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(57) Abstract: A vehicle electrical system comprises two generators coupled with one or more electrical subsystem, each of which
includes at least one of a stored energy source and electrical load. Each generator isregulated via its associated voltage regulator
a a common regulation voltage. Sequential electrical power delivery from the generators is achieved via a sequencing means.

O Where two or more electrical subsystems are present, electrical isolation isachieved via an isolating means. Overcharge protection

W

isachieved by sensing and responding to the highest voltage of the two or more electrical subsystems.



WO 2011/011088 A1 IO 00T A O

Published:
—  with international search report (Art. 21(3))



WO 2011/011088 PCT/US2010/002090

SEQUENTIONAL ELECTRICAL POWER DELIVERY FROM TWO
GENERATORS

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] The present patent application is a formalization of apreviously filed,
co-pending provisional and non-provisional patent applications filed July 24,
2009, and February 16, 2010 as U.S. patent application Ser. No. 61/271,773 and
U.S. patent application Ser. No. 12/658,942, respectively, by the inventor(s)
named in this application both entitled "System and Method for Sequential
Electrical Power Delivery From Two Generators in a Vehicle Electrical System
With Optional Electrical Subsystem Isolation and Overcharge Protection.” This
patent application claims the benefit of the filing dates of the cited provisional and
non-provisional patent applications. The specification and drawings of the cited
patent applications are specifically incorporated herein by reference.

COPYRIGHT

[0002] A portion of the disclosure of this patent document contains material
which is subject to copyright protection. The owner has no objection to the
facsimile reproduction by anyone of the patent disclosure, as it appears in the
Patent and Trademark Office files or records, but otherwise reserves all copyright

rights whatsoever.

FIELD OF INVENTION

[0003] This invention is related to a system and method for providing electrical
power sequentially from two generators to an electrical subsystem in an electrical
system such as a vehicle electrical system. The system further may be configured

to accommodate two or more electrical subsystems whereby such subsystems may
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be electrically isolated. Where two or more electrical subsystems are present in the
electrical system, the system further maybe configured to protect against

overcharging said subsystems.
BACKGROUND

[0004] The present invention relates to an electrical system, such asa vehicle
electrical system, whereby two generators, whose output voltages are regulated via
two corresponding voltage regulators, may sequentially deliver electrical power to
one or more electrical subsystems. Each of the electrical subsystem may comprise
at least one of an electrical load and a stored energy source such as a battery. In an
electrical system where two or more electrical subsystems are present, the system
further operates to isolate the two or more electrical subsystems while sequentially
delivering electrical power to the electrical subsystems. In the latter configuration,
the system may be further configured to protect against overcharging the two or
more electrical /subsystems. The following description in this section will focus on
the third system configuration utilizing two electrical subsystems for describing
the invention as it may readily be applied to the other two system configurations.
[0005] The vehicle electrical system comprises two electrical subsystems, each
of which includes electrical loads and a battery. The system further comprises two
generators and two associated voltage regulators which operate to provide
electrical power to the two electrical subsystems sequentialy at a first or common
regulation voltage. A first generator is coupled with the two electrical subsystems
via an isolating means whereby electrical power may flow from the generator to
the two electrical subsystems but the electrical power may not flow from
individual electrical subsystems to one another or the generator. This
configuration is ordinarily utilized in vehicle electrical systems where one
electrical subsystem comprises a starter and afirst battery, dedicated for the
vehicle startup, and the other electrical subsystem comprises the remaining
electrical loads in the vehicle and a second battery. In applications where the two
electrical subsystems require more electrical power than the first generator is
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capable of producing, a second generator provides electrical power, viaa
seguencing means, to meet the deficiency.

[0006] Isolation between the two electrical subsystems is desirable and/or
required in order to insure that the vehicle's engine can be started even after one
set of batteries is discharged or if there are other problems with one of the
electrical subsystems. Other sophisticated electrical systems have been employed
to insure that the electrical power delivery is managed as a function of the vehicle
operating conditions. For instance, in acommonly assigned U.S. Pat. No.
7,202,574 entitled "System and Method for Electric Energy Switching and Control
inaVehicle," and its progenies, hereby incorporated by reference in their
entireties, a control device determines the vehicle's operating conditions and
facilitates the transfer of electrical energy between systems of electrical energy
sources and their associated electrical |oads based on the vehicle operating
conditions. The device further determines the operating conditions of the systems
of electrical energy sources and their associated electrical loads and facilitates the
transfer of electrical energy between them in accordance with said operating
conditions.

[0007] In addition to having isolated electrical subsystem in the vehicle
electrical system, sequential electrical power delivery in the system is also
advantageous for the following reasons. Electrical systems, such as those
implemented in modern vehicles, include complex electronics and electrica
equipment. Such electrical systems are normally comprised of an internal
combustion engine and a generator. The engine supplies the generator with
mechanical power and the generator converts it into electrical power for the
electrical system consumption.

[0008] Asthe number of electrical components increase, the generator's
electrical output power must also increase. This is accomplished by either
increasing the size of the generator or employing multiple generators in the vehicle
electrical system. In avehicle electrical system where two generators are utilized
to meet the electrical power demand, sequential power delivery is desirable

because concurrent power delivery can lead to oscillation between the two
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generators. In avehicle electrical system where two generators are coupled with
two electrical subsystems in parallel, electrical power demand causes the two
generators to compete for electrical power delivery and, hence, electrical power
generation oscillates between the two generators.

[0009]  The two generators are, in turn, coupled with one or more prime
movers, such asan internal combustion engine or a hydraulic engine. In avehicle
electrical system where the first generator is coupled with an internal combustion
engine and the second with a hydraulic engine, it is desirable to provide electrical
power to the electrical subsystems sequentially, first from the first generator and
then from the second generator. It is well known that internal combustion engines
are more efficient in power conversion than hydraulic engines and as such it
would be more efficient to draw electrical power from the first generator first and
engage the second generator only when the first generator is overloaded.

[0010] Aside from efficiency considerations, it may be further desirable to
utilize the first generator more often than the second. This is because the coupling
mechanism, typically abelt drive mechanism, between the first generator and
internal combustion engine, is easier to assemble and less expensive to replace,
than the components utilized in a coupling mechanism between the second
generator and hydraulic engine. As such, it is desirable to configure the vehicle
electrical system where electrical power delivery is sequential, i.e., first from the
first generator and second from the second generator, hence most of the operating
hours are accumulated by the first generator. Additionally, in applications where
acoustic noise minimization is asignificant part of the vehicle electrical system, it
is desirable to sequentialy use the generator that is coupled with the prime mover
which produces the least audible noise before engaging the other generator.

