenient time. Additionally each panel has circuit breakers which will trip and
protect individual loads if too much current is consumed.

[Para 55] It will be understood that generator 13 is intended to also represent other power
source devices to provide power in a desired form from power in another form or from
stored energy. Generator 13 may for example be a wind turbine, solar panel, fuel cell,
flywheel, battery, water, wind or steam turbine and may incorporate a DC to AC inverter
circuit, generator or alternator to provide electricity if that is the desired output. Stored or
collected power may come from gaseous, liquid and solid sources (e.g. fuels) such as
hydrocarbons like natural gas, gasoline and other petroleum or solid hydrocarbons like coal,
biomass sources, water power such as tides, waves and reservoirs, wind, sunlight, chemical
and nuclear energy such as batteries, fuel cells, reactors, mechanically stored energy such
as stored heat, flywheels, weights and compressed gas, and other forms as will be known to
one of ordinary skill. Some devices may be both power sources and power loads, and store
energy which may be converted back to AC (or DC) power to provide backup power, heating,
to store in another form or to sell back to the electric utility. For example in respect to
battery storage of energy, it is noted that the batteries in an electric or hybrid vehicle or the
like may be used as both loads and power sources.

[Para 56] When used with a primarily electrical circuit, generator will mean an electric
generator which is compatible with that type of electrical circuit. Names such as electric
generator (which primarily outputs at least electric power), AC generator which primarily
outputs at least AC electric power), steam generator (which primarily outputs steam power),
solar panel (which uses solar energy as the source of output power), fuel cell (which uses

liquid or gaseous fuel and a chemical reaction in a cell to output power), electric solar panel
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or electric fuel cell (which additionally mean to output electricity). As an example of the type
of generator being known from context, a generator which provides power to a transfer
switch and thereby provides backup power in place of an electric power grid which has
failed, will be understood from the context (i.e. to replace electric power) to be an electric
power generator. Generally the type of device being referred to in the specification and
claims will sometimes be specifically named, but when not specifically named will be
generically named (e.g. generator) and if intended to refer to a specific device that device
will be apparent from the context. As just one example, transfer switch may be any type of
switch, e.g. electrical, gaseous (e.g. steam) or hydraulic but if used in an electrical system to
transfer electric power will be known to be an electrical type of switch and if used with a
steam system to transfer steam power will be known to be a gaseous type of switch, e.g.
valve. The teachings herein with respect to the preferred embodiment of electrical systems
will nevertheless be understood to be applicable to other types of power systems.

[Para 57] Figure 2 shows a simplified diagram of a prior art backup generator system of the
type the preferred embodiment of the invention may be used with. Electrical power from
power grid 12 is normally supplied via transfer switch 15a and main load panel 15b and
load sub panel 15c to a home which consists of a group of electrical loads consisting of an
oven 16, clothes dryer 17, air conditioner 18, selected lights 19 and selected miscellaneous
load items 20. It is noted that the load 19 labeled lights is intended to represent high
priority loads which are desired to always be connected to the power ource including for
example security lights, high priority lights, food storage appliances such as freezers and
refrigerators, various alarms including intrusion and fire alarms, etc. A generator and
transfer switch controller 14 is responsive to the grid power to control the setting of the
transfer switch 15a to select either grid power 12 or generator power 13 to power the
home, and to start and stop the generator 13 as needed. As is conventional in the art,

transfer switch 15a is a break before make switch to prevent it from simultaneously
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connecting both inputs (on the left) to the output (on the right) while switching and is
shown with a dashed line connecting the moving portion, which will be referred to herein as
the swinger, to communicate with 14 to indicate that the switch is controlled by 14.
Practical devices called transfer switches incorporate both15a and 14, and sometimes 15b
and/or 15c in a single metal enclosure. It is noted that Figure 2 is a simplification for
purposes of explanation of operation and one of ordinary skill will know that in practice
prior art transfer switch 15a, panels 15b and 15c and the controlling mechanism will be
much more elaborate and may incorporate solenoids, relays and multiple sets of contacts as
well as mechanical safety and lockout features.

[Para 58] While Figure 2 shows a direct connection from the power grid 12 to the transfer
switch 15a, it is common that that connection is taken from the main panel 15b which will
include a power meter, circuit breakers and possibly other circuitry. Typical maximum
service ratings for homes are set by the size of the wiring from the grid to the home and
typically rated at 100, 200 or 400 amps depending on the size of the home. Similarly the
generator connection via the transfer switch 15a and sub panel 15c will have a maximum
rating, and the generator has a circuit breaker to prevent the total of the loads being
powered from exceeding that maximum rating. Typical maximum ratings for backup
generators are often substantially less than the service rating for the grid connection. To
prevent the generator from being overloaded backup systems often include the distribution
sub panel 15c and only high priority and low current loads such as 19 and 20 which are
needed whenever the power is lost and whether the home is occupied or not are connected
to that sub panel and powered by the backup generator. The rest of the high current loads
which the generator is not capable of powering are connected to the main panel 15b and
remain unpowered while the grid power is off and the backup generator is running. While
transfer switch 15a, main panel 15b and sub panel 15c are individually shown in Figure 2,

for purposes of simplifying the descriptions below main panel 15b and sub panel 15c will
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not be shown and the transfer switch will be labeled as 15. One of ordinary skill will know
that one or more distribution panel will be required for the systems described, even though
they are not shown in the drawings.

[Para 59] Power grid is used herein in its common and ordinary meaning and refers to any
commonly known and used sources of electrical power to homes and businesses, e.g. public
and private electric utility companies. While such companies normally are part of a continent
wide interconnection of power companies, that does not need to be the case. Further, while
the preferred embodiment of the invention described herein with respect to a system having
a power grid connection, it may also be practiced with only one power source such as
generator 13, or with a plurality of power sources with none of them being a power grid.
Such embodiments will find particular use where no power grid is available or is not desired
to be used such as in transportation vehicles, mobile or remotely located applications.

[Para 60] Electrical device (or load) names oven, clothes dryer, air conditioner and lights are
used in their common and ordinary meaning e.g. electrically powered devices found in the
home. The miscellaneous electrically powered devices (or loads) found in the home, include
but are not limited to entertainment devices, appliances and other modern, electrically
powered conveniences. It will be understood that load devices are used herein by way of
example and it will be understood by one of ordinary skill that the inventive teachings
herein will apply to other devices as well.

[Para 61] Generator 13 usually includes a rotating power source, typically an internal
combustion engine powered by a liquid or gaseous fuel, or a turbine powered by steam or
water power, an electric motor powered by storage batteries, a flywheel powered by stored
energy, a hydraulic motor powered by a compressed gas or a fluid stored with potential
energy, or numerous other types of rotating power sources which convert mechanically or
chemically stored energy to mechanical rotation as is known to one of ordinary skill. In

addition the rotating power source is typically coupled to an AC alternator (as compared to
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a DC generator) to provide AC power of the same voltage and phase configuration as that
received from the power grid. In the U.S. the common power for homes is 240 volts single
phase and will often be used in the examples of the Figures but it will be understood by one
of ordinary skill that the invention may be utilized with many other power configurations.
[Para 62] The transfer switch 15 and the generator and transfer switch controller 14 are also
somewhat simply referred to in these teachings. The transfer switch transfers power from
the generator to the loads in the house in place of the failed grid power. The generator and
transfer switch controller 14 controls starting and stopping of the generator and the
position of the transfer switch. These elements are divided in this manner for ease of
understanding the prior art and the present invention. This usage is somewhat different
from the common use of these names in the art, wherein transfer switch generally refers to
a device incorporating the generator and transfer switch control circuitry 14 (and often
other circuitry) as well as the switch 15a to transfer the load from one power source to the
other. In some instances, such as the previously mentioned Generac device, one or more
additional switches are included to disconnect low priority loads during generator use. For
ease of understanding the present invention these are all simply referred to herein as
transfer switch numbered 15, and the controls for the switch and generator (and possibly
other devices) are numbered 14.

[Para 63] Some backup systems operate to supplement power supplied by the power grid
during heavy peak usage times such as very hot summer afternoons when the power grid
approaches its maximum capability due to widespread use of air conditioning. In these
instances the grid power may still be available but the generator is used to power some or
all of the house loads, or the generator power may be synchronized to and paralleled with
the power grid to provide part or all of the power to the house loads. When the house load
is very small such paralleled generators may feed power back into the grid to in effect sell

power to the utility company by causing the power meter to run backwards. These
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operations require a more complex control, transfer switch and generator operation than
shown in Figure 2. The inventive concepts disclosed herein will also be useful in such
systems. It will be recognized however that in such paralleled systems when the power grid
fails it is important to disconnect the power grid from the generator in order to prevent
damage to the generator or possible harm to workers who are repairing the grid failure.
[Para 64] Figure 1 shows an abbreviated flow chart of the decision making process of the
generator and transfer switch controller 14. Processing steps are represented by rectangles,
input/output steps by parallelograms, conditional or decision steps are represented by
diamonds and flow directions are shown by arrows. Basically the flow chart operates to
start the generator and move the transfer switch to the generator when the grid power fails.
The decision making starts at start 1, followed by sensing the grid power 2 to obtain
information about the quality of the power, followed by a decision step 3 to decide if the
quality of the grid power is sufficient (e.g. the power is on and within the range of expected
voltage). If the power is on a next decision step 4 is entered to determine if transfer switch
15 is in the position to supply grid power to the home, if so the decision making returns to
2 and if not the transfer switch 15 is moved to the grid power position in 6. The loop
normally remains in operation until the grid power goes off causing the timer off step 5 to
be entered from decision 3.

[Para 65] If the grid power remains off for 5 seconds the process continues to the generator
running decision 7. If the generator is not running it is started in 8 and another 5 second
delay 10 is entered. At the end of the 5 second delay the process returns to the input of 7
to verify that the generator is running, if not another start is performed and if the generator
is then running the process continues to check the transfer switch position in 9. If the
transfer switch is in the position to provide generator power to the house the process

returns to 2 to continue sensing grid power to see if it has returned to normal, and if the
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transfer switch is not in the position to power the house from the generator it is switched in
step 11 and then the process returns to wait for sensing the return of grid power 2.

[Para 66] Compared to an actual prior art device the flow shown in Figure 1 and
accompanying description above is greatly simplified for convenience of understanding the
basic operation of the system of Figure 2. For example for simplicity no step to stop the
generator is shown, nor is the exit from 5 shown if power does not stay off for 5 seconds.
Many additional steps, checks and considerations are usually found in commercially
available systems to recognize and accommodate the many possible modes of short and
long term power failure and to protect the generator. Such steps include for example a
periodic (e.g. once a week) start and exercise of the generator and transfer switch to
improve reliability and a delay in shutting down a generator which has been running in
order to allow it to cool down without a load being applied. The timers 5 and 10 are greatly
simplified and usually involve many other decision making subroutines and branches to
avoid false starts of the generator during momentary power glitches and to allow the
generator to attain proper speed, corresponding to proper AC power frequency and voltage,
before confirming that it is running.

[Para 67] It will be understood from the description of Figures 1 and 2 that when power
from the power grid is lost, the generator 13 is started and when it is operational the
transfer switch 15 is moved so the power from 13 is coupled to the loads 16-20.
Importantly, the generator 13 must be designed so that it is capable of powering all of
those loads when they are simultaneously turned on, otherwise the generator will be
overloaded and its internal circuit breaker will trip. In extreme cases of overloading the
generator may be damaged before the internal circuit breaker can trip. Often generators are
intentionally designed to only provide power to handle a part of the total load, and the
occupants of the house must remember not to turn on certain large loads, for example the

air conditioner and oven, which would cause an overload. In addition, if those large loads
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are on at the time when power is lost, the occupants must quickly turn them off before the
generator is started and transfer switch moved to prevent an overload. This all presents a
substantial possibility of generator damage resulting from human error.

[Para 68] Figure 3 is a simplified example of an improved prior art version of the backup
system in Figure 2 which provides power to a group of loads, including a set of uncontrolled
loads and a set of controlled loads which may be simultaneously switched off if the
generator becomes overloaded. After the controlled loads are simultaneously switched off
they may then be automatically (and blindly) switched on in a sequential fashion according
to priority, each additional load being switched a time period (e.g. 3 minutes) after the
previous one. The previously mentioned Generac Nexus LTS Load Shed system is
representative of a system of this type. Figure 3 additionally includes load managers 14a
which are contactors to switch the high current load on and off in response to a control
signal. A contactor is essentially a high current relay which switches the load completely on
or off. The Generac DLM Load Control is a contactor of this type with a control input which
is wired to and controlled by the Generac Nexus system. If during the reconnection
sequence a certain priority load again overloads the generator (e.g. it is blindly switched on
without knowing if it will again cause an overload), that load and all lower priority loads are
disconnected for a period of time (e.g. 30 minutes) before the connection is tried again.
When grid power is available the generator & transfer switch controller 14 operates (via
control signal connections shown by arrowed lines) all of the load managers 14a connect
their respective loads.

[Para 69] When the generator is running, the generator & transfer switch controller 14
operates to detect that the generator 13 is overloaded (by sensing the frequency of the AC
power produced by the generator) and causes all of the load managers 14a to
simultaneously disconnect their respective loads from the generator. Shedding the

nonessential circuits when the generator is overloaded helps protect the generator of Figure
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3 as compared to the system of Figure 2, however there are shortcomings in this approach.
For example by detecting the power frequency the generator must already be overloaded to
the point of not being able to supply enough rotating torque to the alternator to maintain
proper speed. Short term speed variations resulting from momentary loads such as electric
motor starting currents must also be accommodated. Most generators can handle
significant excessive output currents for short periods of time and that is useful in
providing large starting currents for motors, for example such as those required for starting
air conditioner compressors. These large starting currents normally go away after a few
seconds when the motor armature and its mechanical load have been accelerated to
operating speed. Additionally, as will be recognized from the teachings herein, in some
circumstances which will be described more fully below, it is unnecessary to simultaneously
disconnect all of the low priority loads or to blindly reconnect them.

[Para 70] Accommodating such momentary high currents is common in the circuit breaker
art, where circuit breakers are designed to trip according to a programmed load vs. time
curve. For example a particular 10 amp breaker will trip with a 12 amp load after 30
seconds, may support a 15 amp load without tripping for 5 seconds, but will trip very
quickly with a 20 amp load. Various thermal and magnetic technologies are utilized for such
circuit breakers. For example a bimetallic strip may be used to trip with slightly high
currents after those currents have persisted for enough time to cause the strip to heat and
bend whereas an electromagnet is used to quickly pull a latch to disconnect for large
currents. A generator will often have such a circuit breaker installed for protection. It is
important that loads presented to the generator do not exceed the circuit breaker’s load vs.
time curve causing it to trip. Most such circuit breakers used in backup generators for
homes and small businesses have to be manually reset.

[Para 71] The use of AC power frequency detection for control of load shedding is

problematic. If the frequency detection is too sensitive unneeded shedding may occur, or if
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it is not sensitive enough, slow or no load shedding may occur with the possible result of
the generator’s circuit breaker tripping thus removing all power. A one size fits all
frequency threshold used to cause complete disconnect of the load from the generator may
allow overheating or other damage to the generator 13 under some combination of time
and load conditions. It is preferred that the present invention control of the load shedding
be desighed to accommodate varying loads of connected loads, determine if a load can be
safely powered before the load is connected and otherwise operate such that it prevents an
overload from happening, rather than attempting to detect and cure the overload after it
has happened.

[Para 72] Another problem occurs when the transfer switch first switches from the power
grid to the generator with too many loads connected. A similar condition exists when a
connected load instantly or quickly increases its individual load causing the total generator
load to exceed the generator’s capability. In such situations if the generator has been sized
such that it can not simultaneously power all of the loads which are connected, it will
immediately go into overload. Depending on how fast the detection of the condition and
disconnect of the loads takes the overload condition can continue for several seconds, or
possibly even minutes. Most generators are designed to accept an instant 0 to 100% of its
rated load change without damage (although not without serious speed and voltage
fluctuations), however they may not be designed to accept an instant O to overload
condition change which can happen when switching from grid to generator power, or a
partial to overload condition which can happen when a connected load suddenly changes.
Such overload conditions may damage the generator or, as with any closed loop system,
cause the generator to become unstable, possibly even going into speed and/or power
output oscillations if proper linearity and/or damping does not exist to make the loop

stable for that overload condition.
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[Para 73] The following Figures 4-18 are simplified diagrams given by way of example to
enable one of ordinary skill to understand and practice the invention in small backup power
systems, defined herein as those used for an individual home or business with a single or
multiple phase service connection of 440 volts or less and 400 amps or less. It is often
desirable to utilize a backup generator which is only capable of providing power for part of
the maximum possible load which can be presented. In respect to Figures 4-18 the
following brief descriptions will be useful. More detailed descriptions of these and other
elements will be understood from the teachings below.

[Para 74] Environmental, User & Misc. Devices 21. User interface, e.g. an iPad or computer
type display with interactive software, Environmental Sensors e.g. for home & outdoor such
as temperature, sunlight, humidity, wind, generator operating conditions, Misc. Devices e.g.
vehicle and battery sensors (e.g. usage time and distances, charge, temperature) appliance
sensors (e.g. wine cooler, freezer and oven temperature), vehicle battery charger and
battery, communications (e.g. telephone, internet, wireless, alarm), motion sensors to
detect when areas of the property, particular rooms, or the home are vacant or occupied.
[Para 75] Power Source Monitor 49 and Load Control Processor 25b. The Power Source
Monitor is preferred to be a separate module because of its need to monitor the power
source(s) outside the home but may be part of the load control processor. The Power Source
Monitor may be installed at the backup power source and monitors its operating parameters
and conditions which may affect its operation, for example such as ambient temperature.
The load control processor is the computing unit of the system and may be part of the user
interface (e.g. iPad) which is preferred to be located in the home but may also be part of
other equipment. The load control processor receives information about the various
components of the system, receives user input, inputs from various monitors and sensors
(including a time clock) and controls the Transfer Switch, Generator and Loads according to

various pre-programmed parameters and those inputs.
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[Para 76] Load Modules 43, 22b, 22c. Modules which communicate with the load control
processor and which may provide information about the load, the load’s environment
and/or operate to permit control of the load. Load Modules include Load Limit Modules and
Load Switch Modules.

[Para 77] Load Limit Module 43. Load limit modules limit the load presented by various
devices by e.g. current limiting, power factor adjustment and/or time modulation of current.
Load Limit Modules may include load condition sensors such as voltage, current and power
factor sensors and the type of load operation for communication to the load control
processor.