[0011] Conventional voltage regulators operate to maintain the output voltage
of the generator at a constant voltage. As the number and operational complexities
of electronic components in the vehicle electrical system increase, the voltage
regulator must accordingly provide system monitoring and protection in addition
to voltage regulation. As such, control devices are utilized that couple with

generators to monitor and manage electrical power distribution throughout the

4



WO 2011/011088 PCT/US2010/002090

electrical system in addition to maintaining the output voltage of the generator at a
regulation/common/system voltage.

[0012] For instance, the commonly assigned U.S. Pat. No. 7,276,804, entitled
"Voltage Regulator With Improved Protection and Warning System," and its
progenies, hereby incorporated by reference in their entireties, discloses avehicle
electrical system voltage regulator with improved electrical protection and
warning means that discerns and responds to regulator, generator, or vehicle
electrical system operation and malfunctions. The regulator includes monitoring,
control, and protection circuits with a phase signal monitor, a field switching
circuit that operates the field coil in response to electrical power demands, and a
field enable switch in series with the field regulating switch. The phase monitor
and protection circuit ascertains and transmits generator rotational motion for use
by the monitoring and control circuit in discerning the various operating
conditions. The monitoring and control circuit operates on the field switching
circuit to meet the electrical power demands and provide multi level fault
protection to include field switching circuit reconfiguration to continue operating
under various fault conditions. A warning and diagnostic system incorporating
visual indicators and communication lines provide descriptive system information
for use by the vehicle's operator and computer network, respectively.

[0013] In the commonly assigned U.S. Pat. No. 7,466,107, entitled "System
and Method for Electric Current and Power Monitoring and Control of a
Generator," its progenies, hereby incorporated by reference in their entireties, the
control device measures a voltage drop across a conductor in agenerator to
determine and control the total generator output current. A temperature of the
conductor is also measured to improve the accuracy. The control device may
further improve on the accuracy by compensating for the electrical current through
afield coil that may power the generator. The control device may be used in
combination with a generator in avehicle electrical system. Other system
parameters may be monitored to improve on the system monitoring, diagnostics,

and control.
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[0014]  The present electrical system further provides for monitoring and
control of the electrical system. Specifically, the voltage regulators operate to
measure battery type and temperature and adjust the regulation voltage
accordingly. The electrical system also may be configured so that the voltage
regulators can communicate system information with one another or the vehicle
computer system. Furthermore, the voltage regulators are configured to sense
system voltage at various points so as to insure safe and proper operation of the
vehicle electrical system and the electronic components within the electrical
system. In addition to monitoring multiple system voltage sense signals, the
regulators may be configured to monitor their corresponding generator's output
power controller, such as monitoring the duty cycle of the generator's field coail, in
order to improve the diagnostic process.
[0015]  Although various systems have been proposed which touch upon some
aspects of the above problems, they do not provide solutions to the existing
limitations in providing electrical power sequentially from two generators, while
isolating two or more associated electrical subsystems and protecting against
overcharging said electrical subsystems. For example, the Wolf patent, U.S. Pat.
No. 7,335,998 entitled "Device for Supplying Voltage to the Loads of an Onboard
Electrical System of aMotor Vehicle, Using a Plurality of Generators' discloses a
device for supplying voltage to the loads of an onboard electrical system of a
motor vehicle which includes a first generator, aregulator allocated to the first
generator, a second generator, aregulator allocated to the second generator, and a
control apparatus. The control apparatus is connected to at least one, and possibly
to both, of the regulators, and the control apparatus supplies these regulators with
control signals on the basis of which the loading of the generators is compensated.
However, the generators in the Wolf electrical system provide electrical power
concurrently and suffer from the same shortcomings of undesirable electrical
power oscillation and lower efficiency that are eliminated using sequential
electrical power delivery.
[0016] In Farber et al., U.S. Pat. No. 4,757,249 entitled "Vehicle Dual
Electrical System" avehicle electrical system includes dual alternator/battery sets
6
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separately connected to separate non-critical electrical loads, and both connected
through adiode circuit to acritical electrical load. A starter switch connects both
batteries to the engine starter motor. Although the disclosure discusses two
generators supplying electrical power to acritical load via a diode, the electrica
system is not configured for sequential electrical power delivery, or more
specifically, the two generators do not operate sequentially.

[0017] The Stroud patent, U.S. Pat. No. 4,347,473 entitled "Dual alternator
power system for motor vehicle" discloses an emergency vehicle having dual
batteries, one of which is employed for supplying power to the electrical system of
the vehicle chassis and the other of which is employed for supplying power to the
emergency equipment, dual alternators driven by the engine are provided for
charging the batteries. The output of each alternator is connected to the input of its
regulator and to both batteries whereby both alternators will be on at al times
when the engine is running and will share the load on either or both batteries.
However, the Stroud system provides no sequencing control over the two
generators and as such it suffers from the same limitations as discussed above.
[0018] In an electrical system, such as the one disclosed here, where two or
more generators are used to provide electrical power to the electrical system, it is
desirable to draw electrical power from the generators sequentially. Where two or
more electrical subsystems are present, it is further desirable to isolate the
electrical subsystems so that one or more of the electrical subsystems may be
dedicated to serve the operational conditions of the vehicle. Where sequential
electrical power delivery and isolation are required in an electrical system,
protection against overcharging the electrical subsystems becomes an essential
aspect of the electrical system.

[0019] The present electrical system is configured to address all of the
limitations of conventional electrical systems as discussed above. In addition to
sequential power delivery, the electrical system may be configured to
accommodate two or more electrical subsystems and provide electrical isolation
between the two electrical subsystems. Where two or more electrical subsystems
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are present, the present electrical system may be configured to prevent
overcharging the electrical subsystems by monitoring their corresponding charging
voltages. Although not a limitation, it is desirable, and the present system may be
configured, to utilize two identical voltage regulators so asto reduce the costs of
parts, service, and maintenance of the electrical system. Monitoring of various
voltages at various sense points is made in order to insure proper voltage
regulation of the electrical system. The present system may be further configured
to monitor the generators output power controllers to improve the diagnostic

process.