[Para 78] Load Switch Module 22b, 22c. Load Switch Modules switch power to loads on and
off. Load Switch Modules may include load condition sensors such as current sensors and
the type of load operation for communication to the load control processor.

[Para 79] Controllable Load(s) 48. These are loads which may be controlled directly without
the need for a Load Module. Examples include electronically controlled devices such as
heating and air conditioning systems, vehicle battery chargers, light dimmers & remotely
controlled lights and internet and wirelessly controlled appliances.

[Para 80] Communications between the various system components 27, 28, 45, 46 may be
wired or wireless. For ease of installation are preferred to be via bidirectional wireless data
links, for example such as via IEEE Std. 802.1X. For those elements which communicate in
one direction the associated receiver or transmitter circuitry may be omitted.

[Para 81] It will be understood that many elements that are necessary for an actual system
have been omitted as they will be readily known to the person of ordinary skill from the
present teachings. Additionally many inventive features and elements which are described
with respect to one Figure will not be shown in another Figure but it will be recognized from

the teachings herein that such omitted features and elements may still be incorporated.
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[Para 82] Figure 4 shows a simplified diagram of the preferred embodiment of the invention
in which the power grid 12 or a generator 13 may power a group of loads including set of
uncontrolled loads and a set of individually switched loads. The invention may be utilized
with the power grid alone, the generator alone, both, or with the generator serving as a
backup during power grid failure. Heretofore overloads of the power grid service has
typically been addressed by making the service, transfer switch and distribution panel(s)
large enough to handle the maximum load that can occur. While that approach works well it
is nevertheless expensive due to increased equipment costs and may become unworkable in
the future. For consumers wishing to purchase electric and hybrid vehicles, having to
upgrade their existing electric service to accommodate one or two vehicles and their
associated high current chargers operating at the same time is an additional and costly
consideration for such a purchase. In some instances the public utility may not be able to
provide enough power via the existing grid to upgrade existing service and provide new
service to everyone desiring such capability. Accordingly while using large service
connections has worked well in the past, with the demand created by electric and hybrid
vehicles may not allow larger capability service which effectively prevents overload from
being used.

[Para 83] As an example, consider a family that wishes to purchase two new electric vehicles
of the kind that could each use a 90 amp 240 volt charger circuit. If both drivers work
during the day and wish to charge their vehicles when they come home from work that
presents a substantial load to the electric service. Two of these circuits added to an existing
100 amp service would trip the service breaker if both chargers were simultaneously used. If
only one charger was used any other high power load such as an electric stove or oven or
air conditioner would trip the service breaker. Similar problems would exist for a 200 amp
service. Upgrading to a 400 amp service would be costly, and might not even be possible if

the utility company does not have an adequate transformer and grid wiring to the house.
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The present invention will operate to intelligently manage the loads and prevent tripping the
service breaker while at the same time allowing the family to set priorities for the use of

power that can be safely delivered.

[Para 84] It is desired that the invention operate to ensure that the loads are controlled so
that they do not overload the power grid service connection when power is provided by the
power grid, or overload the generator when power is provided by the generator. One of the
inventive features of the invention is that it may be determined whether or not an overload
will occur, or is likely to occur at the time of connection or subsequently during that
connection, before a load is connected. The inventive features of the preferred embodiment
are described herein primarily in respect to preventing overloads of the generator 13 but it
will be understood from these teachings that the invention may operate as well to prevent
overloads to the power grid service connection. This feature of the invention will not only
reduce possible damage or circuit breaker tripping during generator operation but will also
reduce possible damage or circuit breaker tripping during power grid operation.

[Para 85] Figure 4 has the same power grid 12, generator 13, transfer switch 15 and loads
16-20 as with Figures 2 and 3. Generator and transfer switch controller 14 is not shown in
Figure 4 for simplicity, however it is preferred that load control 25a communicates with
either the 14 or 15 in order to verify the position of the transfer switch. In addition Figure 4
shows load monitor 23a to monitor the load on the generator (which is also the power
supplied by the generator) and the timely power output from the generator is conveyed to
load monitor 25a via generator monitor 24. Load monitor 23a also provides timely power
output from (e.g. provided via) the service connection and thus the load on the power grid,
when the transfer switch is in the power grid position. In that the invention finds
applicability for preventing overloads it will be understood that it may be utilized for any

power source or combination of sources, including off grid systems such as remote
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terrestrial, aircraft, on and off road vehicles and marine applications with or without
connection to the power grid.

[Para 86] It is preferred that the timely power output is an instantaneous measure of the
current provided by the generator. Because most generators incorporate voltage sensing
and correction circuitry, often by way of controlling the power applied to the exciter winding
in the alternator, the output voltage is maintained nearly constant. Of course the voltage
(and power factor if desired) may be measured and utilized as well. By knowing the output
voltage of the generator is being held to a constant value, for example 240 volts in a single
phase output, by measuring or sensing the instantaneous current flowing from the
generator, an instantaneous measure of the output power may be had. It may also be
desirable to utilize a measure which is not instantaneous. Examples of some non
instantaneous measures include an average over time, a time related measure of output
power, a measurement with reduced noise, an approximation of the average load provided
to the generator, to provide a measure of the resulting heating of the alternator or engine,
to provide a measure of fuel consumption by the generator, to provide a measure of the
power consumption by the load(s).

[Para 87] A generator monitor 24 which receives data from load monitor 23a and
communicates that load information to a load control 25a via communications link 28a. It is
hoted that load monitor 23a may be located in the circuit input to (to the left of) the transfer
switch 15 in order to monitor the load only when power is provided by the generator.
Monitoring the output of the transfer switch is preferred e.qg. it is useful for characterizing
load parameters e.g. current or wattage consumption, as individual loads are turned on and
off (or turn on and off on their own) at any time, and for controlling the load presented to
the grid so as not to exceed the service connection capability as will be explained below.
[Para 88] Figure 4 also shows load switch 22a is responsive to load control 25a via

communications link 26a and operable to connect and disconnect oven 16 from power
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coming from the transfer switch, load switch 22b via communications link 26b is operative
to connect and disconnect the clothes dryer 17 and load switch 22¢ via communications link
26¢ is operative to connect and disconnect the air conditioner 18. It will be understood
from the teachings of the present invention that one or more load switch 22 may be
removed (for controllable devices or high priority devices as described herein) or replaced
with a load control 43 or other types of control devices as will be described in more detail
with respect to Figures 6-9. While load switches 22 have been described as being
responsive to load control 25a, it will be preferred that they also include bidirectional
communications capability in order that load control 25a may determine and/or verify the
state of the switch (e.g. open, closed, dropped or other information) and further it is
preferred that the switch include other functions as will be discussed below. In addition, it
will be understood that load switches may be operated without a separate load control 25a,
as that function may be incorporated within the load switch 22 (or load limit 23).

[Para 89] As used herein, communications and communications link is meant to encompass
the conveyance of information from one point to another by one or a plurality of electronic
circuits and may be the same or different for each type of information and each type of
connection as desired. The communications links may be of any type suitable for
communicating the particular information desired over the desired distance at an adequate
speed and resolution with necessary reliability and may be continuous or not in order to fit
a particular application of the invention. The information may be in, and may be
communicated in, any suitable form, or forms e.g. analog, digital, optical, magnetic,
electromagnetic waves, wired or wireless and may be communicated in single direction,
bidirectional, singular or redundant form, and the communication may use handshaking,
networking or broadcasting, may be multiplexed in any fashion, networked, daisy chained,
point to point or otherwise as desired to fit a particular embodiment of the invention. For

example if wired communications links are desired, RS-232, IEEE 1901 or USB may be used
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or for wireless ZigBee, IEEE 802.1X, Bluetooth, or Wi-Fi may be used, all being well known to
one of ordinary skill. The communications may be simply contained within a dedicated
implementation of the invention or may utilize a network covering a larger area for
communications, for example via the internet. The invention described herein and/or its
communications circuits may be shared or included in other systems and devices such as
for example a home control system. Communications theory is a broad but well known field
of art readily available to one of ordinary skill wishing to practice the invention, accordingly
the communications links will not be discussed extensively herein.

[Para 90] Communications between the load control 25a and load switches 22a - 22c¢ (or
load control 43 described below) are provided by communications links 26a, 26b and 26¢
respectively. In addition, communications between load monitor 23a and generator monitor
24 is provided by communications link 27b. Communications between generator monitor
24 and load control 25a is provided by communications link 28a. Additionally optional
communications link 27a may be provided between generator 13 and generator monitor 24,
and additional communications may be provided by optional communications link 28b
between generator monitor 24 and load control 25a. These communications links are
preferred to be utilized to provide generator monitor 24 and load control 25a with, inter
alia, additional information about the operation of generator 13 and to communicate back
to generator 13 and generator monitor 24. Various parameters of the connected devices
may be communicated to load control 25a as well.

[Para 91] Many prior art generator systems incorporate digital engine and alternator control
systems which incorporate monitoring of the performance of the generator. Such
monitoring includes determining the engine and alternator temperature, engine overload,
voltage output, RPM, AC power frequency, current and power output for each leg of the
alternator, total current output from the alternator, power factor, and percent of true total

available power being supplied to the load. These control systems often further include over
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current warning, under frequency warning and overload warning (by measure of current
and/or frequency). In many systems it is desirable to communicate with these control
systems to provide some or all of the monitoring information and device parameters to the
load control 15 for use in its load connection and other decision making. A load shed
signal, responsive to a low frequency or over current condition or both, indicates the
generator is overloaded, is also available on some systems. Assuming adequate information
about the operation of the generator is available directly from the engine and alternator
control systems, that information may be coupled directly to load control 25a via a
communications link (not shown) making load monitor 23a, generator monitor 24 and their
communications links redundant in respect to monitoring the generator so that they may be
eliminated in that respect. Load monitor 23a is still desirable for use to characterize loads
and for timely monitoring of the load presented to the power grid, which is also the timely
power output from the service connection, as previously discussed. In the instance where
the power grid output is desired, 23a may be located at any point on the power grid circuit,
such as the input or output of the transfer switch 15.

[Para 92] It is preferred that load control 25a operate to provide power, either directly or
indirectly e.g. via generator monitor 24, to all of the devices to which it is connected for
purposes of communications and/or sensing operation. It is also preferred that load control
25a (as well as the devices with which it communicates wirelessly) include its own backup
power source, such as a rechargeable battery, in order that it and the devices with which it
communicates may continue to operate without interruption whenever its primary power
source fails such as during the time interval between the failure of power from the power
grid and the supply of power backup power from the generator. Of course for wireless
communication links it is preferable that the various wireless devices have their own power
source(s), including backup if the device is critical to operation during outages of that

source.
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[Para 93] One or more optional additional communication link(s) shown in Figure 4 by 28c,
may be provided between load control 25a and other optional devices such as sensors,
information sources, displays, feedback, etc. shown as environmental, user and misc,
devices 21. The display and feedback elements used in respect to the user may be
combined if desired, for example such as with a touchscreen. These devices can include
various sensors, for example such as temperature sensors to monitor outside temperature
useful in controlling air conditioner operation, engine or alternator cooling air inlet or
exhaust temperature useful in determining genset load, refrigerator or freezer temperature
to determine if additional cooling is needed. The sensors for example may be utilized by
25a in the setting of priorities for loads to be connected to the generator. Such devices are
desired to communicate with the load control as will be described further by way of
example below.

[Para 94] Sensors and other components suitable for interface with the processor of 25
and/or use in practicing the invention are available from Analog Devices of Norwood MA,
Texas Instruments of Dallas TX, National Semiconductor of Santa Clara, CA, Sensirion of
Westlake Village, CA and many other suppliers as will be known to the person of ordinary
skill in the art from the present teachings. Additionally the load control of the invention
herein may communicate with other devices or services within or outside of the home area
such as via telephone, internet, long distance wireless and the like e.g. in order to provide
and receive information as well as handle and generate requests regarding power
consumption, the devices which are connected, available for connection and the like, as will
be described in more detail below.

[Para 95] Generally the communications links which are considered desirable to practice the
preferred embodiment (i.e. the best mode) of the invention are shown in Figures 4 and 5
with solid lines with solid arrows showing the primary direction of communications. For

example the load information from load monitor 23a is communicated to load control 25a
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by communications link 27b which is shown in a solid line with a solid arrow. Additional
communications which may be desirable to practice advanced features of the invention are
shown with dashed lines and arrows, for example the environmental, user and
miscellaneous devices 21 communicating with load control 25a.

[Para 96] Load switches 22a - 22c are preferred to be of a latching, dropout type which will
automatically open circuit when power to the load switch (from transfer switch 15) is lost
and thereafter and must be subsequently directed to close their circuit (after generator
power is available via transfer switch 15) to provide power to the load. Accordingly when
power from the power grid is lost the load switches 22a - 22c will switch to open circuit and
remain in that state until they are closed by load control 25a thus preventing a generator
overload when the transfer switch selects the generator output. Other switch types, or load
control circuits, e.g. such as 43, or load controls, discussed below, may be utilized as well
as will be known to person of ordinary skill from the teachings herein. Additionally, while
the load switches 22a - 22c and load control 43 below are shown as separate units they
may be combined with, or incorporated in the transfer switch or its control or in particular
loads. The parts or all of the invention are also suitable for being combined with or
incorporated in the generator, and may also include transfer switch control and/or transfer
switch as will be known to one of ordinary skill from the teachings herein.

[Para 97] After a grid power loss the generator 13 will be started and transfer switch 15 will
be switched to couple generator power to the house under control of the generator and
transfer switch controller 14 (hot shown in Figure 4). At this time load monitor 23a will
operate to measure the electrical load presented to the generator by the house, which at
this point of this explanation is the load presented by the lights 19 and miscellaneous loads
20 since load switches 22a - 22c are preferred to have switched, and remain open when
grid power was lost and thereafter until turned on. Accordingly, 23a provides the timely

power output of the generator.
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[Para 98] Because the voltage out of the generator is known, for example 240 volts, the load
monitor 23a may simply be a current sense coil, inductor, transformer, sensor or integrated
circuit which provides an analog voltage output that is proportional to the electrical current
supplied to the loads by the generator. Rogowski coils such as that described in US Patent
6,313,623 to Kojovic et al. are particularly useful in that they can respond to fast changing
currents and are not prone to saturation as are iron core transformers and coils and are
reasonably immune to electromagnetic interference. The output of 23a is coupled to
generator monitor 24 where it is preferred to be converted to digital with the digital value of
the current being coupled to load control 25a via communications channel 28a. Various
other types of known load monitors are readily available and may be utilized and coupled to
load control 25a as will be apparent to one of ordinary skill from the teachings herein.

[Para 99] As previously described, load (and other generator) information may be taken
directly from the generator. For example the aforementioned Cummins model GGHE
generator includes their PowerCommand control module which provides a wealth of
information about the operation of the engine and alternator over RS-232 and other
communications links. Many other generator manufacturers provide similar modules and
functionality. It should be kept in mind however that the information provided by these
modules may not always be accurate due to cost savings and tolerances. For example an
overload indication may respond only to electric power output but not measure engine or
alternator temperature. If the generator is operated at significant altitude, or on a hot and
humid day, the cooling system may not be able to prevent an over temperature type of
overload from occurring even though the power output is otherwise below that which would
generate an overload signal. Accordingly it is desirable that load control 25a be capable of
sensing several parameters of the generator, and that it may be programmed or otherwise
set to operate in response to those parameters and the particular generator and

environment.
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[Para 100] Load Monitor 23a may be used to determine the actual kilowatt output by
measuring both voltage and current and may also be used to determine the power factor
(the ratio of active power to the arithmetic apparent power) of power being supplied to the
load. Calculations may be performed in load monitor 23a, or generator monitor 24 or load
control 25a as desired, however in this example it is preferred that 23a sense active and
apparent power by sensing or measuring the present voltage and current in real time (or
near real time), transmit those values to generator monitor 24 in real time (or near real
time) where they are converted to digital in near real time with the digital values being
communicated to load control 25a in near real time where the calculations of power factor
and load are performed. By using real time or near real time values of voltage and current
the relative phase of the two is preserved and that phase information can be used in the
calculations to timely determine the power output of the generator which is used to
determine the available power for other loads. As used herein, timely will be used to mean
instant, real time, close to real time or a suitable time. In particular timely voltage, current,
wattage, power or other quantity or parameter will mean the quantity of, or value
representing the quantity of, the parameter existing at a time which is suitable to be useful
in the operation of the invention. For example timely voltage output or power output values
may be measured and transmitted to the load control with some time delay which delay is
hot long enough to impair the proper operation of the load control.

[Para 101] For this explanation, load control 25a will be assumed to know at least one
maximum output power parameter e.g. maximum wattage or current of generator 13 (or a
plurality of parameters e.g. its maximum output current vs. time capability). The maximum
output power parameter is compared against the actual output at the time as measured by
23a and the remaining available power at the time is then calculated. Other parameters may
be utilized to determine the projected power available at a future time or over a future time

period may also be calculated. It is also desired that the power parameters e.g. initial
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current requirements and current vs. time curve(s) of each load 16 - 18 are known to the
load control 25a. It is desired that each of the loads 16 - 18 has associated with it one or
more known priority parameter(s). As used herein, know and known mean to have been
previously stored in a memory and available e.g. having been previously manufactured with,
programmed with or measured. All such parameters are preferred to be manually or
automatically changeable as will be described below. In reality it may be that one or more
parameters is not know at the time and must be determined or estimated as will be
described further below.

[Para 102] After generator power is made available via the transfer switch, load control
25a operates to determine if the highest priority load 16 - 18 can be supported by the
available power of generator 13 and if so load control 25a causes the load switch associated
with that load to be closed via commands conveyed to the switch by its corresponding
communications channel. Next load control 25a operates in response to the new power
measurement from 23a to determine if the next highest priority load 16 - 18 can be
supported by the available power from the generator. If so that load is connected by
command sent via its switch’s corresponding communications channel. Likewise the third
priority load requirement (in this case the last load of the three) is checked against available
generator power and the load connected if sufficient power available. While only three
controlled loads are shown in Figure 4, it will be known from the present teachings that the
number of loads which may be controlled is not so limited and additional controlled loads
and corresponding communication links (e.g. 26d - 26N) may be utilized. In the event one
or more of the loads cannot be connected because of insufficient available power from the
generator, the load control 25a will periodically compare the available power supplied by
the generator to the power required by the load and if possible connect the load. It may be
that available power for a load results from one or more previously connected loads no

longer requiring power, for example the clothes dryer is finished and that load may be
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disconnected to prevent it from being turned on and creating an overload. Or, the air
conditioner may require less power to run because outside air has cooled and that
additional information may be utilized by load control 25a to determine it is safe to connect
another load.