SUMMARY

[0020] In one aspect, avehicle electrical system is disclosed which operates to
electrically isolate two or more electrical subsystems, to protect against
overcharging the two or more electrical subsystems, and to provide electrical
power to the two or more electrical subsystems sequentially from afirst and
second generators. The vehicle electrical system comprises the first and second
generators and first and second voltage regulators. The first generator is coupled
with the two or more electrical subsystems, each of which includes at least one of
a stored energy source and electrical load, via a means for isolating. The second
generator is coupled with one of the two or more electrical subsystems, viaa
means for sequencing, operative to introduce achange in voltage between the
second generator and the one of the two or more electrical subsystems. The first
voltage regulator is coupled with the first generator and operative to sense two or
more first-regulator-electrical-subsystems-sense voltages of the two or more
electrical subsystems and regulate an output voltage of the first generator at afirst
regulation voltage in response to the highest voltage of the two or more first-
regul ator-el ectrical-subsystems-sense voltages. The second voltage regulator is
coupled with the second generator and operative to sense a second-regulator-

generator-output-sense voltage of an output terminal of the second generator and
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regulate an output voltage of the second generator at the first regulation voltage in
response to the second-regulator-generator-output-sense voltage.

[0021] According to one preferred embodiment the means for isolating
comprises two or more diodes.

[0022] According to one preferred embodiment the means for sequencing
comprises one of adiode, an integrated circuit, an electrical cable.

[0023] According to one preferred embodiment the two or more electrical
subsystems comprise at least one stored energy source and the system further
comprises means to generate afirst signal indicative of atemperature of the stored
energy source and wherein at least one of the first and second voltage regulators
further operates to sense the first signal and modify the first regulation voltage
according to the first signal. Preferably at least one of the first and second voltage
regulators further operates to generate an error signal indicative of a fault
condition, viaameans for communicating, when the first signal is outside of a
predetermined range. Preferably, the means for communicating is one of alight
emitting diode and vehicle computer system 1/O port. Preferably, the first voltage
regulator further operates to sense afirst-regulator-energize-sense voltage of an
energize terminal and regulate the output voltage of the first generator at the first
regulation voltage in response to the first-regul ator-energize-sense voltage, when
the first signal is outside of a predetermined range. Preferably, the means to
generate the first signal is one of athermistor disposed in proximity of the stored
energy source, an internal voltage regulator temperature sensor, and vehicle
computer system 1/O port. Preferably, the modification of the first regulation
voltage is achieved via a lookup table. Preferably, the first regulation voltage is
modified according to a default temperature when the first signal is outside of a
predetermined range. Preferably, the system further comprises means to generate a
second signal indicative of atype of the stored energy source and wherein at least
one of the first and second voltage regulators further operates to sense the second
signal and further modify the first regulation voltage according to the second
signal. Preferably, the means to generate the second signal is one of a switch and
vehicle computer system 1/0O port.
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[0024]  According to one preferred embodiment, at least one of the first and
second voltage regulators further operates to generate an error signa indicative of
afault condition, via a means for communicating, when the lowest voltage of the
two or more first-regul ator-el ectrical -subsystems-sense voltages is less than a
predetermined value.

[0025]  According to one preferred embodiment, the first voltage regulator
further operates to sense a first-regul ator-energize-sense voltage of an energize
terminal and regulate the output voltage of the first generator at the first regulation
voltage in response to the first-regulator-energize-sense voltage, when the lowest
voltage of the two or more first-regulator-electrical-subsystems-sense voltages is
less than a predetermined value.

[0026]  According to one preferred embodiment, the first voltage regulator
further operates to activate an over-voltage-cut-out circuit when the highest
voltage of the two or more first-regulator-electrical-subsystems-sense voltages is
greater than a predetermined value.

[0027]  According to one preferred embodiment, the first voltage regulator
further operates to sense a first-regul ator-isolator-input-sense voltage of an input
terminal of the means for isolating and activate an over-voltage-cut-out circuit
when the first regulator-isolator-input-sense voltage is greater than a first
predetermined value. Preferably, at least one of the first and second voltage
regulators further operates to generate an error signal indicative of a fault
condition, via a means for communicating, when the first-regul ator-isolator-input-
sense voltage is greater than the lowest voltage of the two or more first-regulator-
electrical-subsystems-sense voltages by a second predetermined value. Preferably,
the first voltage regulator further operates to sense a first-regul ator-energize-sense
voltage of an energize terminal and regulate the output voltage of the first
generator at the first regulation voltage in response to the first-regulator-energize-
sense voltage, when the first-regulator-isolator-input-sense voltage is greater than
the lowest voltage of the two or more first-regulator-el ectrical-subsystems-sense
voltages by a second predetermined value. Preferably, at least one of the first and

second voltage regulators further operates to generate an error signal indicative of
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afault condition, viaa means for communicating, when the first-regulator-
isolator-input-sense voltage is less than a second predetermined value and a duty
cycle of the first generator field current is greater than athird predetermined value.
Preferably, the first voltage regulator further operates to sense a first-regulator-
energize-sense voltage of an energize terminal and regulate the output voltage of
the first generator at the first regulation voltage in response to the first-regul ator-
energize-sense voltage, when the first-regulator-isolator-input-sense voltage is less
than a second predetermined value and a duty cycle of the first generator field
current is greater than a third predetermined value.

[0028]  According to one preferred embodiment, the first voltage regulator
further operates to sense afirst-regulator-energize-sense voltage of an energize
terminal and activate an over-voltage-cut-out circuit when the first-regulator-
energize-sense voltage is greater than a predetermined value.

[0029] In another aspect, a vehicle electrical system is disclosed which
operates to electrically isolate two or more electrical subsystems and to provide
electrical power to the two or more electrical subsystems sequentially from a first
and second generators. The vehicle electrical system comprises the first and
second generators and first and second voltage regulators. The first generator is
coupled with the two or more electrical subsystems, each of which includes at
least one of a stored energy source and electrical load, via a means for isolating.
The second generator is coupled with one of the two or more electrical

subsystems, via a means for sequencing, operative to introduce a change in voltage
between the second generator and the one of the two or more electrical

subsystems. The first voltage regulator is coupled with the first generator and
operative to sense a first-regulator-electrical subsystems-sense voltage of one of
the two or more electrical subsystems and regulate an output voltage of the first
generator at afirst regulation voltage in response to the first-regul ator-electrical
subsystems-sense voltage. The second voltage regulator is coupled with the
second generator and operative to sense a second-regul ator-generator-output-sense

voltage of an output terminal of the second generator and regulate an output
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voltage of the second generator at the first regulation voltage in response to the
second-regul ator-generator-output-sense voltage.