[Para 103] Load control 25a is preferred to operate in substantially continuous mode to
constantly compute load requirements and generator capabilities to connect and disconnect
loads according to priorities as a result of changing loads and priorities. Lower priority
loads may be disconnected to accommodate higher priority loads. Environmental, user and
other parameters may be utilized by load control 25 in order to determine that it is safe (or
that there is a high probability that it is safe) to connect a particular load. It is preferred that
load control 25a ensure that loads such as air conditioners which should not be cycled too
quickly remain disconnected and/or remain connected for appropriate amounts of time.
Load control 25a also monitors the generator 13 for overloads, and other parameters such
as minor equipment failures such as slight overheating and chooses which loads to
disconnect, or in the event of a significant failure may change the transfer switch 15 back to
the grid power position (even though there is no grid power). Of course load control 25a
will monitor grid power and change the transfer switch 15 back to the grid power position
when power returns, meets expected parameters and is expected to continue meeting those
parameters. It is preferred that after the transfer switch returns to grid power that loads are
reconnected one at a time in order to prevent a large instantaneous power demand surge.
[Para 104] Although continuous operation is preferred, the invention may be practiced
with other types of operation as well, especially when power consumption of the load
control is intended to be kept to a minimum. It may be operated at periodic intervals or may
be caused to operate only when one or more parameter of the system changes appreciably.
In one alternative, load control 25a may operate in a low power standby mode, only

checking for the presence of power from power grid 12 and remain in standby as long as
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grid power is present, but change to a more active or fully active mode if grid power
experiences problems such a fluctuations in voltage or frequency (outside of expected
parameters), or failure.

[Para 105] It will be appreciated from these teachings that load changes on the generator
13 may occur during operation because the switched loads 16 - 18 (if connected) or the
unswitched loads 19 and 20 may change, and those changes may be communicated by the
generator monitor 24 via 27b or otherwise to provide data via generator monitor 24 to load
control 25a which may use this data to characterize and store load characteristics. For
example if a request is made of load control 25a to turn on clothes dryer 17 via load switch
22b, the change in current sensed by load monitor 27b over the next few minutes can be
stored and used as some of the parameters, e.g. starting and current after initial warm up,
for that load. In this fashion unknown parameters may be determined or estimated and
known parameters may be updated. While this type of measurement might be interfered
with by other loads changing, if several consistent measurements and some inconsistent
measurements are made for a number of dryer requests, it is probable that the consistent
measurements are reasonably accurate. The consistent and inconsistent measurements may
be determined by correlation or other statistical matching techniques. The consistent
measurements may then be averaged to remove small variations due to dryer load, ambient
temperature and other such changes. Of course more accurate measurements may be made
by directly monitoring the dryer load as will be discussed below.

[Para 106] Figure 5 shows a more detailed diagram of load control 25a. Communication
links provide for communications between a processor circuit 33a and various devices as
discussed herein. Load control 25a contains interface circuits 29a - 29h to interface
communications channels 28a, 28b (optional), 30, 31, 32 and 26a - 26N to a processor

circuit 33a.
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[Para 107] The processor circuit will include a processor, e.g. a digital machine performing
logic, computing and/or program execution operations which machine accepts data and
runs (i.e. executes) logic operations, computing operations and/or program steps to
produce results. The processor circuit will also include supporting circuitry to facilitate the
processor accepting data, executing one or more logic operations, computing operations
and/or program(s), produce and utilize the necessary results and communicate with other
components and devices. The processor circuit and its various elements may be of any of
the types suitable for performing the various desired ones of control, monitoring, storage,
communications, calculation and decision making operations described herein which are
hecessary to implement a particular version of the invention. The processor circuit may be
implemented with any type(s) of circuit devices currently known or which will become to be
known in the electronic control systems art including but not limited to analog and digital
circuits, LSI, VLSI, ASIC, PLD, CPLD, FPGA, DSP, IP Core, Array, microcontroller,
microprocessor, Multicomputer, RISC or CPU integrated circuits.

[Para 108] Processor circuit 33a may also include one or more interface circuits similar to
29 (thus eliminating one or more interface circuits 29 which are external to 33a). A
particular processor circuit may be chosen for use in implementing the present invention by
one of ordinary skill from the teachings herein in view of other considerations as well, e.g.
power consumption, cost, complexity, ease of use, speed of operation and flexibility of
operation. Examples of such computer circuits include PCs using Windows, Linux or other
operating systems, Apple products such as iPhone, iPad, iPod, Android product such as the
Asus Eee Pad tablet, various RISC, parallel microcomputer and embedded devices. While the
processor circuit 33a has been described in the singular, it may be implemented by multiple
circuits or devices as desired.

[Para 109] Communications links 26a - 26N, 28a and 28b operate as described previously

and in further detail below. Communication links 30, 31 and 32 (in Figure 4 as part of 28¢)
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communicate with one or more environmental, user and miscellaneous devices (shown in
Figure 4 as part of 21). Communication link 30 is used to supply data from a user input
module(s) to processor circuit 33a of load control 25a and if desired communication link 31
operates to supply data from the processor circuit 33a of load control 25a to the same or
different user module(s). It is of course possible that such data may be supplied by a single
bidirectional communications link as indicated by the dashed arrow on 30 and 31. Data to
and from other auxiliary devices may be communicated to and from processor circuit 33a of
load control 25a by one or more communications link(s) 32 as will be discussed further
below. Processor circuit 33a communicates via communications links 26a - 26N to
communicate with load switches or replacement devices 1 - N respectively to cause loads to
be connected to the power source (via transfer switch 15) and if desired to receive data
from one or more load switches or replacement devices. It will be understood that the
preferred embodiment of Figures 4 and 5 may utilize a particular processor circuit 33a, for
example the Asus Eee Pad tablet wherein various other elements of Figures 4 and 5 are
provided by 33a. In the present example all of the user inputs and feedback devices are
preferred to be provided by the Asus Eee Pad touch screen and communications links 26a -
26N, 28a, 28b and 32 being provided via its IEEE 802.11 and/or Bluetooth wireless
communications capability.

[Para 110] As a simplified example to aid in understanding the operation of the load
monitor and load control of the preferred embodiment, consider a generator which because
of its existing load and internal temperature can provide 30 amps for up to 5 seconds and
20 amps for 5 minutes and 18 amps after 10 minutes. Now consider an air conditioner
which requires 30 amps for 4 seconds to start, 20 amps to run after that for 1 minute and
then increasing to 21 amps as the condenser coil heats thereby causing the head pressure
and compressor current to increase. Starting the air conditioner and running it for T minute

would be possible without overloading the generator. After 1 minute the condenser coil
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heats and the air conditioner would overload the generator by 1 amp and disconnecting it
would be advisable. After 10 minutes the generator would be overloaded by 3 amps and
would need to be disconnected because of the substantial overload of the generator. It is
desirable that the load control also keep track of the operating characteristics of the other
loads which are connected. By knowing the characteristics of the generator and load(s), the
load control can make a decision of whether to connect the load, which in this example
would not be advisable.

[Para 111] As a further example, add to the above example an ambient temperature
monitor to provide an environmental parameter. Assume the load control 25a records a
decrease of the ambient temperature due to cold rainfall with the internal temperature of
the generator decreasing for a given load which in turn will allow a somewhat larger load to
be accommodated. As used in this context records means to store a plurality of values of
the same changing parameter, in this instance temperature, over a time period. The rainfall
may also be sensed and recorded, For the air conditioner compressor a decreasing ambient
temperature will lead to a reduced condenser coil temperature, decreased compressor head
pressure and decreased compressor current draw. In this instance, depending on the rate of
temperature drop, the expected increase of generator capacity and expected decrease of
compressor current, it may be possible to predict that the air conditioner may be safely
connected to the generator.

[Para 112] Adding a further environmental parameter to the example, it is likely that
humidity will increase due to the rain and the higher humidity air will decrease the
maximum torque output of the generator’s motor. This additional environmental parameter
may be sensed and recorded for utilization by the load control 25a in determining the
maximum output power which will be available in the near future. Because humidity also
affects the cooling of the condenser coil by airflow across the coil, this may be taken into

account by load control 25a as well. It will be understood that timely determinations of
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generator maximum output power as well as load power consumption for a given load may
be made by using various environmental parameters. It will be further understood that
determinations of upcoming generator maximum output power as well as upcoming load
power consumption for a given load may be made by using various changing environmental
parameters, upcoming meaning over at least the next hour unless otherwise specified.
[Para 113] To continue the above example, consider the same generator capability as
above, i.e. 30 amps for up to 5 seconds and 20 amps for 5 minutes and 18 amps after 10
minutes. Consider a different load, an oven which will draw 25 amps for 5 seconds, 20
amps decreasing to 15 amps over 3 minutes and 15 amps intermittently thereafter as the
oven thermostat switches the heating element on and off. This load can be safely connected
to the generator since it will not exceed the generator’s capacity at any time.

[Para 114] Of course, in the above examples it is assumed that when a connection to the
air conditioner or the oven is made that device will be in operation and will immediately
begin loading the generator. It would be useful to know if each device would in fact be in
operation or could be in operation at some time after connection. As an added factor in the
decision making it would be useful to input the status of the device (e.g. on or off as a
parameter), or otherwise determine the likelihood that the device would present a load if
connected. This consideration relates to establishing a priority for a load, for example if the
oven or the air conditioner is turned off then it would not present a significant load if it is
connected. If the indoor or outdoor air temperature were low it is unlikely the air
conditioner would present a load if connected. If the oven were operating before loss of grid
power the thermostat will likely power the heating element when the oven is connected or
within a few minutes thereafter. It is desirable for load control 25a to record and use these
parameters in its load connection decision making.

[Para 115] As a further example of the operation of the load control 25a consider the

priority of the loads. If the time of day (sunset) is after the normal time that dinner is
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prepared in the oven then the oven has a relatively low priority. If the temperature in the
house is hot, the air conditioner has a high priority. If generator capacity is available the air
conditioner would be connected instead of the oven. On the other hand, if the oven is in use
when the grid power fails it is reasonable to assume food is being prepared. The
interruption of power while food is being prepared can cause a serious problem for the
occupants of the house making the oven a very high priority load. If the inside temperature
of the house is at a reasonably comfortable level, and if generator capacity is available the
oven would be connected instead of the air conditioner. The oven use likely will end within
an hour or two and at that time it may be possible to connect the air conditioner, meanwhile
the inside temperature of the house will likely not rise to uncomfortable levels. It is thus
preferred that load control 25a include a real time clock and calendar feature, coupled with
calendar factors such as sunrise and sunset, identification of local temperature norms,
highs and lows for each calendar day and other information such as load usage habits, as
will be useful in managing generator operation and loads.

[Para 116] If the oven was operating in a self cleaning mode instead of food preparation
mode when grid power failed as detected by steady and higher then normal current draw. It
is preferred that the oven current draw be recorded by the load control 25a and used to
determine that the oven was in cleaning mode. That determination is preferred to be
incorporated into the assignment of priority to reconnecting the oven. Since oven cleaning
is not as important as preparing food, that cleaning can be delayed while other higher
priority loads such as the air conditioner are connected. Of course it will be desirable to
allow the occupants of the house to make the decision as to applying power to the oven or
the air conditioner as will be explained further below. A temperature sensor, part of 21, may
be provided for a refrigerator or freezer and that temperature is used in determining the
priority of connecting the associated load. For example if the freezer temperature is well

below the safe limit the freezer would be determined to be a low priority load whereas if the
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temperature rises to be near the safe limit the freezer would be determined to be higher or
high priority load.

[Para 117] Secondary factors, such as the time of day and decreasing ambient temperature
of the above example are also preferred to be taken into account in deciding to connect a
particular device to or disconnect it from the power source. Such factors include, but are not
limited to, calendar data, load usage habits, one or more parameter of the load for the
particular device e.g. maximum possible load, expected load for current conditions,
projected changes in the load with time or conditions, starting and surge currents (e.g. the
starting current of an electric motor), power factor of the load such as resistive, capacitive
or inductive type loads, the probability that a load will need to be connected or
disconnected during the near and distant future, damage done by failing to connect a load
or by disconnecting a load once connected. The short and long term ability of the power
source to supply power in known or projected amounts, environmental factors such as
ambient temperature, humidity, altitude, quantity of fuel available, fuel delivery rate, quality
of fuel, cost of fuel, cost of supplying power from a given power source vs. cost of
purchasing or supplying power from another power source and environmental effects of
supplying power from a given power source.

[Para 118] In order to evaluate various factors and parameters used by the load control
25a for decisions to connect or disconnect loads, information will need to be available to
the load control. It is preferred that the load control be programmable in order to store such
information, however that information may be incorporated at manufacture, or may be
learned by the load control by monitoring and recording parameters e.g. the operation of
various loads, as will be explained further in respect to Figure 6. As a simple example the
current and time parameters of the oven may be recorded to compute current vs. time
curves from initial turn on until reaching temperature for both cooking at different

temperatures and cleaning operation of the oven can be used in subsequent decision
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making. The higher the oven thermostat is set, the longer it takes for the thermostat to
reach its first cycle and the more frequently it cycles, which information may be utilized to
characterize the oven operation.

[Para 119] Of course those time and cycling parameters are also influenced by the mass
and initial temperature of the food being cooked but about half way into the cooking time
when the surface temperature of the food approaches the oven setting, that influence is
greatly decreased. Curves for different temperatures as determined by the time from turn
on until first thermostat cycle and then the cycle time thereafter can be recorded. When the
oven is first started in a new cooking cycle, the temperature the oven thermostat is set to
may be estimated from the time of turn on to first several thermostat cycles and
comparison to the curves computed for previous operations. While such determinations are
not absolutely accurate they will nevertheless provide an approximation which load control
25a may use in determining whether or not to connect a load. In some applications the oven
may be configured to communicate directly with load control 25a, to provide useful
information such as thermostat setting, cooking time and/or oven temperature.

[Para 120] Figure 6 shows the preferred embodiment of the invention with various
embodiments of load switches 22b and 22c (note load switch 22a of Figure 4 is replaced
with load limit 43) and a combination user input and user feedback module 39. Load limit
43 includes a current control 44 to control current supplied to load 16 which control may, if
desired, include complete disconnect of load 16 (an electric oven in this example) to/from
the power source selected by the transfer switch 15. As just one example of a load limit
device which may be utilized for 43, consider a remotely controlled light dimmer switch
commonly found in the home and connected to a 250 watt incandescent light bulb. The
light bulb will draw a full load of 250 watts of power if connected directly to the 120 volt
power but a load limit circuit which in this example is the dimmer will limit the amount of

power supplied to the light bulb.
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[Para 121] Such load limiting circuits are well known in the art and include current limit
circuits which operate to prevent a current from exceeding its prescribed limit, which in the
present example is set in response to load control 25a. Constant current circuits may be
also used for 44 and operate to maintain a preset current through a range of a variable
load, which current in this example will be set in response to load control 25a. For clarity,
as used in the present specification and claims a load limit (or current control) device limits
the power supplied to a device which if connected directly to the power source under the
same conditions is capable of consuming more power than that the power delivered via the
load limit. This usage is in contrast to a controllable load for which the load itself is
controlled so that the amount of power that is consumed when connected directly to the
power source is controlled. As a simple example, remote controlled room heaters are such a
controllable load.

[Para 122] It will be further understood to one of ordinary skill from the teachings herein
that other types of control circuits may be utilized for 44 to control the power supplied to
the load, e.g. phase vector drive circuits, variable frequency circuits, direct torque control,
SCR and thyristor circuits, pulse width modulation and chopper circuits, and various soft
start circuits, many of which are commonly used as drive circuits for electric motors. Some
of the other circuits which may be utilized operate by reducing the amplitude of the
supplied voltage, or by reducing the duty cycle of supplied current or altering the phase of
the voltage and current applied to the load, and various combinations thereof. One of
ordinary skill will be able to select a particular type of circuit for use with a particular load
type.

[Para 123] Load limit 43 communicates with load control 25a via communication links 26a
and 36 in order to send and receive data. Interface 29i couples the communication link 26a
to current control 44 to allow the load control 25a to operate current control 44. While

shown in respect to an electric oven in this example, it will be understood from the
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teachings herein that load limit 43 may be utilized with other types of loads, and will be
particularly useful with high demand loads, for example heating and other resistive loads,
battery chargers, electrolysis and other electro-chemical loads, in order to limit the
maximum amount of power the load draws. One of ordinary skill will also understand that
many types of high demand loads do not lend themselves to operation with particular load
control circuits, for example many large constant speed rotating machinery loads which are
desired to operate synchronously with relatively fixed voltage AC power and thus are
difficult to use with variable voltage control circuits.

[Para 124] Load control 25a may cause the load to be controlled in discrete levels, for
example full, 75%, 50% etc. or may cause the load to be controlled in essentially continuous
fashion, for example 1% or smaller increments from 0 to 100%. It is desirable however that
many loads such as the oven be continuously provided with some minimum amount of
power to power clocks, timers, control circuits and the like in order that they do not have to
be reprogrammed after power is completely interrupted for a longer period of time. Many
ovens and other high demand loads include switching power supplies to power their clocks,
timers, control circuits and the like with these supplies being capable of operating with
reduced voltages. Alternatively the clocks, timers and the like may be provided power via a
continuously connected circuit, or may incorporate backup power such as battery operation.
[Para 125] Load monitor 23b is preferred to be included in load limit circuit 43 but may, as
well as 35, be omitted if their capabilities are not desired for operation of load control 25a.
Load monitor 23b is similar to 23a except for possible changes to match it to the current
controlled and different maximum load. 23b monitors the electric power supplied to load
16 and communicates via interface 35 and communication channel 36 with load control
25a. This monitor may be utilized to send load power (e.g. current) information to load
control 25a for several purposes. For example full power oven load characteristics such as

initial heating current and current to maintain temperature when heated to provide current

Page 56 of 108

198



vs. time parameters as previously discussed will allow load control to predict future load.
Also 23b may be used to enable load control 25a to determine that the current actually
being used has dropped below the value the current is set to by current controlled 44. This
will allow load control 25a to further adjust current to thus guarantee a lower maximum
load without adversely affecting oven performance. It is also desirable that communications
link 26a and/or 36 operate bidirectionally to provide information to load control 25a thus
allowing verification and monitoring of the operation of load limit 43.

[Para 126] The oven load information may be used by load control 25a to detect when the
oven heating element has just been turned off by the oven thermostat (and thus expected
not to turn on again for several seconds or longer). This will allow load control 25a to use
the resulting extra generator capacity for other purposes, for example to provide additional
starting current such to as an air conditioner compressor. As a safety precaution load
control 25a may also lower the current supply to the oven to a very low value for a short
time. This lowering will not impair oven operation while guarding against an unintentional
overload of generator 13 in the event the oven thermostat unexpectedly closes due to an
unforeseen event such as an opened door. Oven load information may be used to cycle
another load out of phase with the oven heating element, that is to only turn on or increase
another load such as a battery charger for a time period after the oven heating element is
turned off. Alternatively the other load can be turned on or increased when the oven heating
element is turned off and turned off or decreased immediately after the oven heating
element is turned on, the momentary overlap of the two being handled by the short term
higher current capability of the generator. These operations will generally be possible with
any type of load which cycles on and off.

[Para 127] It will be recognized from the teachings herein that the operation of load limit
43 may be partially or completely incorporated within a particular load as desired. For

example the current control 44 and/or load monitor 23b may be incorporated within the
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oven 16. Alternatively other loads which are capable of being limited, for example the
battery charger for an electric or hybrid vehicle or the like discussed above, may be
connected in a fashion to provide current limit and/or load monitoring interconnection to
load control 25a as desired. If the load has internal control of its current available, for
example such as the battery charger for an electric or hybrid vehicle or the like, it may be
connected to load control 25a without an additional current limit circuit. As with the
additional current control 44, load control 25a may cause the load to be controlled in
discrete levels or may cause the load to be controlled in essentially continuous fashion. As
with the separate current control circuit, for loads which have internal clocks, timers or the
like which require some small amount of current to operate it is desirable not to completely
disconnect them from the power source for long times which will cause these circuits to
heed to be reset, or alternate continuous circuit power or backup capability can be
provided.

[Para 128] Control of individual loads to limit the power supplied to them or power
consumed by them (one controls the other) under control of load control 25a is desired,
particularly during times when the power grid is in heavy use and during times when
generator 13 is supplying power. For example heavy current loads like ovens and chargers
may still be operated at reduced current in order to prevent overload of the power source,
as compared to their being entirely disconnected. An oven for example will take longer from
initial turn on to heat to its thermostatically controlled temperature, but once at that
temperature the thermostat will be able to control the temperature, assuming a reasonable
amount of current less than the maximum is still available to the heating element. In a
situation where a power failure occurs after oven use is started, limiting the current to the
oven may allow the oven to be powered from the generator, thus allowing the cooking to be
completed, as compared to an oven which is not so limited and thus can not be connected

to the generator because it will cause an overload.
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[Para 129] Figure 6 also shows load switch 22b including a switch 34 to connect and
disconnect load 17, an electric clothes dryer, to/from the power source selected by the
transfer switch 15. Load switch 22b communicates with load control 25a via communication
links 26b. Interface 29j couples the communication link 26a to switch 34 to allow the load
control to operate switch 34. Load 17 may optionally communicate with load control 25a via
communications link 40b. The switch may be operated in a normally closed or a normally
open configuration or a latching condition as known to one of ordinary skill, however it is
preferred that load control 25a simulate any of those switch types for a given switch. It is
also desirable that communications link 26b operate bidirectionally to provide information
to load control 25a thus allowing verification and monitoring of the operation of load switch
22b.

[Para 130] Figure 6 further shows load switch 22c which includes a switch 34 to connect
and disconnect load 18, an electric air conditioner, to/from the power source selected by
the transfer switch 15. Load switch 22c communicates with load control 25a via
communication links 26c. Interface 29k and switch logic circuit 37 couple the
communication link 26c¢ to switch 34 to allow the load control 25a to operate switch 34 via
logic circuit 37. Logic circuit 37 is preferred to be configurable by communications from
load control 25a to cause it to operate in response to power from the transfer switch as a
normally open, normally closed, latching or special function switch. It is preferred that 37
normally be configured by load control 25a to operate the switch to open when power to
the switch from the transfer switch is lost and to stay open until a command to close is
received and thereafter as a latching switch (until power from the transfer switch is lost
again). In this fashion the load is automatically removed from the transfer switch when
power is lost, thus eliminating the need to have it disconnected by the load control. Itis
further preferred that 37 include a time delay function to prevent power from being applied

to the air conditioner for a time period after it has been removed in order that the
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compressor head pressure can bleed off thus avoiding the possibility of excessive
compressor starting currents. It is also desirable that communications link 26¢ operate
bidirectionally to provide information to load control 25a thus allowing verification and
monitoring of the operation of load switch 22c.

[Para 131] Figure 6 still further shows a combination user input and user feedback module
39 which communicates with load 16 via communications link 38 and communicates with
load control 25a via communications link 40. As previously discussed 39 may be
incorporated into or supplied by processor circuit 33. While shown as a combination input
and feedback module, the two operations may be separated into different devices using
common or different communications. In the present example, a user desiring to operate
the oven may be alerted that insufficient power capability exists for such operation, thereby
allowing further user interaction with load control 25a.

[Para 132] While the load switches 22, load limit 43, controllable loads e.g. 16, 17 and 48
are most commonly described herein as being preferred to be separate from the load
control 25, one of ordinary skill will recognize that the invention may very well be practiced
with load control circuitry, especially that circuitry corresponding to controlling a particular
switch, limit and/or load, being incorporated within or specific to a particular switch, limit
and/or load, or small number thereof, which will be referred to herein as load specific
control circuitry. In this respect the communications which sense overloads and other load
related parameters and user inputs e.g. generator monitor 24 and environmental, user &
miscellaneous devices 21, as well as particular user interfaces, may be contained within the
load or load controlling device, and/or communicate directly with load specific control
circuitry.

[Para 133] In particular, in low cost systems, the aforementioned use of power frequency
may be utilized directly within a load or load control device to sense an overload and

disconnect the load. One of skill in the art will recognize that it will be useful to establish
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priorities for each such device which priorities may be established by incorporating circuitry
to determine the degree or level of overload, various time delay operations or combinations
thereof in one or more of load switches 22, load limit 43, controllable loads e.g. 16, 17 and
48 such that some loads are shed or prevented from connecting more readily than others.
For example the power frequency detector may be set to detect degrees or levels of
frequency change, with some loads being disconnected, transferred, limited or prevented
from being connected to a particular source at a small frequency change and others being
disconnected, limited or prevented from being connected with larger frequency changes or
combinations thereof being utilized with a particular load. As described herein, particular
loads may be switched from one power source to another to facilitate a desired optimization
or operation of the system.

[Para 134] As one example a low priority load may be prevented from being connected if
the power frequency makes more than normal excursions, if even momentary, below a
given frequency threshold. Such excursions would have a high probability of indicating the
generator is close to an overload and is momentarily overloaded by small and/or short term
load increases for example such as the starting current of a small motor in a kitchen
appliance such as a refrigerator. When a larger or longer term power frequency deviation is
detected a delay may be incorporated in one or more of load switches 22, load limit 43,
controllable loads e.g. 16, 17 and 48, with lower priority loads being disconnected faster
than higher priority loads. In this example a low priority load such as an air conditioner may
be quickly disconnected which could very well eliminate the overload and return the power
frequency to normal and thus eliminate the need to disconnect more loads.

[Para 135] A load circuit may be part of or otherwise incorporated to control one or a small
number of loads, load switches, transfers and/or load limits in order to sense power
frequency to determine the probability of nearing an overload, being in a small overload, a

moderate overload or large overload with this information being utilized to control limiting
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the current supplied to one or more load, disconnecting or transferring one or more load
and/or preventing the connection of one or more load. In addition other features of the
invention described herein may be incorporated, such as preventing the reconnection of a
load for a time period after it normally turns off or is disconnected. It will be understood
that the individual features, e.g. those of 22b, 22¢c, 43 and 39 described with respect to the
Figures may be rearranged to operate with a particular load, set of loads or sets of loads as
desired to provide a particular combination of inventive features for a particular system as
will be known to the person of ordinary skill from the teachings herein.

[Para 136] With systems where load specific control circuitry is utilized to control the
connection of one or a small number of loads in response to the power frequency, it is
desirable to know the loading vs. frequency of the power source or sources. In particular
the characteristics of the frequency versus load are preferred to be programmed into the
microprocessor either at manufacturer or by the user during installation in order that the
microprocessor may know if the load being supplied by the generator is below, near,
slightly overloaded, significantly overloaded or highly overloaded. In this respect it is also
useful to control the frequency of the A.C. power provided by the power source in response
to the load on the power source in order that the frequency may be more accurately utilized
by the load specific control circuitry to prevent or remove overloads. This frequency control
may be accomplished by sensing the load on the source and controlling the power
frequency by feedback to the frequency control, e.g. the rotational speed of a genset or
frequency reference of an A.C. inverter.

[Para 137] Figure 7 shows an example of a mechanical layout of the combination user
input and user feedback module 39, including a display 41 for displaying messages from
load control 25a to the user and switches 42a - 42c to allow the user to (among other
capabilities) provide commands to the load control 25a. User commands and messages are

conveyed to and from the load control 25a via communications link 40a, and to and from
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load 16 via communications link 38. Load 16 and load control 25a may also communicate
with each other via 39 (and communications links 38 and 40a). For example if the user
wants to turn on the oven it can instruct the load control to provide power for the oven to
be operated in a particular mode such as full power or at some level of reduced power as
described herein. The load control 25a can offer a set of options to the user including
options to chose the level of operation of the desired load and corresponding decreases in
the level of, or termination of, operation of other loads. In this fashion the user may
communicate with the load control in order to change priorities to enable the user to obtain
power for the desired device. It will be understood that one or more user input and/or user
feedback modules may be provided with any of the loads in order to allow the user to
communicate with the load control in order to enable the user to operate a desired device,
or to allow communications with the load control in order for the user to operate multiple
devices. The feedback and input capabilities may be combined if desired, for example by
use of a touch screen as is well known in the art.

[Para 138] For example, a user desiring to use the oven to bake for 45 minutes at 400
degrees can enter that information to load control 25a via 39 and keys 42. The load control
will then determine options available to allow oven operation and provide them to the user.
The user then selects one or more (or none) of the options and the load control puts the
user’s desired operation into effect. For example the load control might offer the user the
following options: a) operate the oven at full power by turning off an air conditioner; b)
operate the oven at full power by turning off a vehicle battery charger; c) operate the oven
at 75% power by reducing the battery charger current by 50% with an increase of 7 minutes
to preheat the oven to 400 degrees; d) operate the oven at 65% power by turning off a hot
water heater, with an increase of 10 minutes to preheat the oven; e) select option d) and in
addition reduce the battery charger power by 75% and operate the water heater only while

the oven heating element is turned off by the oven thermostat. It will be understood from
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the above example that there are numerous capabilities and options which may be
determined by the load control 25a and presented to a user to assist the user to achieve a
desired operation. This assistance may be provided in several manners with menu selection,
interactive querying and graphical user interface being just a few.

[Para 139] Accordingly it will be understood that the system of Figure 4 as implemented
with the various features of Figures 6 and 7 will be capable of operation to power ones,
which will be understood to include some or all, of a group of loads. The group of loads
may include loads which may be individually switched on and off, loads for which the power
supplied to the load is limited to a known maximum amount, loads which may be controlled
to limit the amount of power they take from the power source and loads which are not
controlled. It is noted that practice of the invention will virtually always include loads which
are not controlled, which for example will most probably include the generator and transfer
switch controller 14 as well as the power supply for the load control 25, lighting and
electrical outlets for consumer electronic devices. It will be understood that the invention
may be practiced as needed in a particular system with only one load comprising any one or
more particular type of loads and/or without any combination of the above described types
of loads.

[Para 140] Figure 8, similar to Figure 4 shows a simplified diagram of another embodiment
of the invention which includes operation with a third power source 50 which by way of
example is shown as a solar panel and controllable load(s) 48. Elements 12, 13, 16, 17, 18,
19, 21, 22b, 22c, 23a, 26a, 26b, 26¢c, 27a, 27b, 28a, 28b and 28c are shown, the same as
in Figure 4 except that 21, 27a and 28c are changed from optional in this embodiment.
Load limit 43 is the same as described in respect to Figure 6. Figure 8 further includes load
control 25b similar to 25a of Figure 4 but having increased capabilities including controlling
the generator and transfer switch instead of 14, as will be described below by way of

example. Figure 8 also includes transfer switch 47, similar to switch 15 except that it is an
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on-off-on type switch (as compared to break before make on-on type for prior art switch
15) which can connect its output to either power grid 12, or generator 13 or neither, thus
leaving only the third power source (solar panel) 50 to power the loads. Transfer switch 47
is controlled by load control 25b via communications link 45 (shown at the top of the
transfer switch and bottom of the load control) and controllable load(s) 48 communicating
with load control 25b via load control communications link 46. One of ordinary skill will
understand that in order to simplify the description of the invention Figure 8 does not show
many elements, e.g. circuit breakers, safety features and the like that are required of an
actual system and as with transfer switch 15, one of ordinary skill will know that transfer
switch 47 will be much more complex in practice and is shown herein in simplified form for
purposes of explanation.

[Para 141] One of ordinary skill will know from the present teachings, to practice the
invention utilizing the on-off-on type of transfer switch 47. As with Figure 4, the
embodiment of Figure 8 may be utilized to prevent overload of any combination of the
power grid service 12, generator 13 and third power source 50. It will also be understood
that third power source 50 may be operated while the power grid is connected in order to
reduce the power supplied by the power grid, or even to sell power back to the power
utility, however it will be recognized that in such paralleled systems when the power grid
fails it is important to disconnect the power grid from the generator in order to prevent
damage to the generator or possible harm to workers who are repairing the grid failure.
Additionally, when the generator is connected by transfer switch 47 to power the loads it is
likewise important not to transfer substantial (i.e. damaging) amounts of power from the
third power source to the generator to prevent damage to the generator. Because of this it
is important to monitor the generator current output or otherwise to connect an additional
load or disconnect the generator when the third power source 50 can provide enough

current to power the loads.
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[Para 142] Communications link 27a is utilized for communications between generator 13
and load control 25b via power source monitor 49 in order that load control 25b may start
and stop the generator in response to power grid failure (sensing link to power grid is not
shown) or as otherwise needed. Note that communications link 27a may connect directly
from generator 13 to load control 25b as previously described. One of ordinary skill will
understand from the present teachings that the third power source, solar panel 50 is
representative of one or more additional individual power sources which may be utilized
with the invention. A solar panel which is made up of individual photovoltaic cells that
convert sunlight to electricity is chosen in Figure 8 by way of example with the teachings of
the inventive concepts being applicable to individual and combinations of other types and
humbers of power sources, e.g. stored energy, wind, water and geothermal types of power
sources in addition to solar. As with communications link 27a, the solar panel
communications link 27c may be connected directly to load control 25b if desired. When
solar panel 50 and generator 13 are connected directly to load control 25b power source
monitor 49, load monitors 23a and 23c and their associated communications links may
become redundant and may be eliminated with respect to monitoring the generator and
solar panel respectively.

[Para 143] Solar panel 50 has a power output via connection 51 which is connected with
the output of transfer switch 47 to provide power to the loads as is well known in the art,
e.g. it is synchronized to and paralleled with the power from transfer switch 47. The power
output from the solar panel is measured via load monitor 23c and communicated to power
source monitor 49 via communications link 27d. Load monitor 23c is similar to 23a except
for possible changes to match it to the maximum output power of the solar panel. Power
source monitor 49 functions in a manner similar to generator monitor 24, receiving

generator and power grid load information from 23a via communications link 27b and
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optionally communicating via communications link 27a. As explained with respect to Figure
4, load monitor 23a may also monitor power supplied by the grid.

[Para 144] Additionally power source monitor 49 receives solar panel power output
information via 23¢c and communications link 27d and optionally communicates with solar
panel 50 via communications link 27c. The power source monitor 49 communicates with
load control 25b via communication link 28a and optionally 28b as previously described in
respect to Figures 4 and 5 but additionally includes information and communications with
respect to solar panel 50. As will be known to one of ordinary skill from the teachings
herein, the power source monitor and load control may be expanded or duplicated to
handle more power sources than the generator 13 and solar panel 50. Connection of those
extra power sources to the system may be via extra transfer switch circuits as with
generator 13, or via paralleling as with solar panel 50, and will be accommodated by load
control 25b for control of the loads being powered. As previously explained with respect to
generator 13, if the power source(s) provide information about their operating parameters
from their own control and/or monitoring systems that information may be communicated
directly to load control 25b and power source monitor 49 along with its sensors and
communications link may be eliminated with respect to those power sources.

[Para 145] The operation of the embodiment of Figure 8 is similar to that of Figure 4,
however additional capabilities of powering loads 16 - 19 and 48 from the solar panel 50
are provided as well as interacting with and controlling load(s) 48 directly by load control
25b to set its maximum load presented to the power source(s). For example a controllable
load 48 may be a Lasko Model 5350 room heater which can be remotely switched from off
to 900 watts to 1500 watts via wireless communications link via load control 25b. Solar
panel 50 is connected to the output of the transfer switch 47 to provide additional power to
the loads when environmental conditions permit, thereby reducing the amount of power

required from the other power source(s). In particular, during periods of low load demand

Page 67 of 108

209



when power is available from 50 the load control 25b is preferred to communicate via 45 to
cause transfer switch 47 to switch to its off position in order to power those of the loads 16
- 19 and 48 which are consuming power to receive that power from 50.

[Para 146] Controllable load(s) 48, such as the aforementioned room heater may be
powered by solar panel 50 and controlled to either heat at 1500 watts if there is enough
power available and heating is desired because of a cold room or outdoor temperature
(sensed by sensors 21), or may be reduced to 900 watts if a higher priority load needs
power or the solar panel 50 is incapable of providing power for the high setting, or may be
switched off if the room temperature is high enough or solar panel 50 can not provide 900
watts. It will be recognized in this example that when the room temperature reaches the
thermostat temperature of the heater 48 (which may be set by load control 25b or directly
on the heater by a user), the heater will turn off its heating element thereby drawing
minimal power. Load control 25b may nevertheless turn off the heater to avoid a sudden
overload of the solar panel 50 should the room temperature cool to the point where the
heater’s thermostat turns the heating element on again.