[0030] In another aspect, avehicle electrical system is disclosed which
operates to provide electrical power to an electrical subsystem sequentialy from a
first and second generators. The vehicle electrical system comprises the first and
second generators and first and second voltage regulators. The first generator is
coupled with the electrical subsystem comprising at least one of a stored energy
source and electrical load. The second generator is coupled with the electrica
subsystem, via a means for sequencing, operative to introduce a change in voltage
between the second generator and electrical subsystem. The first voltage regulator
is coupled with the first generator and operative to sense a first-regulator-
electrical-subsystem-sense voltage of the electrical subsystem and regulate an
output voltage of the first generator at afirst regulation voltage in response to the
first-regulator-electrical-subsystem-sense voltage. The second voltage regulator is
coupled with the second generator and operative to sense a second-regulator-
generator-output-sense voltage of an output terminal of the second generator and
regulate an output voltage of the second generator at the first regulation voltage in
response to the second-regulator-generator-output-sense voltage.

[0031] In another aspect, a method for electrically isolating, protecting against
overcharging, and providing electrical power, sequentialy from a first and second
generators, to two or more electrical subsystems in avehicle electrical system is
disclosed, wherein each of said electrical subsystems comprising at least one of a
stored energy source and electrical load, said first generator coupled with the two
or more electrical subsystems viaa means for isolating, said second generator
coupled with one of the two or more electrical subsystems, via a means for
seguencing operative to introduce a change in voltage between the second
generator and the one of the two or more electrical subsystems. The method
comprises (i) sensing two or more first-regulator-el ectrical-subsystems-sense
voltages of the two or more electrical subsystems, via afirst voltage regulator
coupled with the first generator, (ii) regulating an output voltage of the first
generator at afirst regulation voltage in response to the highest voltage of the two

12
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or more first-regulator-el ectrical-subsystems-sense voltages, viathe first voltage
regulator, (iii) sensing a second-regulator-generator-output-sense voltage of an
output terminal of the second generator, via a second voltage regulator coupled
with the second generator, and (iv) regulating an output voltage of the second
generator at the first regulation voltage in response to the second-regulator-
generator-output-sense voltage, viathe second voltage regulator.

[0032] According to one preferred embodiment, the two or more e ectrical
subsystems comprise at least one stored energy source and the system further
comprises means to generate afirst signal indicative of atemperature of the stored
energy source. The method further comprises (v) sensing the first signal, via at
least one of the first and second voltage regulators, and (vi) modifying the first
regulation voltage according to the first signal, via at least one of the first and
second voltage regulators.

[0033] According to one preferred embodiment, the method further comprises
(vii) generating an error signal indicative of afault condition, when the first signal
is outside of apredetermined range, viaameans for communicating.

[0034] According to one preferred embodiment, the method further comprises
(vii) sensing afirst-regulator-energize-sense voltage of an energize terminal, via
the first voltage regulator, and (viii) regulating the output voltage of the first
generator at the first regulation voltage in response to the first-regulator-energize-
sense voltage, when the first signal is outside of a predetermined range, viathe
first voltage regulator.

[0035] According to one preferred embodiment, the system further comprises
means to generate a second signal indicative of atype of the stored energy source
and the method further comprises (vii) sensing the second signal, via at least one
of the first and second voltage regulators, and (viii) modifying the first regulation
voltage according to the second signal, via at least one of the first and second
voltage regulators.

[0036] According to one preferred embodiment, the method further comprises

(v) generating an error signal indicative of a fault condition when the lowest
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voltage of the two or more first-regul ator-€l ectrical-subsystems-sense  voltages is
less than a predetermined value, via a means for communicating.

[0037] According to one preferred embodiment, the method further comprises
(v) sensing a first-regulator-energize-sense voltage of an energize terminal, viathe
first voltage regulator, and (vi) regulating the output voltage of the first generator
at the first regulation voltage in response to the first-regul ator-energize-sense
voltage, when the lowest voltage of the two or more first-regul ator-electrical -
subsystems-sense voltages is less than a predetermined value, viathe first voltage
regulator.

[0038] According to one preferred embodiment, the method further comprises
(v) activating an over-voltage-cut-out circuit when the highest voltage of the two
or more first-regulator-electrical-subsystems-sense voltages is greater than a
predetermined value, via the first voltage regulator.

[0039] According to one preferred embodiment, the method further comprises
(v) sensing a first-regul ator-isolator-input-sense voltage of an input terminal of the
means for isolating, via the first voltage regulator, and (vi) activating an over-
voltage-cut-out circuit when the first regul ator-isolator-input-sense voltage is
greater than afirst predetermined value, viathe first voltage regulator.

[0040] According to one preferred embodiment, the method further comprises
(vii) generating an error signal indicative of a fault condition when the first-

regul ator-isolator-input-sense voltage is greater than the lowest voltage of the two
or more first-regulator-electrical-subsystems-sense voltages by a second
predetermined value, via a means for communicating.

[0041] According to one preferred embodiment, the method further comprises
(vii) sensing afirst-regulator-energize-sense voltage of an energize terminal, via
the first voltage regulator, and (viii) regulating the output voltage of the first
generator at the first regulation voltage in response to the first-regul ator-energize-
sense voltage, when the first-regulator-isolator-input-sense voltage is greater than
the lowest voltage of the two or more first-regul ator-el ectrical -subsystems-sense
voltages by a second predetermined value, viathe first voltage regulator.
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[0042] According to one preferred embodiment, the method further comprises
(vii) generating an error signal indicative of a fault condition when the first-

regul ator-isolator-input-sense voltage is less than a second predetermined value
and a duty cycle of the first generator field current is greater than athird
predetermined value, via a means for communicating.

[0043] According to one preferred embodiment, the method further comprises
(vii) sensing a first-regulator-energize-sense voltage of an energize terminal, via
the first voltage regulator, and (viii) regulating the output voltage of the first
generator at the first regulation voltage in response to the first-regulator-energize-
sense voltage, when the first-regul ator-isolator-input-sense voltage is less than a
second predetermined value and a duty cycle of the first generator field current is
greater than athird predetermined value, viathe first voltage regulator.

[0044] According to one preferred embodiment, the method further comprises
(v) sensing afirst-regul ator-energize-sense voltage of an energize terminal, viathe
first voltage regulator, and (vi) activating an over-voltage-cut-out circuit when the
first-regulator-energize-sense voltage is greater than a predetermined value, viathe
first voltage regulator.