[Para 147] Accordingly to the present example, low cost power is selected by load control
25b to power the loads while at the same time the load control will communicate to various
components of the system to monitor (e.g. via load monitor 23c) and control power
supplied to several loads each of differing types including high priority loads such as lights
19, switchable loads such as by load switch 22b to clothes dryer 17, limitable loads such as
via load limit 43 to oven 16 and controllable loads such as the heater 48 to allow loads of
various priorities to be powered by the low cost power source while at the same time
preventing overload of that source. Load control 25b will monitor and control power
demands by the various loads so as to not exceed the available power from a given power
source or set of power sources. If demand increased beyond what a power source such as

the solar panel 50 is capable of providing, the load control will decide to either not connect
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the additional load(s), or to connect but control power supplied to the additional load(s), or
to connect additional power source(s) such as grid power 12, or start and connect the
generator 13, or other power sources (not shown) thus providing additional power for the
additional loads. The decision making by load control 25b is preferred to be based on one
or more of user input, load priorities, load parameters, power source parameters, power
cost and environmental parameters in order to prevent overload of the power source(s)
powering the loads.

[Para 148] In particular, the decision to connect to additional power sources is preferred to
be made according to the priority of the load(s) to be connected, availability and cost of the
power from the various power sources which are available to provide additional power, or
according to other decision making criteria which is provided to the load control during
manufacture, installation or afterward by an operator, either by the operator’s changing and
storing priorities or by the operator’s instant override of stored priorities. It will be
understood that more than the three power sources may be accommodated. There may be
one or more wind turbines, solar panels, fuel cell, generators and the like provided in the
system in addition to the grid power as one of ordinary skill will find desirable to fit a
particular application. In systems requiring high reliability there may also be multiple
connections to the power grid, the multiple connections being provided by different grid
service paths, or even to multiple power grids provided by different utilities. Such multiple
connections are known in the art to be used in broadcasting and medical facilities. Of
course as previously described there may also be many loads of different types to be
controlled by load control 25b using the devices, capabilities and features described herein.
[Para 149] A controllable load 48 may be of any type where control of the power
consumed by the load is provided within the load, e.g. those described in respect to Figure
6 or those which include any of the various circuits described with respect to current control

44 of Figure 6, and those which are otherwise controllable without requiring a separate load
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limit 43 or load switch 22b or 22c as previously discussed. A three way light bulb is such a
controllable load. Other such controllable loads include the above mentioned low and high
power oven and clothes dryer and the Tesla Motors vehicle High Power Connector and
battery charger. Controllable load 48 communicates with load control 25b via
communications link 46 to provide load control communications, which may be single
direction or bidirectional as desired.

[Para 150] Figure 9 shows a diagram of load control 25b, similar to Figure 5 with the same
elements 26a - 26N, 28a, 28b, 29a - 29h, 30, 31 and 32. In addition, load control 25b has
additional interface circuits 29i and 29j and communications links 45 and 46 to provide
communications with transfer switch 47 and controllable load(s) 48 respectively. One of
ordinary skill will understand that processor circuit 33b of 25b is preferred to have
additional capabilities as compared to processor circuit 33a of Figure 5 in order to
accommodate the additional capabilities such as may be needed in relation to solar panel
50, transfer switch 47 and controllable load(s) 48. Implementation of such additional
capabilities will be within the ability of one of ordinary skill from the teachings herein.

[Para 151] It is preferred that the operation of the embodiment of Figures 8 and 9 be such
that power is provided to each individual load at times and in amounts, and from one or
more of a plurality of available sources as are desirable to minimize cost and maximize
reliability for a given set of circumstances, as controlled by load control 25b. It is further
preferred that the operation of load control 25b be performed at least in part by taking into
account established priorities for one or more individual loads, established parameters for
ohe or more loads, established parameters for one or more power sources and monitoring
parameters for one or more power sources and one or more loads. It is further preferred
that the operation of load control 25b be performed to allow input from one or more user in
order to allow changing of priorities of loads and changing of the operation of one or more

load so as to change at least that load’s current in operation.
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[Para 152] Figure 10 shows a simplified diagram of the embodiment of Figure 8 which
includes additional capabilities for management of loads presented to a power source
wherein the power source provides power in one or more form, and the loads consume
power in more than one form, e.g. electric and heat. Figure 10 includes elements 12, 13,
16,17,18, 19, 22b, 22c, 25b, 264, 26b, 26¢, 27a, 43, 45, and 47 as in Figure 8. Other
elements of Figure 8 are omitted from Figure 10 for simplicity. Additional elements are
included in Figure 10 for the purpose of recovering power in the form of heat from
generator 13 as controlled by load control 25b. The elements of Figure 8 which are not
shown in Figure 10 will be known to be available for inclusion in Figure 10 as desired.
Generator 13 is assumed for the teachings herein given by way of example and in particular
with respect to the instant explanation of heat transfer with respect to Figure 10, as being
of a type such as a fuel cell, internal combustion engine, battery or battery array, or the like
having significant heat generation as a byproduct of its operation. Generator 13 will further
be assumed to have a liquid or gaseous coolant system which may utilize glycol, water,
steam or any other coolant suitable for use with generator 13, along with a radiator or other
heat exchanger for removing such heat thereby cooling the generator. As used herein the
coolant will be referred to as a fluid, even though it may be in a gaseous or mixed state
form. In the system of Figure 10, the coolant is supplied from the generator’s cooling
system via piping (piping shown by heavier lines) 58 to electrically controlled valves 54 and
55 to heat exchangers 52 and 53 where the coolant loses heat to the fluid on the other side
of the heat exchangers. The cooler fluid (which may change phase from gaseous to liquid
due to cooling in the heat exchanger), is then returned to the generator via piping 59 (and
change phase from liquid to gaseous in the generator). Circulation of the coolant may be
provided by the cooling pump in generator 13, or externally by an additional pump or
pumps (not shown). In this manner the excess heat from 13 will be removed and utilized to

heat other needed devices and/or systems. As noted Figure 10 is a simplified diagram and
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one of skill will know there are several operation details and considerations which will be
pertinent to the proper operation of the generator, load control and heat exchangers in a
particular system. For example it is desirable that additional flow control, mixing and safety
valves, temperature and pressure sensors and/or pumps are included in the systems. These
are not shown but nevertheless necessary as will be known the one of ordinary skill.

[Para 153] Heat exchanger 52 operates to transfer heat in the coolant from 13 to heat cold
water 61 from a supply such as a well or municipal water utility to be used as domestic hot
water 60. Heat exchanger 52 is preferred to be a double wall construction type to prevent
leakage of coolant into domestic hot water. The domestic hot water may be heated to
proper temperature, usually around 125° F directly by heat exchanger 52 or may be only
partially heated to its desired temperature with heating to the desired temperature
accomplished by another heating stage (not shown) as is well known in the hot water
heating industry. Similarly, heat exchanger 53 operates to heat returning glycol or other
fluid 63 used in a radiant heating system to the proper temperature, usually around 150 ° F
to provide a supply of radiant heat fluid 62 or only partially with heat to the desired
temperature accomplished by another heating stage (not shown) as is well known in the
hydronic heating industry. Temperature sensors (e.g. RTD and other resistive sensors,
thermocouple, silicon junction, silicon bandgap, thermostats or aquastats) inside the heat
exchangers 52 and 53 sense the temperature of the domestic hot water supply and radiant
heat supply respectively and convey those temperatures to load control 25b via domestic
heat sense link 64 and radiant heat sense link 65 respectively as known in the respective
industries. Load control 25b operates to adjust the opening of one or both of valves 54 and
55 to maintain radiant heat supply and/or domestic hot water supply at or near a desired
and preferably constant temperature. Valve opening may be controlled such that the valve
is either fully open or closed with heating controlled by the time of opening, or partially

opened with heating controlled by the amount of opening, or a combination of the two.
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[Para 154] Figure 10 elements 52 - 65 will be understood to be common and ordinary
components of hydronic and hot water heating systems as are known to the person of
ordinary skill. In some systems it may be desired that temperature sensors be omitted (but
not relief valves) where the heat exchanger 52 or 53 can only partially heat to desired
temperature and another heating stage is used. It is desired that both the domestic hot
water system and radiant heat system include additional heating stages to ensure both
systems operate when generator 13 is not running. When generator 13 is running and at
operating temperature, if the domestic hot water temperature and/or radiant heat
temperature as sensed via 64 and 65 respectively is below the desired temperature load
control 25b causes opening of the corresponding valve. Generator temperature will be made
available to the load control via communications link 27a. It is desired that the radiant heat
system be controlled so that when generator 13 is not running the radiant heat fluid is not
circulated through heat exchanger 53 which might lead to some inefficiencies due to heat
loss in 53. Other arrangements of the system and its components will be possible from the
teachings herein.

[Para 155] As another example, one or more battery pack(s) in an energy storage system
such as that utilized in an electric or hybrid vehicle, or wind turbine, and in particular a
battery pack stored in an unheated location, may be heated by connection to radiant supply
62 or by a separate heat exchanger in order to prevent excessive cooling and/or to maintain
the temperature of the batteries at or near optimum temperature for the type and intended
use of the battery. In addition, during charging the excess heat from the battery may be
removed by the same system and used to heat other devices or systems, for example such
as the radiant heat supply or domestic hot water. The integration and operation of such
additional heating and cooling connections and control thereof by the load control 25b will

be within the skill of one of ordinary skill from the teachings herein.

Page 73 of 108

215



[Para 156] Also, it will be desirable to regulate the cooling of the generator 13, which is
provided by its own radiator, in order that sufficient heat is available to the heat exchangers
when needed, and when heat is not needed by the heat exchangers the generator radiator
dissipates sufficient heat to keep the generator properly cooled. This heat management may
be had by proper choice of the generator’s cooling thermostat temperature, somewhat
above the highest output temperature of the heat exchangers. In the above example if the
generator’s thermostat is chosen to be160 ° F it will open and cool the generator
independent of the heat exchangers if sufficient heat is not drawn away from the generator
by the heat exchangers. The proper handling of these operation details and considerations
will be apparent to one of ordinary skill from the present teachings.

[Para 157] It may be desirable that the system of Figure 10 be used with a fuel cell which
has its electrical output connected to the output of the transfer switch in the same fashion
as the solar panel 50 of Figure 8. This will provide more continuous heat for use by the heat
exchangers 52 and 53. Alternatively, because most fuel cells include one or more internal
heat exchanger that heat exchanger may be used to heat the domestic hot water and/or the
radiant heat. As with the generator example above provisions must be made to ensure
proper cooling of the fuel cell in the event sufficient heat is not drawn away by the heat
exchanger. The proper handling of operation details and considerations will be apparent to
one of ordinary skill from the present teachings.

[Para 158] The coupling of a second form of energy (heat) from generators and other
power sources such as fuel cells for use in the heating of domestic hot water and radiant
heat supply is given by way of example and one of ordinary skill will recognize from the
present teachings that other forms of energy may be produced, recovered, transmitted,
stored and/or utilized to power devices or systems for which it is desirable to utilize that
energy. Such systems may utilize the teachings and features of the preferred embodiment

of the present invention to benefit from improved management of energy therein as will be
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known to one of ordinary skill. For example, some vehicles are known to utilize stored
compressed air for power and energy may be managed in a gaseous form utilizing the
inventive concepts disclosed herein.

[Para 159] Figure 11 shows a simplified diagram of a load which may also be utilized as a
power source which the present invention may be used with. In this example the load is
shown as a battery (or battery array) which may be charged to store power. Such batteries
may be part of a green power system such as a solar panel, wind or water turbine and may
be permanently located or otherwise such as installed in an electric or hybrid vehicle,
described in more detail with respect to Figure 12. Other forms of energy storage may be
utilized in place of the battery, as long as suitable interface devices to store and recover
stored energy are used as will be known to one of ordinary skill from the teachings herein.
For example energy storage forms using compressed air in a container, heat in a vessel,
fluid pumped to an elevated reservoir, mechanical such as a flywheel or spring, and many
other suitable forms may be resorted to by the person of ordinary skill.

[Para 160] In Figure 11 a connection 71a from the transfer switch (preferred to be made
via a circuit breaker which is not shown), for example a high current 240 volt connection
such as discussed herein with respect to a vehicle battery charger, is made to the input of
battery charger 66 and output of DC to AC inverter 67. The output of the battery charger 66
is connected to the battery 68 and the battery 68 is also connected to the input of DC to AC
inverter 67 which when it operates is preferred to synchronize with and parallels power (if
any) available at the transfer switch output. U.S. Patent 7,338,364 describes this type of
power inverter. It is possible that both charger 66 and inverter 67 will be in close proximity
to the battery 68 in order to minimize wiring costs and it is possible that both charger 66
and inverter 67 will be combined into one instrument. Both charger 66 and inverter 67 are
connected to load control 25 (nhot shown) via communications links 69 and 70. The

communications may be combined in one communications link if desired. In this fashion
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power from the transfer switch may be utilized to charge the battery or the battery may be
used to power the inverter 67 to provide AC power to the other loads or to the power grid,
all under control of load control 25. In particular the battery array of an electric or hybrid
vehicle may be utilized in order to provide backup power to one or more loads in the event
of a failure of the power grid.

[Para 161] Recalling that many homes only have a 100 amp service from the grid it
normally would be unwise to use a 90 amp connection from the transfer switch to the
battery charger due to the risk of overloading the service connection. When, as in this
example, the charger can be controlled by the load control to keep its maximum load to the
service at a much lower level, for example 20 amps, or to otherwise prevent overload of the
service connection, a larger capacity connection may be utilized as will be understood from
these teachings. The load control may at any time monitor the charge of the battery 68 via
the charger 66 and communications link 69. If the battery has a sufficient charge and the
load control needs to have additional power available, such as during a grid outage or
during a high load conditions, the load control may turn off the battery charger 66 and turn
on the DC to AC inverter 67, thereby taking power from the battery to be used elsewhere.
[Para 162] In this example, having the 90 amp connection to the battery inverter 67 will
allow a significant amount of power to be supplied, almost enough to replace the entire 100
amp service in the event of a grid power failure. Of course the power taken from the battery
may be utilized for other applications as previously discussed, including supplementing grid
power during heavy loads or expensive power rates or even selling power back to the utility.
One will recognize that it is also possible to charge the battery with cheap power from
another source such as solar panel 50 or at a time of availability of cheap power from the
grid 12 such as at night. That cheap power which is stored in the battery may then be used
when power from the grid (or other sources) is more expensive, or may even be sold at a

profit. Control of charging and discharging of the battery 68 by load control 25 may also
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take into account the timing and need of power for other uses as well, such as driving the
vehicle which the battery is installed in.

[Para 163] Figure 12 shows a diagram of an embodiment of the invention which is used
with an energy storage battery 68, optional communications link 73 and charging generator
72. Battery 68 and DC to AC inverter 67 are configured as a backup power supply to be
used in the event of a power grid failure. Power grid 12, loads 16-19 and 48, load control
25Db, load switches 22b and 22c, load limit 43, communications links 26a - 26¢, 45 and 46
and transfer switch 47 are described above as in Figure 8. Battery 66, DC - AC inverter 67,
battery 68, communications links 69 and 70 operate as described above in respect to Figure
11, except that the battery charger 66 is connected to the output of the transfer switch via
71c whereas the output of DC to AC inverter 67 is connected to an input of the transfer
switch 47 instead of to the output of the transfer switch as in Figure 11. If it is desired to
provide power from 67 to the power grid, synchronization with and parallel operation may
be obtained with the connection moved to the output of the transfer switch. It will be
recoghnized that it will be necessary to disconnect the power grid in the event it fails.

[Para 164] The embodiment of Figure 12 will find use as a home backup system and in
particular where the battery (or battery array) 68 is contained within an electric vehicle
which is charged by battery charger 66 or a hybrid vehicle which may be charged by battery
charger 66 or by a generator 72. It will be known that generator 72 may be of any type
suitable for use with the battery 68, or with a vehicle which contains the battery, for
example an internal combustion engine or more preferably a fuel cell. It will be understood
that when the battery 68 is part of a vehicle that battery charger 66 detect and convey to
load control 25b when it is connected to the battery and similarly DC to AC inverter 67
communicate to load control 25b when it is connected to the battery. Of course when the
two are configured to be connected simultaneously, e.g. by a single connector, either

charger 66 or inverter 67 may convey the communications via a single connection. When the
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vehicle includes an on board generator operable to charge the battery, load control 25b may
communicate with generator 72 as desired via 73, it being preferred that 73 be wireless, or
included in the communications link 69 or 70. DC to AC Inverter 67 may also be located in
the vehicle. When the vehicle includes an operating system to manage those of 66, 67, 68
and/or 72 which are located in the vehicle, communications between those element and
load control 25b may be handled via a communications link with that operating system.
[Para 165] Battery charger 66 will be turned off by load control 25b whenever inverter 67
is selected by transfer switch 47. Generator 72 is preferred to be utilized to charge battery
68 whenever the battery is being used as an energy source for backup power and the
battery becomes discharged from that operation or is already in a discharged state when
needed for backup power. It is preferred that load control 25b operate to determine the
level of charge of battery 68 at or below which it is desirable to start the generator 72 to
charge the battery in order to maintain or extend the amount of energy which is available to
power DC to AC inverter 67 to be utilized as backup power in the event of failure of the
power grid 12. It is additionally preferred that in normal operation battery charger 66,
under control of load control 25b, operate to charge battery 68 with low cost power, for
example during night hours or from a low cost power source such as solar, wind or water
power as previously discussed. Thus battery 68 may be kept at or near a fully charged state
using low cost energy and used to power inverter 67 during power outages. Although the
battery 68 and related elements of Figures 11 and 12 are not shown in Figures 4-10 the
teachings related thereto generally may be incorporated with respect to any of Figures 4-
10. Figure 11 does not show a battery charger other than 66, however it will be understood
that the teachings of Figure 12 and in particular with respect to generator 72 will also be
applicable to the system of Figure 11.

[Para 166] If battery 68 is discharged to a predetermined level due to extended use for

backup power or lack of initial charge, generator 72 may be started by load control 25b (or
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otherwise by the vehicle’s own operating system) to recharge the battery. Load control 25b
is preferred to manage loads in order to minimize the discharge of battery 68 while
maintaining a user preferred level of power to various loads, either during normal backup
operation or during charging by generator 72 or both. As an additional consideration, while
generator 72 is preferred to be a fuel cell with no dangerous or annoying emissions, if
generator 72 is an internal combustion engine or similar generating device which emits
dangerous or annoying emissions it is preferred that the facility such as a garage in which it
is housed (if any) include provisions for suitable ventilation and other protection against
such emissions. Such protection is desired to be controlled by or otherwise monitored by
load control 25b in order to ensure safe operation of generator 72. In an example of such
protection, a garage will be fitted with an exhaust fan and monitor for potentially dangerous
emissions (e.g. a carbon monoxide monitor) which fan is started when or near the time
which the generator is started with the fan not being shut off by load control 25b until after
generator 72 is stopped and carbon monoxide levels (and any other potentially dangerous
emissions) are verified via the monitor(s) to be at or below safe levels. The exhaust fan is
preferred to be otherwise controlled by load control 25b to run whenever the level of any
emission is above safe levels.

[Para 167] Figure 13 shows a simplified diagram of a combination of load coupler 80
configured with a load 18 shown as a typical air conditioner and communicating with load
control via link 26c¢ in order to control the coupling of power from the transfer switch to the
load as taught above and as will be explained further in respect to Figures 14 and 15.
Control link 26c may be of any type previously described but will be shown by way of
example in Figures 14 and 15 below as a wireless link. As described herein the power and
loads may take on various forms however for purposes of explaining the invention
description will be given by way of single or multiple phase electrical power in commercial

voltage and currents available to homes powering loads which are relatively heavy as
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compared to the utility service, for example electric air conditioners. Accordingly, 80 may
also be configured as a load limit 43 if desired to provide control of suitable loads as
discussed herein.

[Para 168] Figure 14 shows a detailed diagram of a commercially valuable embodiment of
load coupler 80. Power from the transfer switch is controllably coupled to the load 18,
shown in this example via controllable relay 34 which may be a latching or a simple type as
desired. If desired, relay 34 may be replaced by or combined with a current control circuit
44 which communicates unidirectionally or bidirectionally with microprocessor 37 to control
or limit current to the load as an implementation of load limit 43 previously discussed. It is
preferred that by using microprocessor 37 and user interface 77, load coupler 80 may be
manufactured as a standard device with each of multiple devices configured via the user
interface 77 at the time of installation in a particular system to match the particular load
being controlled.

[Para 169] Additionally the load coupler 80 may be designed such that optional features,
for example such as the aforementioned current control, or different size latching or simple
relays, may be installed after manufacture as desired. For example it will be desirable for
the installer to have the ability to install a current control and/or relay of proper current
rating to match the load. Once a unique name or other identifier is assigned to a particular
coupler 80 via the user interface (or in manufacture), other configuration and test settings
may be made via the user interface 77 or via a load control 25 or both. It is further desired
that the installer have the capability to operate current control 44 and/or relay 34 and to
operate, calibrate, test and/or check other functions such as battery charge,
communications integrity and operation of sensing functions from either the user interface
77 or the load control 25 or both.

[Para 170] A latching relay which operates independent of external control from 37 to

drop out and latch open when the voltage from the transfer switch rises above drops below
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known levels (setting a range of permissible voltage) is useful in protecting the load. This
type of operation achieves high immunity from momentary disconnection due to over and
under voltage conditions which frequently accompany power loss situations. Utilizing a
relay which automatically drops out and latches provides a degree of protection which is
independent of the other control circuitry, e.g. the relay will drop out independent of the
control circuitry but the aforementioned capabilities may also be provided via
microprocessor circuit 37 if desired.

[Para 171] If utilized, the latching operation may be configured to latch open only, or latch
open and closed. Additional protection including noise and spike filters, snubbers, limiters
or absorbers such as transient voltage suppressors (e.g. TVS diodes) may be utilized (not
shown) to protect the load from such unwanted occurrences as will be known to the person
of ordinary skill in the art from the teachings herein. For example, when a simple relay is
used momentary high voltage spikes may be passed to the load causing unwanted
operation or damage and momentary disconnection of the load due to brown out or other
low voltage conditions may cause unwanted operation or damage. For example a short
disconnection during a brownout may cause an attempt to restart an air conditioner
compressor with a high head pressure as previously discussed. By use of a latching relay
operating to drop out and latch independent of control circuitry an extra degree of load
protection is provided.

[Para 172] Because microprocessors are low voltage and low current devices a current
driver and/or voltage translator must often be used to provide a higher voltage and/or
current to energize the coil of relay 34 than the microprocessor alone can provide. Such
current driver (or voltage translator) may be incorporated in the microprocessor circuit 37,
or the relay 34 or elsewhere. Accordingly the energizing the coil of relay 34 may be
dependent on power from the transfer switch (which would directly or indirectly power the

relay coil) thus allowing short voltage transients to cause the current to the relay 34 coil to
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lower to the point of allowing the relay to briefly disconnect the load. That brief
disconnection can happen even though microprocessor circuit 37 maintains a constant
command to the relay coil driver circuit intending to keep the load energized. In this
example the use of a latching relay which will latch off in the event of a momentary dropout
will avoid a relatively quick restart of the load and the resulting damage. Other types of
relays and disconnect and connect operations may be utilized to prevent or reduce such
problems if desired as will be known to the person of ordinary skill in the art from the
teachings herein.

[Para 173] If a latching type relay or other circuit more complex than a standard relay is
used, it is preferred that relay position circuit 79 be included in order that the
microprocessor may know which position the relay or other circuit is in and in particular
may know when the relay drops out. Such knowledge will be useful for example when
voltage transients not timely sensed (or not sensed at all) by the microprocessor 37 occur.
The relay position information will also be useful in the event the microprocessor is not
programmed to store the relay setting when a change is made, or when the microprocessor
is caused to reboot such as might happen in response to a monitoring routine, or as a
failsafe to verify that the relay actually switches to the position commanded by the
microprocessor.

[Para 174] The control of the relay is provided by the microprocessor 37 in response to
various inputs and programming as described elsewhere herein. In particular a current
monitor 23d provides a measure of current provided to the load to 37 and a voltage
monitor 78 provides a measure of the transfer switch voltage to 37. While the control of the
coupling of power from the transfer switch to the load is shown in Figure 14 by way of
example as a relay, it may also be performed by other circuits as well, for example by way
of current control, current limiting or otherwise as will be known to the person of ordinary

skill from the teachings herein.
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[Para 175] A battery & battery charger 74 provides backup power to the various elements
of 80 as desired in order that they may continue to operate in the absence of power
provided by the transfer switch. The output of 74 may be AC and/or DC at any voltage
desired to fit a particular use and application of 80 as will be known to the person of
ordinary skill in the art from the teachings herein. In the preferred embodiment of Figure 14
it is desired that the battery be a rechargeable type and that it be charged whenever AC
power is available from the transfer switch. It is further preferred that 74 include a
switching type power supply to provide the desired DC and/or AC power at various voltages
(and frequencies) which are needed by the various circuits within 80 in order that all desired
circuits are operational whether AC power is available from the transfer switch or not. In this
manner 80 may operate to provide control of the coupling of power to the load as taught
herein. In particular, in the event grid power is lost and there is a delay before power is
restored via the transfer switch, microprocessor 37 will have recorded the state of power
consumption by the load immediately before power loss, will have a timer to determine the
amount of time power has been lost and will have available load characteristics and/or
other data which is used to determine the manner in which backup power may be coupled
to the load when available. As one example, when an air conditioner compressor was
running when the power is lost the microprocessor will know not to couple backup power
from the transfer switch to the air conditioner until sufficient time has passed to allow head
pressure to bleed off thus preventing excessive starting current or compressor stall. The
user interface 77 may operate to provide various interaction between the user and
microprocessor, and via the microprocessor to the load control as described elsewhere
herein and in addition allows an installer to configure 80 to operate with a particular load.
[Para 176] In particular, it is desired that the microprocessor and/or load control may be
accessed via user interface 77 in order to identify the particular load (and its characteristics)

to the system and configure the system and/or microprocessor 37 to the particular load at
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the time load control 80 is installed in the system, or at subsequent times for example such
as when the load or its characteristics are changed. This user capability will facilitate
physical installation of 80 in near proximity to the load, for example at an outside air
conditioner compressor and will reduce the number to trips between the load (and 80) and
the load control which likely will be located near the transfer switch, the utility service
entrance or a location convenient to the home owner.

[Para 177] Figure 15 shows a commercially valuable embodiment of load control 80 like
that of Figure 14 but which is physically separated into two sections, a high voltage section
80H and a low voltage section 80L. The two sections will facilitate design and manufacture
to meet a particular application, including various testing and regulatory approvals. The low
voltage section may be configured to provide a desired level of features and functionality
for a particular system of level of systems and the high voltage section may be configured
to provide a desired level of features and/or type of control of the load. Both sections may
for example have options which may be installed after manufacture, such as the
aforementioned capability of having relay and/or current control options installed at the
time of installation to match operation of 80 with a particular load. It is desired that the
interface between the low and high voltage sections be compatible for all combinations
thereof. For example, the low voltage section may be configured in several models starting
with a basic, low cost model with wired communications and a simple user interface to allow
the user to only assign an identifier to each device in a small system with advanced, higher
cost models (or installation of options) providing more features such as keypads, LCD
displays, additional configuration and advanced programmability capabilities, wireless
communications, etc.

[Para 178] The high voltage section may likewise configured in several models from low
cost basic to higher cost advanced models (or installation of options) to accommodate

various power sources and loads such as particular operating voltages, maximum load
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currents and multiple power phases. In this fashion a manufacturer may sell a small number
of low voltage section models and a small humber of high voltage section models with a
particular system installer choosing the type and number of each model and options to
match the particular system being installed. Additionally separate high voltage models may
be utilized for relay or current control or a single model may incorporate both relay and
current control or may incorporate multiple relays and/or current control devices. The high
voltage devices may be controlled by a lesser number of low voltage sections or even a
single low voltage section if desired, the latter being particularly well suited for utilizing the
invention with, or incorporating the invention into, the transfer switch, power entrance
service panel, a power sub-panel or any of the various local power generating devices
taught herein, for example with respect to Figure 8.

[Para 179] As an example of the usefulness of separate sections and options, a
manufacturer might offer only one low voltage section with options for: user keypad, LCD
display, relay 83 and wireless communications link 29k and two high voltage sections, one
for single phase and one for multiple phase power, each with options for: current sensing,
latching or simple relays of differing voltage and current ratings, current control circuits for
differing voltage and current ratings.

[Para 180] The physically separated sections 80H and 80L will also facilitate installation
and operation of the invention. For example by keeping all of the high voltage components
in the 80H section safety is enhanced by only having a minimum number of circuits which
are potentially exposed to high voltages and to electrical interference and noise created by
controlling high voltages and currents. Additionally physical size is kept to a minimum
thereby facilitating installation of that section near to or within the enclosure which houses
the load. On the other hand, the low voltage section may be designed without overdue

attention to high voltage, high current, interference, noise, regulatory and safety
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considerations. For example, by utilizing only low voltages in the 24 volt and below range
various regulatory approvals will not be needed for the 80L section.

[Para 181] Figure 15 shows an embodiment of the invention where high voltage and high
current (e.g. a 240 VAC 50 amp supply) from the transfer switch is coupled to the load 18
via a relay with a 24 VAC control (coil). In addition a class 2 (dry environment) or class 3
(wet environment) 240 volt to 24 volt transformer 81 is utilized to provide low voltage for
the 80L section. It is desired that 81 be connected to the 240 volt power physically close to
80H in order that the 24 volt output may be used by microprocessor 37 (via 78) to monitor
the 240 volt power from the transfer switch. For example in a simple form the 24 volt AC
output of 81is monitored by the microprocessor circuit 37 to determine and compare the
RMS voltage to a high and a low limit. If desired, the amount of time that voltage exceeds
the high limit or falls below the low limit may be monitored as well. If the voltage falls
outside of either acceptable limit for more than a predetermined time then the
microprocessor circuit 37 may actuate relay 83, which in turn causes relay 34 to open thus
disconnecting the load 18 from the transfer switch. The parameters for the high and low
voltage limits as well as the aforementioned time duration are preferred to be
programmable in order to protect load 18 from damage as well as to prevent it from
contributing to overload and possible damage of the backup power source during a power
outage as will be known to one of ordinary skill in the art from the teachings herein. If
desired a current monitor 23d, such as the aforementioned current transformer may be
incorporated, as well as a relay position circuit 79 may be included to facilitate
microprocessor circuit 37 control of power coupling to load 18.

[Para 182] Supply 81 is preferred to be a 24 volt AC transformer to provide low voltage
power to section 80L and is chosen because it is a readily available standard device used in
home heating and air conditioning controls, doorbells and elsewhere. Other AC or DC

supplies may be utilized if desired, for example plug in 120 volt to low voltage AC or DC
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power supplies frequently referred to as “wall warts” may be utilized. In addition, the battery
charger and/or battery of 74 may be incorporated as well. It will be noted that if a power
supply which incorporates a voltage regulation circuit is utilized, the regulation will prevent
monitoring of the voltage of the power from the transfer switch except for the loss of power
causing the output of 81 to shut down. If a simple voltage presence is all that is desired
then that may be monitored via microprocessor circuit 37 but if a more accurate indication
of the actual voltage is needed other provisions will be required as discussed elsewhere
herein.

[Para 183] Relay position circuit 79 is simply shown in the drawings as a connection from
the relay 34 to the microprocessor circuit 37. The relay position circuit is preferred to
incorporate a switch or switches which are coupled to the position of the movable portion of
the relay, e.g. its armature, or to otherwise respond to its state, in order to open or close
electrical circuitry in response to that position or state. Coupling may be by mechanical,
maghnetic, optical, electrical or other well-known coupling and the switch action itself may
be mechanical, magnetic, optical, solid state or other well-known action. For a two state
(open/closed) relay the switching action may indicate the relay closed or open or both as
desired. For example, a switch may close a two wire circuit when the relay is closed, or may
close a two wire circuit when the relay is open, or may include a three wire circuit with a
common, first wire and second wire with the switch closing the common to first wire circuit
with the relay in a first position (e.g. closed) and close the common to the second wire
circuit when the relay is in another position (e.g. open).

[Para 184] Relays may incorporate more than two positions or states, e.g. the open,
latched open, closed, latched closed of one type of latching relay, and the position circuit
79 may be configured to indicate all or a portion of the possible positions or states.
Additionally, as discussed herein the relay 34 may be replaced by or augmented with other

load control functions, circuits or devices, for example such as a circuit breaker capability or
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an electronic current limit with or without a switch, and the relay position circuit 79 may be
configured to indicate such operation(s). For example 79 may indicate breaker open,
breaker closed, breaker tripped open in response to excessive current, or 79 may indicate
relay open, relay closed, relay closed with a first current limit, relay closed with a second
current limit. The relay position circuit 79 may also be combined with other operations as
desired, for example the relay position 79 and current sense 23d may be combined to
report to the microprocessor 37 over a shared or common communications channel. As
another example the relay position 79 may be shared by a relay and a separate circuit
breaker with 79 reporting relay open, relay closed and breaker tripped conditions (note it
may be possible for the breaker to be tripped or closed while the relay is open or closed).
The selection of particular circuit(s), action(s) and coupling(s) to fit a particular load and
application will be well known to the person of ordinary skill in the art from the teachings
herein and may be resorted to without departing from the spirit and scope of the invention
as claimed.

[Para 185] Various circuit connections 82 for connecting the 24 VAC supply from 81, 24
VAC relay control, relay position and current circuit circuits to 80L are provided and it is
desired that these connections be selected to facilitate installation of the sections via low
voltage wiring, e.g. screw terminals, punch terminals or the like. Accordingly the
implementation of 80H may be performed with many off the shelf components, e.g. a U.L.
approved class 2 transformer and relay mounted in a U.L. approved enclosure (which may
be the air conditioner housing) and in a large number of air conditioners and other loads
the relay and transformer are already present such that only 80L needs to be added to
provide a controllable load 48. The low voltage portion 80L may then be installed nearby
the load, but in a location convenient to the installer, for example mounted in a waterproof
plastic case mounted to the outside of the load housing or an adjacent building wall. In

such an installation the connections from the load housing (or 80H) to 80L may be achieved
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by use of an 8 conductor cable such as common 20 gauge thermostat wire. If the current
transformer and relay position elements are not needed, such as in many air conditioners, a
4 or 3 wire (one side of the 24 VAC line will usually be common) thermostat cable may be
used. Other AC or DC voltages may be utilized as well.

[Para 186] Figure 15 section 80L includes a battery and charger circuit 74 to receive the
AC (or DC) voltage from an external source. In this example power supply 81 serves as the
external source, however power may be received from other sources as desired including
via one or more wired communications link. The 24 volt AC power is preferably also made
available to external devices via connections 82, and shown in this drawing as being used to
control relay 34 via relay 83 and dashed connections. Connections 82 which are preferred
to be readily available, low cost and easy to use terminals and can for example be spade
lugs, screw, press fit or quick connect terminals and may be assembled on open or enclosed
terminal blocks. The battery and charger circuit 74 provide backup (DC) power 75 with
microprocessor 37, wireless link 29k having antenna 76 (which may be internal or external
to 80L), user interface 77 and other circuits if desired, powered thereby. As with 74 of
Figure 14 a switching power supply may be incorporated to provide multiple output DC
and/or AC voltages as desired including power 84 to external connectors 82.

[Para 187] While DC voltage 75 could be coupled to external connectors, it is preferred
that 84 be a separate DC output which is isolated from 75 in order to protect 75, and the
circuits it powers, from any adverse effects which would be experienced if some external
device failed in a short circuit mode. In that event, power 84 might be shut down due to the
short circuit however 75 will continue unaffected. In the embodiment of 80L it is desired for
reasons of installation flexibility that the section includes a relay 83 which is controlled by
the microprocessor and that the relay contacts are made available for external connection
and further that one or more of these connections be current limited or otherwise

protected, in this instance shown by the use of 86 in the relay swinger circuit. DC voltage
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output(s) 85 from the microprocessor circuit are also preferred to be made available for
external connection as shown, including protection 86.

[Para 188] For example a microprocessor output may control a 12 volt DC supply
connected to a screw terminal as shown by 85. Connections to external connection
terminals, if not otherwise protected (e.g. as with class 2 or 3 transformers) are preferably
made via protection 86. Positive temperature coefficient (PTC) resettable fuses are
particularly useful choices for such protection but other means of protection including for
example current limiting circuits and devices, standard or other automatically resettable
fuses or standard or automatically resettable circuit breakers may be utilized if desired. In
this fashion 80L may be easily connected to 80H. 80L may as well be connected to various
types of systems and devices by providing DC and/or AC voltage sources as well as
normally open and normally closed relay contacts via screw terminal or other convenient
types of connections 82. As shown via dashed lines between 80L and 80H in Figure 15
these connections may be configured to control the coupling of power to the load in 80H.
[Para 189] In addition it is desired that the type and number of circuits and their
connections 82 be chosen in order to facilitate commonality of connections between various
models of high voltage and low voltage sections and in particular any circuits unused in a
particular installation be designhed such that having any unconnected terminal(s) will not
have an adverse effect on the system. For example if a highly featured low voltage section
80L provides for a number of connections 82 to the high voltage section 80H and external
devices such as 81, and it is desired that if a basic high voltage section 80H is connected to
that 80L, any unused circuits (or circuits which are intended to be used but are miswired or
defective) are automatically detected by 80L such that they are reported to the user
interface and/or load control, disregarded or the circuits are otherwise designed to

accommodate the lack of connection.
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[Para 190] One example in understanding this feature may be given in respect to current
sense 23d. If the low voltage section 80L is designed to accept a connection to 23d but the
high voltage section 80H is a basic model which does not include a current sense then 80L
is desired to operate to detect the lack of a connection to a current sense and operate
without it. This operation may be achieved via sensing the voltage, resistance or other
characteristic (for example such as impedance or capacitance) between the connections and
detecting a high resistance if there is no connection to 23d and a known resistance if 23d is
connected. The microprocessor circuit 37 may operate to perform this sensing or to
respond to other sensing circuitry. Multiple types of current sense devices may be detected
and accommodated in this fashion, assuming each type has a different resistance or other
characteristic. Previously present circuits which become disconnected, silent or otherwise
inoperative or suspect (e.g. because of unusual readings) may be detected via the
microprocessor circuit 37 and reported via the user interface 77, via communications link
29 to load control 25 or otherwise.