[0045] In another aspect, a method for electrically isolating and providing
electrical power, sequentially from afirst and second generators, to two or more
electrical subsystems in avehicle electrical system is disclosed, wherein each of
said electrical subsystems comprising at least one of a stored energy source and
electrical load, said first generator coupled with the two or more electrical
subsystems via a means for isolating, said second generator coupled with one of
the two or more electrical subsystems, viaameans for sequencing operative to
introduce a change in voltage between the second generator and the one of the two
or more electrical subsystems. The method comprises (i) sensing a first-regulator-
electrical subsystems-sense voltage of one of the two or more electrical
subsystems, viaa first voltage regulator coupled with the first generator, (ii)
regulating an output voltage of the first generator at afirst regulation voltage in
response to the first-regulator-electrical subsystems-sense voltage, viathe first
voltage regulator, (iii) sensing a second-regulator-generator-output-sense voltage
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of an output terminal of the second generator, via a second voltage regulator
coupled with the second generator, and (iv) regulating an output voltage of the
second generator at the first regulation voltage in response to the second-regulator-
generator-output-sense voltage, viathe second voltage regulator.

[0046] In another aspect, a method for providing electrical power, sequentially
from afirst and second generators, to an electrical subsystem wherein said
electrical subsystem comprising at least one of a stored energy source and
electrical load in avehicle electrical system is disclosed, said first generator
coupled with the electrical subsystem, said second generator coupled with the
electrical subsystem, via ameans for sequencing operative to introduce a change
in voltage between the second generator and the electrical subsystem. The method
comprises (i) sensing a first-regulator-electrical-subsystem-sense voltage of the
electrical subsystem, via afirst voltage regulator coupled with the first generator,
(i) regulating an output voltage of the first generator at afirst regulation voltage in
response to the first-regulator-electrical subsystem-sense voltage, viathe first
voltage regulator, (iii) sensing a second-regulator-generator-output-sense voltage
of an output terminal of the second generator, via a second voltage regulator
coupled with the second generator, and (iv) regulating an output voltage of the
second generator at the first regulation voltage in response to the second-regulator-

generator-output-sense voltage, viathe second voltage regulator.

BRIEF DESCRIPTION OF THE DRAWINGS

[0047] FIG. 1shows ablock diagram of a vehicle electrical system comprising
two generators, two voltage regulators, two electrical subsystems, an isolating
means coupled with one of the generators and electrical subsystems, and a
sequencing means coupled with the other generator and one of the two electrical
subsystems according to a preferred embodiment.

[0048] FIG. 2 shows a block diagram of avehicle electrical system comprising

two generators, two voltage regulators, an electrical subsystem coupled with one
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of the generators directly and the other generator via a sequencing means,
according to apreferred embodiment.

[0049] FIG. 3isaflow diagram of one preferred method of operating a vehicle
electrical system such asthe one depicted in FIG. 1, by providing electrical power
to the two or more electrical subsystems sequentially from the first and second
generators while electrically isolating the two electrical subsystems and protecting
against overcharging the two or more electrical subsystems.

[0050] FIG. 4 isaflow diagram of one preferred method of operating a vehicle
electrical system such asthe one depicted in FIG. 1, which issimilar to that of
FIG. 3, further modifying the regulation voltage as a function of the temperature
of a stored energy source included in one of the electrical subsystems.

[0051] FIG. 4A isaflow diagram of one preferred method of operating a
vehicle electrical system such as the one depicted in FIG. 1, which is similar to
that of FIG. 4, further modifying the regulation voltage as a function of the type of
the stored energy source.

[0052] FIG. 5isaflow diagram of one preferred method of operating a vehicle
electrical system such as the one depicted in FIG. 1, which issimilar to that of
FIG. 3, further monitoring the voltage at an input termina of the means for
isolating and activating an Over Voltage Cut Out (OVCO) circuit if the voltage is
above athreshold value.

[0053] . FIG. 5A isaflow diagram of one preferred method of operating a
vehicle electrical system such as the one depicted in FIG. 1, which is similar to
that of FIG. 5, further sensing the voltage at an energize terminal and regulating
the output voltage of the first generator according to said voltage if the voltage at
the input terminal of the means for isolating is less than a first threshold value and
the duty cycle of the first generator's field current is greater than a second
threshold.

[0054] FIG. 6 isaflow diagram of one preferred method of operating a vehicle
electrical system such asthe one depicted in FIG. 1, substantially similar to that of
methods depicted in FIGs. 4 and 4-A, further generating an error signal if the
lowest of the two voltages at the two electrical subsystems is below athreshold,
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which maybe implemented on processors, included in the first and second voltage
regulators.

[0055] FIG. 7isaflow diagram of one preferred method of operating a vehicle
electrical system such asthe one depicted in FIG. 1, substantially similar to that of
methods depicted in FIGs. 4 thru 5-A, which maybe implemented on processors,

included in the first and second voltage regulators.

DETAILED DESCRIPTION OF THE PRESENTLY PREFERRED
EMBODIMENTS

[0056] FIG. 1ldepicts a block diagram of a preferred embodiment of avehicle
electrical system 100, including afirst generator 120, a second generator 106, and
their associated voltage regulators 114 and 104, respectively. The first generator
120 is coupled with two electrical subsystems 132 and 136 via an isolating means
150. The second generator 106 is coupled with one of the two electrical
subsystems 136 via a means for sequencing 152. Both voltage regulators 104 and
114 comprise an I/O port, 112 and 102, which may be coupled with the vehicle
computer system (not shown) where the two regulators can communicate with one
another or the vehicle computer system. The first electrical subsystem 132
comprises afirst electrical load 134 and afirst battery 128. The second electrical
subsystem 136 comprises a second electrical load 142 and a second battery 144.
The first battery 128 further comprises a battery-type output terminal 129 where a
signal is generated that indicates the type of the first battery 128, and a battery-
temperature output terminal 131 where asignal is generated that indicates the
temperature of the first battery 128. The isolating means 150 comprises two diodes
138 and 140 and the sequencing means also comprises adiode 152. As known to
artisans of ordinary skill, other devices such as integrated circuits or electrical
cables, individualy or in combinations, could be utilized asthe means for isolating
and sequencing, 150 and 152, respectively. The first and second electrical loads
134 and 142 represent electrical loads by electrical components within the vehicle

electrical system which may comprise a starter motor, a heating element, an air
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conditioning unit, a compressor, a cooling fan, headlights, or a pump, to name a
few examples.

[0057] The first voltage regulator 114 is connected to and in communication
with the first generator 120 via lines 116 and 118. The line 116 is coupled with an
output power controller, such asafield coil (not shown but known to artisans of
ordinary skill) of the first generator 120 through which the first voltage regulator
114 maintains the output voltage of the first generator 120 at aregulation voltage
by varying a duty cycle of the generator's output power controller. The line 118 is
utilized to measure avoltage v at the generator's energize terminal which the
voltage regulator may use to regulate the output voltage of the first generator 120.
Asit will be explained in more detail below, the primary sources for voltage
regulation are the voltages at the first and second electrical subsystems 132 and
136 which are available to the first voltage regulator 114 through the lines 124 and
148. The energize voltage v on line 118 is used when an inconsistency or a fault
occurs.

[0058] The first voltage regulator 114 is coupled with the means for isolating
150 and the two electrical subsystems 132 and 136, via lines 113, 124 and|48.
Specifically, the first voltage regulator 114 utilizes the line 113 to sense the
voltage at the input of the means for isolating 150, and the lines 124 and 148 to
sense the voltages at the outputs of the means for isolating 150 which isthe same
asthe input to the first and second electrical subsystems 132 and 136, respectively.
The first voltage regulator 114 senses two voltages, V,, and v,,, at the input to the
two electrical subsystems 132 and 136 and varies the duty cycle of the field
current through the field coil of the first generator 120 to maintain the highest of
the two voltages v, and V,, at the regulation voltage v,. The first voltage regulator
114 activates an over voltage cut out circuit when said highest of the two voltages
V,and V,, isgreater than a predetermined value. Additionally, the first voltage
regulator 114 may sense the voltage v, at the input to the means for isolating 150, '
viathe line 113, and activate the over voltage cut out circuit when v gis above a
threshold value. In another instance, the first voltage regulator activates the over

voltage cut out circuit when the energize voltage v is above apreset value.
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[0059] The first voltage regulator 114 is further connected to the first battery
128, vialines 129 and 131, in order to detect the type and temperature of the first
battery 128, respectively. The regulation voltage v, may be modified as afunction
of the battery type and temperature. In one instance, the modification is achieved
by use of a look-up table. A thermistor disposed in proximity of the first battery
128 or the housing of the first voltage regulator 114 may be used to measure the
temperature.

[0060] The first voltage regulator 114 generates an error signal via its 1/0 port
112 when the measured temperature of the first battery 128 is outside of a
predetermined range. In such a case, the first voltage regulator may either use a
default temperature for the purpose of modifying the regulation voltage v,, or
sense and utilize a voltage at an energize terminal.

[0061] Battery type maybe determined via a switch or the vehicle computer
system. The first voltage regulator 114 detects the position of the switch to
ascertain the type of the first battery 128, or it may receive a signal from the
vehicle computer system, via its I/O port, to recognize the battery type so asto
modify the regulation voltage v, accordingly. The first voltage regulator 114
communicates system information, including voltages at various points, electrical
current, field current duty cycle, battery temperature and type, or other operational
parameters to the vehicle computer system or the second voltage regulator 104.
[0062] The first voltage regulator 114 uses the voltage at the energize terminal
to regulate the output voltage of the first generator 120 at the regulation voltage v,
when the lowest voltage of the two voltages v, and V,, is lessthan a
predetermined value. The first voltage regulator 114 also generates an error signal
indicative of such fault condition. In another instance, the first voltage regulator
114 utilizes the voltage at the energize terminal for voltage regulation when the
voltage v g at the input to the means for isolating 150 is greater than the lowest
voltage of the two voltages vi, and v,, by athreshold value. In yet another
instance, the first voltage regulator 114 utilizes the voltage at the energize terminal
for voltage regulation when the voltage v 4 is less than afirst threshold value and a

duty cycle of the field current of the first generator 120 is greater than a second
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threshold value. The first voltage regulator 114 monitors these voltages at various
locations and smartly uses the one that, in its best estimate, likely represents the
actual operating condition. Either or both the first voltage regulator 114 and the
second voltage regulator 104 generate an error signal when a fault or inconsistency
oCCurs.

[0063] The means for isolating 150 allows the first generator 120 to provide
electrical power to the first and second electrical subsystems 132 and 136 while
preventing the flow of electrical power from said electrical subsystems to one
another or to the first generator 120. As such the two electrical subsystems 132
and 136 are electrically isolated. Asknown to artisans of ordinary skill, the first
voltage regulator 114 varies the duty cycle of the generator's field current in
response to a sense voltage in an effort to maintain the sensed voltage at a
regulation voltage. Either of the two voltages v,, and v,, may be used as the
sensed voltage to achieve voltage regulation.

[0064] The first voltage regulator 114 operates to regulate the output voltage
of the fist generator 120. The first voltage regulator 114, however, uses the
maximum value of V,, and vi, so asto prevent overcharging the two electrical
subsystems 132 and 136. In many applications, it is essential not to overcharge the
batteries in the electrical system. The present electrical system utilizes two diodes,
138 and 140, to achieve electrical isolation between the electrical subsystems 132
and 136. When electrical current passes through the diodes 138 and 140, there are
associated voltage drops across said diodes. The higher the electrical current
through the diode, the higher the voltage drop. For instance, if the first electrical
subsystem 132 draws the maximum electrical current, then the associated voltage
drop across the diode 138 is higher than the one across the diode 140, hence, Vi, is
greater than Vn. The first voltage regulator 114 utilizes this voltage, i.e., vi, to
regulate the output voltage of the first generator 120. This scheme insures that the
electrical subsystem with the lowest electrical power requirement is not
overcharged. In this instance, the second electrical subsystem 136 draws the least
electrical current but by utilizing the maximum value of the two sensed voltages

V, and v,,, the voltage regulator 114 is prevented from increasing the duty cycle
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of the field current of the field coil of the first generator 120 to the point of
overcharging the second electrical subsystem 136.