[Para 191] Another manner of accommodating unconnected circuits is via circuit design of
the particular circuit. For example a resistor or other component may be connected between
two current sense connections on the low voltage section 80L or the high voltage section
80H to ensure little or no static charge or noise will build up on the circuits and thus zero
current will be sensed and reported in the microprocessor circuit 37 if no current sense 23d
is connected. The resistor or other component may also be used to signify the presence of
the current sense 23d. If the current sense circuit 23d is connected the microprocessor
circuit 37 will eventually be able to detect or respond to a voltage on the circuit
(corresponding to a current flow in the load) when the relay 34 is closed and thus detects
that the current source is connected. The microprocessor circuit 37 may also detect or
respond to a voltage on the circuit (corresponding to a current flow in the load) and that

voltage (load current flow) going to zero immediately after the relay 34 opens and know the
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current sense is connected. At initial installation or other times the microprocessor circuit
37 may be caused to energize relay 34 to determine if a load sensor is connected, or to
energize an alternative voltage or current circuit in the high voltage section 80H to simulate
a current flowing to the load and thereby detect if the current sense circuit 23d is
connected, which may also be used to calibrate the current sense circuit. These and other
circuit operations and/or designs may be incorporated at either or both ends of the circuit
communications between the two modules or the connections themselves to allow detection
of connected or unconnected circuits, effectively communicating the configuration of one
section or device to another. Microprocessor circuit 37 may also be programmed by an
installer via user interface 77 and/or communications link 29 to identify the presence or
absence of particular models, devices, features, options and the like.

[Para 192] It is envisioned in the commercially valuable embodiments of Figures 14 and 15
(as well as those of the of the preceding Figures) that for cost reduction reasons the
microprocessor circuit 37 will be configured to perform many of the functions and features
described, with the relays 83 and 34, current control 44, wireless communications link 29k
and associated antenna, user interface 77 and battery and charger 74, current sense 23d,
and power supply 81 being separate circuits for reasons of their diverse physical and/or
electrical requirements. For example relay 34 is required to handle high voltages and
currents which with present technology make it difficult to incorporate that relay function
into the microprocessor circuit 37. In keeping with the teachings herein, the load control 80
(or 80H and/or 80L) of Figures 14 or 15 and their individual circuits and functions may be
configured by the person of ordinary skill in the art to fit particular needs and sets of
requirements It is envisioned however that in the practice of the invention for particular
applications and their requirements that combining various of the individual circuits and
functions, and/or further separating of combined functions, removing features and

functions as well as adding additional features and functions may be useful. Additionally,
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for higher volume applications it is envisioned that ARM and RISC types of processors, along
with embedded designs and even ASIC devices will become attractive technologies for
implementing portions of the present invention.

[Para 193] Figure 16 shows a simplified diagram of a further load control embodiment 88
which is coupled to power from the genset which is supplied via a transfer switch and
controlling the power supplied to a load 16 with a current control 44. The load control
circuit 25c, senses one or more parameter of the power, in this example the A.C. power
frequency via connection 87 as well as the current drawn by the load via a current sense
23d and controls the current delivered to the load via control of current control 44. Load
control 25c may also sense the voltage, distortion or other parameter of the power via 87
and incorporate those measurements into the control. In this embodiment the load control
circuit 25c will operate to sense the power frequency (and/or voltage or other parameter)
via 87 or otherwise and when the load in the genset nears or enters an overload condition
the power to the oven will be reduced or limited or even turned off, thereby preventing or
removing a genset overload.

[Para 194] Figure 17 shows a simplified diagram of a further load control embodiment 89
which is coupled to power from the genset and connecting or disconnecting the power
supplied to the load via switch 34. The load control circuit 25d senses one or more
parameter of the power, in this example the A.C. power frequency (and/or voltage or other
parameter) via connection 87 and controls the connection of the load. In this embodiment a
clothes dryer 17 is shown as the load by way of example and it will be recognized that if the
voltage to the dryer were to be reduced by any substantial amount the electric motor which
provides rotation of the dryer drum could overheat and be damaged. Otherwise, any
slowing of the electric motor caused by reduced voltage (even for synchronous motors)
could cause reduced airflow through the dryer and create a fire hazard. For these reasons it

is more desirable to simply switch the dryer on and off via switch 34 than to attempt to limit
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the current supplied to the dryer. The embodiments of Fig. 16 and 17 may operate with
power inputs from any power source known in the art in which one or more parameter of
the power changes as the load on the power source approaches maximum or enters
overload, or a novel power source in which one or more parameter of the power is
controlled in response to the load thereon as will be described in more detail below.

[Para 195] Figure 18 shows a more detailed diagram of the preferred load control circuit
25c having a transformer 81 which is connected to the A.C. power via 87, a frequency
measurement circuit 90 responsive to the A.C. power via transformer 81 and supplying
frequency information to microprocessor 37. A power supply 74 receives low voltage A.C.
power from transformer 81 and supplies power to the circuitry of 25c as necessary. A user
display 91 and user input 92 allow a user to communicate with the microprocessor 37 and a
timebase 93 provides time information to 37. A current measurement circuit 95 is
responsive to a current sensor 23d (not shown in Fig. 18) to provide load current
information to 37 with 37 operating to communicate with a switch and/or limit driver circuit
94 to control the associated load. Microprocessor 37 may also be configured to sense one
or more parameter of the power for example such as the voltage at 87 either directly or
from the output of transformer 81 by using a voltage measurement circuit or otherwise as
will be known from the present teachings. It will be recognized that the circuit may also be
used as the load control 25d and if desired may eliminate or not utilize the current
measurement circuit 95. Additionally the circuit of Fig. 18 may also be utilized to control a
parameter of the power for example such as by control of the frequency and/or voltage of
the A.C. power supplied by the genset in response to the load on the genset as will be
described further below.

[Para 196] Load control circuit 25¢c may include a transformer 81 coupled to the A.C.
power from the genset (e.g. which is supplied for a particular load) and to provide a safer

low voltage for use by the circuitry. In particular it is desired that 81 be the aforementioned
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Class 2 (dry) or Class 3 (wet) transformer having an input voltage matching the genset
voltage (e.g. 120 volts) and an output voltage of 24 volts as is well known in the genset
industry. Other types of transformers may be utilized as well to fit particular needs. Power
supply 74 is preferred to receive the A.C. voltage from the transformer and provide battery
backed up D.C. power out at a voltage, or voltages, utilized by the circuitry of 25c. In
particular 5 or 3.3 volt outputs for powering the various circuits 90-92, 37 and 93-95 are
desired.

[Para 197] A microprocessor circuit 37 is provided which operates to interface with the
circuits 90-92 and 93-95 to receive A.C. power frequency information from frequency
measurement circuit 90, optionally receives parameters such as voltage information from
87 or otherwise, receives timebase information from timebase 93 (which may be provided
by the crystal oscillator for the microprocessor clock and internal circuitry), current
information from current measurement circuit 95, and user information from a user input
92, and to provide messages to the user via user display 91 and control of the current
control 44 of Fig. 16 or load switch 34 of Fig. 17. Optionally the circuitry may provide
control of the speed of the genset engine or voltage of the generator output (not shown) via
an electronic switch/limit driver circuit 94. User display 91 may be of any type well known in
the art suitable to display messages to the user as taught herein and may also be utilized to
facilitate user input, to display operating conditions, provide fault warnings and to display
other messages as will be known to the person of ordinary skill from the teachings herein.
User input 92 may be of any type well known in the art suitable for input by the user as will
be known to the person of ordinary skill from the teachings herein. User display 91 and user
input 92 may be combined if desired, e.g. via a touchscreen.

[Para 198] It is preferred that 25c be mechanically configured in order that it may be
physically located next to current control 44, load switch 34, the controlled load, e.g. 16 or

17. In particular it is desired that it be incorporated with those components within their
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enclosures for ease of installation. In particular, by incorporating the elements as shown in
Fig. 16 and 17, or within the load, or within the genset the additional wiring necessary for
connection of the load, or the genset is kept to a minimum. In this fashion control of
individual loads may be provided without the need for a more complex load control
communicating via links to a plurality of load limits and load switches thus providing
flexible and cost effective overload protection, but at the potential cost of accuracy due to
reliance on power parameters measured at that load as compared to the embodiments of
the earlier figures which may operate with accurate measurement of the total power output
of the power generator.

[Para 199] In operation 25c or 25d is preferred to monitor power parameters for example
the A.C. frequency (and/or voltage) of the supplied power and control the load accordingly.
In particular the characteristics of the frequency (and/or voltage) versus load are preferred
to be programmed into the microprocessor either at manufacture or by the user during
installation in order that the microprocessor may know if the load being supplied by the
generator is below overload, near overload, slightly overloaded, significantly overloaded or
highly overloaded. It is also preferred that the microprocessor be programmed in order to
know the type of load being controlled and its priority and to control the load, via driver 94
according to the amount of overload, the time that amount of overload has existed and
particular characteristics of the load.

[Para 200] As one example if the genset is nearing overload the load control circuit will
operate to prevent a low priority load from being connected to prevent additional loading of
the genset, or to disconnect or limit the current supplied to a low priority load in order to
reduce the load already coupled to the genset. As another example if the genset suddenly
becomes significantly or highly overloaded a low priority load would be prevented from
being connected or immediately disconnected if it is connected. Lower priority loads are

preferred to be connected only when the genset is below overload, or if a high priority load
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is relatively small it may be connected when the genset is only slightly overloaded. If already
connected when the genset goes into any overload condition the higher priority load would
be disconnected only after a time delay (set by the user) in order to give other lower priority
loads time to be disconnected by their controllers. In this respect it may be recognized that
a plurality of Fig. 16 and/or 17 load controls may be utilized with each one programmed
with a different time delay in order that the lowest priority load is disconnected first, thus
avoiding the prior art problem of disconnecting all lower priority loads simultaneously. In
addition a low priority load may be disconnected or left unconnected with no attempt to
reconnect the load being made until the genset is below (or well below) overload thus
preventing the prior art problem of blindly connecting low priority loads. Of course multiple
driver 94 and/or current measurement circuits 95 may be incorporated within load control
25c in order to monitor and control multiple loads according to the teachings herein.

[Para 201] Additionally in 25c or 25d current measurement 95 may be utilized to monitor
the current drawn by a load and to control that or other loads accordingly. For example if
the load is one that should not be connected immediately after is disconnected, such as an
air conditioner compressor, 95 may be utilized by the microprocessor 37 to determine when
the load was last drawing current and a timer used to prevent reconnection before it is safe.
It is preferred that the microprocessor 37 have stored parameters pertaining to at least the
frequency at which the genset is exhibiting an overload, and may also have stored
parameters pertaining to time durations versus overload and parameters pertaining to the
load being controlled, priorities and desired system operation. The stored parameters may
be stored at the time of manufacture, at the time of installation or later, e.g. via user input
92, or may be determined by the microprocessor during operation and stored for future
use.

[Para 202] A novel feature of load control circuit 25c is that it may be utilized to control

one or more parameter of the power output from the genset in order to convey load
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information to load controls 88 and 89. For example the speed of the genset engine and
thus the power frequency, and/or the alternator control and thus the voltage, of the output
A.C. power may be controlled as a measure of the loading of the genset. In this fashion this
reasonably accurate measure is coupled to individual load controls for control of those
individual loads without the need for separate communications therebetween. In this
fashion the prior art need to hard wire communications from the transfer switch to the load
contactor is eliminated while at the same time improving the accuracy of overload detection.
This capability is particularly useful with typical gensets which have an engine sized such
that the alternator will overload before the engine slows down, but is also useful for gensets
where the engine will slow down first. The current supplied by the genset is preferred to be
sensed with a current sense such as 23d which is coupled to current measurement 95. That
current is then utilized by the microprocessor 37 to generate a control signal (or a plurality
of control signals) via driver 94 which is coupled to the genset engine’s engine control
module, or otherwise to the throttle of the engine in order to control the engine speed and
thus the power frequency by know amounts in response to the load.

[Para 203] The driver 94 or another driver may also be coupled to the alternator to control
the voltage output if desired, either in addition to frequency control or in place of frequency
control. For example if the genset is at 95% of its rated load the power frequency can be
lowered from a steady state 60 Hz to for example a steady state 59.5 Hz. If voltage
adjustment is used the voltage may be lowered from a steady state 120 volts to 115 volts.
These are relatively small amounts but may be measured by frequency measurement
circuits 90 and/or voltage measure function of 37 in individual load controls to signify that
the genset is nearing full output capability. It is preferred that a microprocessor 37 which is
utilized for such frequency and/or voltage control have stored parameters related to current
levels relative to overload and desired frequency and/or voltage relative to current or

loading levels. The stored parameters may be stored at the time of manufacture, at the time
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of installation or later, e.g. via user input 92, or may be determined by the microprocessor
during operation and stored for future use.

[Para 204] If the genset goes into overload, for example 105% of its rated load, the
microprocessor can then operate to adjust the frequency and/or voltage to a different
amount, for example 59 Hz and 110 volts. This will let the individual load control circuits
know that the genset is slightly overloaded in order that they can control their loads
accordingly. For example at this value one or more low priority loads can be limited or
disconnected, preferable in sequence according to their priority with the lowest priority
loads being disconnected first, until the genset load returns to an acceptable amount which
would result in the genset control returning the frequency to 60 Hz and 120 volts. For very
low loads the frequency could also be increased, for example if the genset is only loaded at
50% the frequency could be set at 60.5 Hz and the voltage set to 125 volts.

[Para 205] Of course setting engine RPM and/or frequency accurately in response to load
is useful in the preferred embodiment and the microprocessor 37 may operate to sense that
RPM indirectly by monitoring the power frequency via 13 and sense voltage via its voltage
circuit. In this fashion highly accurate settings may be established with any inaccuracies
being sensed and removed or reduced via adjustment of the control provided to the engine
via 90. It is noted that the use of frequency measurement circuit 90 and voltage sensing
circuitry in 37 are provided by way of example and one of ordinary skill will know to
practice the invention with many variations of circuitry and microprocessor types 37. For
example separate voltage and frequency circuits may be utilized with their outputs coupled
to 37, a combined voltage and frequency circuit may be utilized with its output coupled to
37, or for some microprocessors having analog input capabilities, e.g. one with an analog to
digital converter, a low voltage version of 87 (e.g. the output of transformer 81 coupled via
a resistor divider or otherwise) may be coupled to 37 as known in the art and any desired

power parameter or combination thereof may be determined directly thereby.
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[Para 206] It is preferred to accurately control engine RPM and many gensets already
incorporate a frequency control circuit so that the driver 94 should be coupled to that
frequency control instead of the engine control module or throttle. It is also possible to
modify some frequency control circuits to accomplish a known relationship between power
frequency and genset load without the use of the full circuitry of 25c. It is still further
possible that the voltage regulator or other circuitry of the alternator which controls output
voltage may be coupled to be controlled via 37 utilizing a driver circuit 94 or otherwise or
that that control circuitry may be modified to provide a known relationship between output
voltage and power without utilizing the full circuitry of 25c as will be known from the
teachings herein. Further, both voltage and frequency control of a genset may be utilized to
convey load information to load controls.

[Para 207] Whether there is a dedicated control of genset frequency or voltage in response
to the load, or merely a simple engine speed or alternator control without any controlled
response to load (e.g. via a circuit 25c), it is possible for the microprocessor of a load
control 25c to operate to infer load conditions by measurement of one or more parameters
of the output power. One or more of frequency, voltage, distortion and noise changes which
take place as loads are connected and disconnected as previously described may be utilized.
Performance of a genset generally decreases as it approaches overload and that decreased
performance often results in measurable changes in one or more parameter such as
frequency, voltage, distortion and noise which may be utilized to sense loading. As an
example, when the genset is lightly loaded a refrigerator motor starting might cause the
frequency to only dip .1 Hz for 3 seconds and when the genset is nhear maximum load the
same motor starting would cause a .3 Hz dip for 3 seconds. The voltage might dip one volt
if lightly loaded and 5 volts if near maximum. Distortion, such as sine wave distortion of the
power might not increase at all if lightly loaded but jump to 5% if near maximum output and

noise might increase by 10 Db.
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[Para 208] More generally, for a particular genset the parameters such as frequency and/or
voltage variations of the output power may be known to increase in size or duration as the
genset approaches full load or enters overload conditions. By monitoring these parameter
changes which take place with the somewhat random normal load changes during operation
the microprocessor may estimate the amount of load. In particular by utilizing the
aforementioned circuitry to perform current and voltage measurements combined with
either a known connection of a load such as an air conditioner compressor or the somewhat
random changes of normal operation it will be possible to estimate the total load on the
genset. Such monitoring is particularly useful for controlling large loads where it is
undesirable to allow those loads to impart large step loads to an already heavily loaded
genset.

[Para 209] The above described feature of determining genset loading from output power
parameters such as the frequency, voltage, distortion or noise resulting from a particular
load change is particularly useful when multiple loads are controlled by a given load control
circuit. In this fashion differing loads of differing priority may be controlled to optimize
powering those loads without overloading the genset, according to information about the
loads, genset, priorities and desired performance of the system as programmed in the load
control operation time of manufacture, or manually or automatically at time of installation,
or later via automated monitoring of power parameters or manually via the user display and
input.