[0065] The second voltage regulator 104 is connected to and in communication
with the second generator 106 viathe line 108. The line 108 is coupled with an
output power controller, such asafield coil (not shown but known to artisans of
ordinary skill) of the second generator 104 through which the second voltage
regulator 104 maintains the output voltage of the second generator 104 at the
regulation voltage v, by varying aduty cycle of the generator's output power
controller. Although, the second voltage regulator 104 may be configured to
regulate the output voltage of the second generator 106 at a different regulation
voltage, such system configuration would require two different voltage regulators.
[0066] The present electrical system is advantageously configured so asto
allow one to use two voltage regulators with the same voltage regulation value.
Specifically, the sense point, at which the second voltage regulator 104 measures
the voltage for purposes of voltage regulation, is chosen to be at the input to the
diode 152, v, which is the same point as the output terminal 154 of the second
generator 106. This is because the voltage at the output of the diode 152, i.e., v,
is the same as that of the voltage at the output of diode 140, i.e., V. Since v is
aways greater than V,, due to electrical current flow through the diode 152 and the
associated voltage drop, the second generator 106 does not produce electrical
power until the second electrical subsystem 136 is loaded beyond the capability of
the first generator 120. Such overload causes v to approach v, at which point, the
second generator 106 commences to produce electrical power to the second
electrical subsystem 136, hence effectuating a sequential power delivery. Artisans
of ordinary skill should know that selection of the second electrical subsystem 136
for sequential electrical power delivery is not alimitation of the present electrical
system and the first electrical subsystem could have been chosen for such purpose.
Furthermore, although only two electrical subsystems are used in this
embodiment, multiple electrical subsystems could be incorporated and sequential
power delivery could be accordingly achieved for designated electrical

subsystems.
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[0067] In the present embodiment, the second voltage regulator 104 is identical
to the first voltage regulator 114 and comprises identical input and output lines. As
such, the line 110, corresponding to that of line 124 for the first voltage regulator
114, is utilized to sense the voltage v at the input to the diode 152 and the other
sense lines (not shown for clarity) could be either kept disconnected, or
advantageously connected to other locations so asto provide for detection of
additional input values and control of the electrical system. For instance, the other
sense line (not shown) corresponding to that of line 148 could be either kept
disconnected or connected to the input to the diode 152. The 1/O port 102 of the
second voltage regulator 104 maybe connected to the 1/0 port of the first voltage
regulator 114 where the two voltage regulators share the system information, such
asV

11!

v, temperature and type of the first batter 128, so asto improve the
monitoring and control of the electrical system.

[0068] FIG. 2 depicts a block diagram of a preferred embodiment of a vehicle
electrical system 200, including afirst generator 220, a second generator 206, and
their associated voltage regulators 214 and 204, respectively. The first generator
220 is coupled with an electrical subsystem 232 directly. The second generator
206 is coupled with the electrical subsystem 232 via a means for sequencing 238.
Both voltage regulators 204 and 214 comprise an /O port, 212 and 202, which
may be coupled with the vehicle computer system (not shown) where the two
regulators can communicate with one another or the vehicle computer system. The
electrical subsystem 232 comprises an electrical load 234 and a battery 228. The
battery 228 further comprises a battery-type output terminal 227 where asigna is
generated that indicates the type of the battery 228, and a battery-temperature
output terminal 23 1where asignal is generated that indicates the temperature of
the battery 228. The sequencing means comprises adiode 238. As known to
artisans of ordinary skill, other devices such asintegrated circuits or electrical
cables, individually or in combinations, could be utilized asthe means for
sequencing 238. The electrical load 234 represent electrical loads by electrical

components within the vehicle electrical system which may comprise a starter
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motor, a heating element, an air conditioning unit, a compressor, a cooling fan,
headlights, or a pump, to name a few examples.

[0069] The electrical system depicted in FIG. 2 operates similarly to that
depicted in FIG. 1. Both first and second voltage regulators, 214 and 204 operate
to regulate the output voltage of their respective generators 220 and 206,
respectively. But in addition to voltage regulation, the present electrical subsystem
is configured to provide electrical power to the electrical subsystem 232
sequentially, first from the first generator 220 and then from the second generator
206. This system configuration allows one to engage the second generator 206
only when the electrical power capacity of the first generator 220 has been
exhausted. The only notable difference between the electrical systems of FIGs. 1
and 2 is the absence of electrical isolation between two or more electrical
subsystems within the electrical system. In such applications, the electrical system
of FIG. 2 facilitates the same monitoring and control of the various components
within the vehicle electrical system without the need for an isolating means.
[0070] FIG. 3isaflow diagram 300 of one preferred method of operation of
the vehicle electrical system of FIG. 1 According to this embodiment, the method
comprises sensing two or more first-regul ator-electrical-subsystems-sense

voltages, such asthe two voltages vi, and V,,, viathe first voltage regulator 114
which is coupled with the first generator 120, at 302. The method further
comprises regulating the output voltage of the first generator 120, via the first
voltage regulator 114, at a first regulation voltage, such asthe voltage regulation
v,, in response to the highest value of the two voltages v,, and V_,, at 306. The
method further comprises sensing a second-regul ator-generator-output-sense
voltage, viathe second voltage regulator 104 coupled with the second generator
106, such as the voltage v at the input to the diode 152 which is the same point
as the output terminal 154 of the second generator 106, at 310. The method further
comprises regulating the output voltage of the second generator 106, via the
second voltage regulator 104, at the first regulation voltage v,, in response to the
voltage v at 314. According to this method, when implemented on a vehicle

electrical system such asthat depicted in FIG. 1, two generators 106 and 120 can
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provide electrical power to two electrical subsystems 132 and 136 sequentially
while providing electrical isolation between said electrical subsystems, and
protecting against overcharging the two electrical subsystems 132 and 136.
[0071] FIG. 4 isaflow diagram 400 of a preferred method of operation of the
vehicle electrical system of FIG. 1further providing steps to monitor and respond
to temperature changes of the battery 128. Specifically, according to this
embodiment, the method comprises the same steps, 402 thru 414, as those
discussed in relation with FIG. 3, but further comprises generating afirst signal
indicative of the temperature of the battery 128, at 418, sensing the first signal, via
at least one of the first and second voltage regulators, 114 and 104 at 422, and
modifying the regulation voltage v, according to the first signal via at least one of
the first and second voltage regulators, 114 and 104 at 426.

[0072] FIG. 4A isaflow diagram that depicts additional steps that maybe
added to the method of operation, depicted in FIG. 4, so asto provide monitoring
and responding to the type of the battery being used. According to this preferred
method of operation of the vehicle electrical system of FIG. 1the method further
comprises generating a second signal indicative of the type of the battery 128, at
434, sensing the second signal, via at least one of the first and second voltage
regulators, 114 and 104 at 438, and modifying the regulation voltage v, according
to the second signal via at least one of the first and second voltage regulators, 114
and 104 at 442.

[0073] FIG. 5isaflow diagram 500 of a preferred method of operation of the
vehicle electrical system of FIG. 1further providing steps to monitor and respond
to excessive voltages that may indicate faulty operation of the vehicle electrical
system. Specifically, according to this embodiment, the method comprises the
same steps, 502 thru 514, asthose discussed in relation with FIG. 3, but further
comprises sensing a first-regulator-isolator-input-sense  voltage of an input

termina of the means for isolating 150, such asthe voltage v ., viathe first voltage

IS?
regulator 114, at 518, and activating an over-voltage-cut-out (OVCO) circuit (not
shown), when vq is above athreshold value, at 522. Artisans of ordinary skill

should know such OV CO circuits and the reader is referred to the above-
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mentioned US patent Nos. 7,202,574 and 7,276,804 and their progenies for
additional information.