[Para 210] One example of an embodiment of the invention described above which will
find particular usefulness in modern homes and businesses is the incorporation of the load
control 25b and various communications links within, or combined with, a more extensive
home control system in order to provide flexible backup power in the event of a power grid
failure and to manage the cost of power consumed by the loads. It is preferred that the a

home control system (or part of the system) will automatically manage the operation of the
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home as is well known in the home control industry, e.g. to set temperatures, provide home
operating modes such as away and occupied, operate lighting and entertainment
appliances, operate door locks and control access to the home, monitor the home for
failures and intrusions, all of which may be performed automatically or as commanded or
programmed directly or remotely by the home owner. U.S. Patent 7,379,778 describes one
such home control system. Of particular advantage in such a combination is the relative
ease of adjusting load priorities. For example if the home control is programmed for
unoccupied operation various loads such as hot water heaters, air conditioners, ovens and
other devices which are primarily used for comfort of the occupants can be assigned low
priorities.
[Para 211] Additionally the present invention is desired to be incorporated in or otherwise
combined with the home (or business) control system to include not only control of power
consumption during times of limited available power or failure, such as when the grid power
goes into brownout or fails, but also to facilitate reduced waste and lowered cost.
Additionally the incorporation in a home control system allows the invention to respond
directly or remotely via telephone, internet or other communications link(s) as described
herein to provide the home (or business ) owner with information about the home, including
grid, generator and load operations and to additionally respond to desired priorities for
powering devices and otherwise operating the home (or business). In particular as explained
above several types of power sources generate excess heat in their operation, which excess
heat may be utilized under control of load control 25b to provide heating, e.g. water
heating or radiant heating as requested by the automation system.

[Para 212] Exemplary Small Backup Power System Embodiment
[Para 213] An embodiment of the invention as used with small backup power systems,
which is believed to achieve a commercially desirable tradeoff of performance and cost is

given by way of example. This embodiment is described with respect to Figure 8 as used in
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a home and is explained in more detail below and may operate to prevent overloading of
one or more of the power sources 12, 13 and 50 and in particular may be utilized to allow
the use of distribution panels having amperage ratings higher than the service or backup
power source rating. The explanations below may depart from the more general
explanations given above under the description of the preferred embodiment in specific
areas.

[Para 214] This small backup power systems utilizes a backup generator which is only
capable of providing power for part of the maximum possible load which can be connected
when the power grid fails and the total load must be controlled to prevent an overload. With
some prior art systems such as that of Figure 2 this limit is hard wired, that is, only certain
higher priority loads are connected to the backup generator and those lower priority loads
which are not connected simply go without power. In other prior art systems such as that of
Figure 3 certain lower priority loads are connected but are all immediately disconnected if
the frequency of the AC power from the generator drops as a result of an overload. Those
disconnected loads are then reconnected after a time delay without regard to whether the
generator will be able to power it and thus a high probability that another overload may be
created.

[Para 215] Neither of these systems is capable of a high degree of utilization of the power
available from the generator with high overload immunity, in the first low priority loads are
never powered and the generator may run well below its load capability and in the second a
low priority load may be powered part of the time but when it is disconnected after an
overload it will not be reconnected until after a time delay which is unrelated to the
generator’s ability to power that load at that later time, i.e. it is blindly reconnected which
may result in an instant overload and possible damage or circuit breaker tripping. In

addition when utilizing prior art gensets (i.e. those which do not have an active control of
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frequency in response to loading) and relying on power frequency as a measure of overload
the detection of overloads has less that desired reliability in many cases.

[Para 216] Recognizing the above faults, this embodiment of Figure 8 controls the total
load presented to the generator 13 to connect some or all loads 16-19 & 48 according to a
priority, which priority may be changed manually or automatically. In particular the load
control 25b is programmed with parameters pertaining to the power sources and loads,
which parameters are necessary to achieve the desired mode(s) of operation of the system.
For example 25b is preferred to be programmed with the maximum current output of the
solar panel 50 (if utilized), the maximum current output of the generator 13, the current
output for optimum efficiency of the generator 13 and the current drawn (e.g. load) by each
load which 25b is capable of controlling (e.g. connecting). A group of high priority loads 19
such as selected lights, home controls, alarms, food storage appliances and the like which
are desired to be powered whether the home is occupied or not are always connected and
receive power from the transfer switch 47 upon loss of grid power, it being preferred that
these high priority loads are selected to ensure that they are not capable of overloading the
generator at their maximum current demand.

[Para 217] When operating with the solar panel 50 (if provided) and/or generator 13 it is
preferred that load control 25b operate a) to prevent overloading the generator 13 or solar
panel 50 by preventing or limiting the connection of loads which would cause an overload,
b) to immediately cure an overload by promptly disconnecting or limiting one or more
connected load, ¢) to maximize efficiency of solar panel 50 and/or generator 13 by allowing
operation of loads which the generator and/or solar panel are capable of powering when
they are operating below their optimum capability, d) to alert the home owner that power is
not available to power one or more particular device(s) which the home owner may wish to
operate and e) allow the home owner to decide what to turn off (or limit or leave off) in

order to prevent having a device (and possibly several others) turned off shortly after the
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desired device turned on due to an overload. Selected loads that may but do not need to be
connected are preferred to be connected when the generator and/or solar panel is
operating below its optimum capacity or efficiency in order to provide operation closer to
that optimum. These operations are performed by the load control 25b in response to the
loads currently connected to the solar panel 50 and generator 13 as measured via current
sense devices 23a and 23c and the herein described stored parameters for the generator
and solar panel, as well as stored parameters for loads which can be connected or otherwise
controlled by 25b.

[Para 218] When the generator is operating well below optimum, either during exercising
or during outages, an increase in the efficiency of the operation is achieved by connecting
lower priority loads such as battery chargers, water heaters, heat and air conditioning units.
Accordingly, different modes of operation may be assigned to the backup system by the
user via 21 or otherwise, with the user selecting priority of connection of the loads and the
system automatically connecting and disconnecting loads to best achieve the priority based
modes of operation under control of load control 25b operating in conjunction with the
other elements of the load control system shown in Fig. 8.

[Para 219] Importantly, the priority of one or more load(s) is preferred to be changed
automatically, or by the user if needed with the changed priority being permanently stored,
at least until it is updated, for an amount of time selected by the user, or for other
conditions selected by the user. For example to cook a meal which has already been started
when the grid power goes off. The load priority for the oven may be changed automatically
by 25b recognizing that the oven was in use when power failure occurred, with the priority
of the oven being returned to its previous value when the cooking ends as sensed by the
current being drawn by the oven or otherwise. Alternatively, if the priority is not
automatically changed by 25b the user may assign a higher priority to the oven for a time

period such as an hour to allow completion of the cooking, or in response to the condition
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of the oven no longer utilizing a large current for 15 minutes indicating the cooking is
completed. Thermal sensors may also be utilized to provide oven temperature to 25b as
part of the miscellaneous devices 21, which temperature may be utilized to set priority.
[Para 220] Priorities may be automatically changed, temporarily, permanently or repeatedly
in response to environmental or other conditions via 21 or otherwise. For example some
lights are more important at night than in the daytime and heating is more important when
it is cold outside than when it is hot, but this importance is tempered by whether or not
anybody is home and thus priorities for such items are preferred to be set at a first value
when the home is not occupied and/or during daylight hours and a second value when the
home is occupied and/or during night hours. As another example a temperature sensor may
be provided for a food storage appliance such as a freezer, refrigerator or wine cooler as
part of 21 and if the temperature should approach a dangerous level (high or low) that food
storage appliance can be made a high priority until a safer temperature is reached. If the
problem of the food appliance approaching a dangerous temperature occurs often during
power loss events its priority may be automatically changed to a higher priority by 25b
whereas the priority may be automatically lowered if the problem infrequently or never
occurs. Such automatic changes will serve to adjust operation to a more optimum
condition.

[Para 221] Decisions can also be aimed at efficiency. One substantial consideration which
can be utilized is the cost of providing power from the grid vs. cost from the generator, for
example for a homeowner having one or more electric vehicle. If power can be obtained
from the electric utility or elsewhere at lower cost during certain times, for example during
the night, the load control can be utilized to control loads in a manner to best take
advantage of the lower cost power. Load control 25b may receive the cost of grid power at
various times and the cost of generator fuel (e.g. natural gas) automatically via the internet

or otherwise and calculate the best time to charge the vehicle’s batteries from the grid or
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alternatively from the generator even though grid power is available, depending on the cost.
The load control 25b may also take into account the need to exercise the generator and
delay battery charging until an upcoming scheduled exercise, advance the exercise time
once to charge the battery or change the exercise time schedule to accommodate the home
owner’s changing vehicle usage.

[Para 222] The load control is preferred to utilize intelligent timing for connecting and
disconnecting loads to one or more power sources in order that the total load on any one
power source is kept at or below the maximum output capability of that source, or
alternatively at or near an optimum efficiency level, which may be at or below the maximum
output capability. It is preferred that at all times the home owner has the opportunity to
interact with the load control processor in order to facilitate any out of the ordinary power
needs the home owner may desire or require and which are not automatically provided for
by the load control. For example the home owner may choose to turn off an air conditioner
or vehicle charger for 30 minutes in order to allow normally low priority clothes dryer to be
used. As another example the home owner may want to limit the current supplied to an
oven (causing the heating element to be on for longer periods of time) to allow an air
conditioner to be used.

[Para 223] More generally, the present invention described herein may also be utilized to
communicate with a power utility to allow that utility to manage power consumption, for
example to cause partial or total removal of loads from the power grid as the utility deems
desirable or necessary during times of high power consumption, lack of grid capacity or
grid failure. The power company may notify the load control of possible or scheduled events
pertaining to the supply of power from the grid, e.g. poor power quality (i.e. power not
meeting specifications set by for example the utility, the home owner or a regulatory
agency) or rolling blackouts. The load control will then cooperate with the utility to

accomplish the desired degree of power consumed from the grid.
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[Para 224] It may be desired that the utility company may interact with the load control to
hegotiate sending power to the grid from one or more power sources or loads e.g. during
times of peak load. For example the power company could request that the load manager
send power from the power sources 13, or 50 or from the battery 68 via inverter 67 (Figure
11) or the like into the grid. The load manager may be configured to negotiate pricing with
the electric utility for the power which it wishes to be delivered. In such negotiations the
load manager is preferred to take into account the cost of power available from various
sources which are available to it to transfer power back to the grid.

[Para 225] The several simplifications and operational related examples and exemplary
descriptions used herein in conjunction with the descriptions of the prior art and the
teachings of the preferred embodiment of the invention are not to be considered limiting of
the inventive concepts which are herein disclosed. Although this invention has been
described in its preferred embodiment with a certain degree of particularity, it is understood
that the invention is not so limited and the present disclosure of the preferred embodiment
with its various benefits, features and capabilities has been made by way of example and
numerous changes in the details of construction and the combination and arrangement of
parts may be resorted to in order to meet a particular level of performance, reliability and

cost without departing from the spirit and the scope of the invention as hereinafter claimed.
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Claims

Claim 1. An electric power source with load related output power frequency control, the power

source comprising;

a) apower source which provides output A.C. power having a known frequency which is
controlled in response to a frequency control signal, the power source comprising one or
both of an alternator or inverter circuit and at least one maximum output power

parameter;

b) a power sensing circuit which provides an output power signal which representative of

the timely amount of A.C. power being output from the power source;

€) aprocessor circuit comprising an input responsive to the output power signal, a timebase
circuit and operating to provide the frequency control signal, the processor thereby
operating to control the frequency of the output A.C. power to be a known standard first
frequency when the output A.C. power is less than the maximum output power parameter

and a known second frequency when the power source is overloaded.

Claim 2. The power source as claimed in claim 1 wherein the processor circuit operates to
control the frequency of the output A.C. power to be a known frequency different than the
known standard frequency corresponding to a first known remaining amount of power which can

be taken from the power source to power a load without causing an overload.

Claim 3. The power source as claimed in claim 1 wherein the processor circuit operates to
control the frequency of the output A.C. power to be a known third frequency corresponding to a
first known amount of power which is being taken from the power source and a different fourth
frequency corresponding to a second known amount of power which is being taken from the

power source.
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Claim 4. The power source as claimed in claim 1 wherein the processor circuit operates to
control the frequency of the output A.C. power to be a known third frequency corresponding to a
first known remaining amount of power which can be taken from the power source without
causing an overload and a different fourth frequency corresponding to a second known
remaining amount of power which can be taken from the power source without causing an

overload.

Claim 5. A load coupler device operating to control the connection of one or more loads to a

power source to relieve an overload of the power source, the load coupler device comprising:

a) an enclosure within which a load switch and a load control circuit are physically located,;

b) the load switch comprising at least one control connection for electrically opening and
closing the load switch, at least one A.C. power line connection, and at least one A.C.
power load connection via which line connected A.C. power may be supplied to a

corresponding load when the load switch is closed;

¢) the load control circuit additionally comprising a power supply responsive to the A.C.

power to provide power to a processor circuit;

d) the load control circuit further comprising a user input configured to provide information
from a user to the processor circuit and a user output configured to provide information to

a user from the processor circuit;

e) the processor circuit operating to timely sense one or more parameter, including the
frequency, of the A.C. power and executing a program whereby in response to the
frequency of the A.C. power, the processor performs a load shed by causing the load

switch to open, thereby relieving an overload of the power source.
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Claim 6. The load coupler device of claim 5 wherein the processor circuit is responsive to the
amount of overload as represented by the frequency of the A.C. power, as well as the time that

amount of overload has existed, to open the load switch.

Claim 7. The load coupler device of claim 5 wherein the processor circuit determines when to
cause a load shed in response to the amount of an overload as represented by the frequency of the
A.C. power and the time duration of the overload with the load shed occurring faster for

relatively large overloads as compared to other, relatively small overloads.

Claim 8. The load coupler device of claim 5 wherein the load coupler determines beforehand in
response to the frequency of the A.C. power, if the corresponding load can be connected to the

power source without an overload.

Claim 9. The load coupler device of claim 5 wherein the processor circuit is programmed to
operate in response to the frequency of the A.C. electric power being output from the power
source, which frequency represents the remaining amount of power which can be output from the
power source without creating an overload, to determine if the load can be connected without

creating an overload.

Claim 10. The load coupler device of claim 5 wherein the priority of the first load can be

assigned to the load coupler via the user input circuit.

Claim 11. A load control device operating to control the connection of one or more loads to a
power source to prevent or relieve an overload of the power source, the load control device

comprising:
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a) a contactor comprising one or more each of; a control connection via which the contactor
can be opened and closed, a line connection rated to connect A.C. Power from a power
source, and a load connection rated to connect a corresponding load and thereby supply

the load with A.C. power when the contactor is closed;

b) aload control circuit comprising a power supply having an input connected to the line
connection of the contactor to thereby receive the A.C. electric power, the power supply

providing power to power a processor circuit;

¢) the load control circuit additionally comprising a user input and a user output, both

communicating with the processor circuit;

d) the processor circuit comprising a timebase circuit and executing a program to timely
sense the A.C. electric power at the contractor line connection and in response to the
timebase circuit monitor the frequency of the sensed A.C. electric power, the processor
further operating in response to a frequency drop of a known amount for a known amount
of time to cause a load shed by opening the contactor to relieve an overload or causing
the contactor to remain open to prevent a possible overload or additional overload of the

power source,

e) the processor, following the load shed by a known time period, closes the contactor to
resupply power to the load, the known time period being responsive to the configuration

of the load coupler.

Claim 12. The load control device of claim 11 wherein the load control circuit and the contactor
are physically adjacent to one another, both of which are contained in a U.L. approved plastic

electronic enclosure.

Claim 13. The load control device of claim 11 wherein when the frequency of the A.C. electric

power received at the contactor line connection is controlled to drop by at least one known
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amount, the processor control operates in response to the frequency drop to determine the

presence of an overload.

Claim 14. The load control device of claim 11 wherein the priority of the load can be assigned to
the load coupler via the user input circuit by the installer at the time of installation of the load

control device.

Claim 15. The load control device of claim 11 wherein the priority of the first load and the
amount of power the first load draws, can be stored in the load control via the user input circuit

by the installer at the time of installation of the load control device.

Claim 16. The load control device of claim 14 wherein when the power received at the contactor
line connection is controlled by a power source to have a frequency corresponding to an amount
of remaining available output A.C. electric power, the processor operates to prevent closing the
contactor when the load would draw more power from the power source than the power source

has available.

Claim 17. The load control device of claim 11 wherein the processor circuit determines when to
cause a load shed in response to the amount of an overload and the time duration of the overload

with the load shed occurring faster for large overloads as compared to small overloads.

Claim 18. A load module device operating to control the coupling of a load to an electric power

source to relieve an overload of the power source, the load module comprising:

a) aload switch and/or load limit having a control connection via which the power supplied
to a load is controlled, a plurality of power connections for A.C. power including one
connection suitable for connecting to A.C. power received from a power source, and
another connection suitable for supplying the A.C. power to a load when controlled via

the control connection;
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b) aload control circuit comprising a power supply, the input connected to the A.C. power

and the output to provide operating power to a processor circuit;

¢) the processor circuit executing a program and operating in response to a timebase circuit
to timely monitor the A.C. power frequency, the processor further operating to cause full
power to be provided to the load when the A.C. power frequency is substantially a
standard frequency, and to remove or reduce power provided to the load when: the A.C.
power frequency deviates from the standard frequency to a known first frequency,
corresponding to a first amount of overload, for a first time period; or when the frequency
deviates from the standard frequency by a larger amount to a different known second

frequency, corresponding to a second amount of overload, for a second time period.

Claim 19. The load module of claim 18 wherein the load control circuit additionally comprises
user input and user output circuits which are coupled to the processor circuit, with a load priority
being established via the user input, and after removing all power from the load in response to an
overload, the processor circuit operates a known amount of time later to restore power to the

load, the known amount of time being set by the priority of the load.

Claim 20. The load module of claim 18 wherein the load control circuit additionally comprises

user input and user output circuits which are coupled to the processor circuit, with a load priority
being established via the user input, and after removing all power from the load in response to an
overload, the processor circuit operates a known amount of time later to restore power to the load

if the A.C. power is the standard frequency.

Claim 21. The load module of claim 18 wherein the load control circuit additionally comprises
user input and user output circuits which are coupled to the processor circuit, with a load priority
being established via the user input, and after removing all power from the load in response to an

overload, the processor circuit operates a known amount of time later to determine if the A.C.
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power frequency indicates that there is sufficient remaining available power from the power
source to power the load without creating an overload, and if so then providing full power to the
load.

Claim 22. The load module of claim 18 wherein the load control circuit and load switch and/or
load limit are mechanically configured to be physically located next to each other, and are

contained in a U.L. approved plastic electronic enclosure.
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