[0074] FIG. 5A isaflow diagram that depicts two additional steps that maybe
added to the method of operation, depicted in FIG. 5, so asto provide proper
voltage regulation in light of system malfunction. Specificaly, the first voltage
regulafor 114 further operates to sense a first-voltage-regul ator-energize-sense
voltage, such asthe voltage v, viathe first voltage regulator 114 at 530 and
regulate the output voltage of the first generator 120 at the first regulation voltage
v, in response to the sensed voltage v, when the v ¢ is less than afirst threshold
value and a duty cycle of the output field current of the first generator 120 is above
asecond threshold. These limits on the measured voltage v, together with the
limit on the duty cycle of the generator's field current indicate an inconsistency or
malfunction with the operation of the vehicle electrical system. Assuch both first
and second voltage regulators 114 and 104 provide passive and active control of
the vehicle electrical system in the form of visual indicators and selection of the
proper sensed voltage for purposes of voltage regulation.

[0075] FIG. 6 is aflow diagram 600 of one preferred method of operation of
the vehicle electrical system 100 of FIG. 1, further illustrating the implementation
of a programming code in aprocessor (not show) included in the first and second
voltage regulators 114 and 104, respectively. The processor may be analog or
digital such asamicroprocessor. In one preferred embodiment, the microprocessor
isa68HCO08 processor having internal flash memory available from Freescale of
Scottsdale, Arizona. It is contemplated that the processor may be a combination of
individual discrete or separate integrated circuits packaged in a single housing or it
may be fabricated in asingle integrated circuit.

[0076] Upon power up at 602, the processor, included in the first voltage
regulator 114, measures two voltages, namely v,, and vi., at the outputs of the
means for isolating 150 at 606. The processor in the first voltage regulator 114
regulates the output voltage of the first generator 120 so that the maximum value
of vn and v,, is substantially equal to the first regulation voltage v, at 610. The

processor, included in the second voltage regulator 104, measures the voltage V,,
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at the input to the means for sequencing, i.e, the diode 152 which, in this preferred
embodiment, isthe same point asthe output terminal 154 of the second generator
106 at 614. The processor branches at 616 and regulates the output voltage of the
second generator 106 so that the measured voltage V,, is substantially equal to the
first regulation voltage v, at 618. These steps, when implemented in avehicle
electrical system of FIG. 1, ensure that the first and second generators 120 and 106
provide electrical power sequentialy, first from the first generator 120 and then
from the second generator 106, to two electrical subsystems 132 and 136 that are
electrically isolated via the means for isolating 150.

[0077] The additional steps, shown in FIG. 6, are performed so asto monitor
and respond to additional parameters related to inconsistency in the value of V,
and v_,, and potential modification of the regulation voltage as a function of
temperature and type of the battery 128. Specifically, the processor compares the
lowest vaue of the two voltages V  and V,, with apredetermined value v, at 622.
If the lowest value is less than the predetermined value, then the processor
branches at 654 and generates an error signal by turning on ared LED at 648.
[0078] If the lowest value is not less than the predetermined value, then the
processor branches at 624 and senses the signal S, at 630, generated by the battery
128, indicative of the temperature of the battery 128, at 626. Although not shown
in FIG. 1, the signal S, is available to both voltage regulators 104 and 114 and as
such either or both regulators may sense the signal and communicate it with the
other voltage regulator or the vehicle computer system. Either or both processors
in the first and second voltage regulators 104 and 114 may modify the regulation
voltage v, according to a look-up table, such as that shown at 656 or a functional
relationship computed by the processor at 634. A signa S,, indicative of the type
of the battery 128, is generated at 638 and either or both voltage regulators 104
and 114 sense the signal S, at 642 and modify the regulation voltage v, at 646.
[0079] FIG. 7 isaflow diagram 700 of one preferred method of operation of
the vehicle electrical system 100 of FIG. 1. According to this preferred method,
additional steps are taken to ensure that an over voltage cut out circuit is triggered

upon detection of an over voltage condition and comparison of the sensed voltages
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and generator output power controller to ascertain which sensed voltage best
represent the operating conditions.

[0080] Upon power up at 702, the processor, included in the first voltage
regulator 114, measures two voltages, namely v,, and v1,, at the outputs of the
means for isolating 150 at 706. The processor in the first voltage regulator 114
regulates the output voltage of the first generator 120 so that the maximum value
of Vn and V,, is substantially equa to the first regulation voltage v, at 710. The
processor, included in the second voltage regulator 104, measures the voltage v,
at the input to the means for sequencing, i.e., the diode 152 which, in this preferred
embodiment, isthe same point as the output terminal 154 of the second generator
106 at 714. The processor branches at 716 and regulates the output voltage of the
second generator 106 so that the measured voltage V., is substantially equal to the
first regulation voltage v, at 718. These steps, when implemented in avehicle
electrical system of FIG. 1, ensure that the first and second generators 120 and 106
provide electrical power sequentialy, first from the first generator 120 and then
from the second generator 106, to two electrical subsystems 132 and 136 that are
electricaly isolated via the means for isolating 150.

[0081] The additional steps, shown in FIG. 7, are performed so asto monitor
and respond to additional parameters related to inconsistency inthe vaue of v,
Vi, and Vis, and potential modification of the regulation voltage as a function of
temperature and type of the battery 128. Specifically, the processor compares the
lowest value of the two voltages v, and V|, with a predetermined vaue vy at 722.
Asin FIG. 6, if the lowest value is less than the predetermined value, then the
processor branches at 782 and generates an error signal by turning on ared LED at
784.

[0082] If the lowest value isnot less than the predetermined value, then the
processor branches at 724 and senses the signal vigat 726 and compares it with a
threshold value v, at 730. If v . is greater than the threshold value v, the
processor branches at 748 and activates an over voltage cut out (OVCO) circuit at
774 and branches at 776 to continue the process. If v|gisnot greater than the

threshold value v, the processor branches at 732 and compares v,gto determine if
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it is smaller than another threshold value v, at if the duty cycle D of the field
current is greater than athreshold duty cycle D_.. If the condition is not met, the
electrical system is operating as expected and the processor branches at 742 to
continue the process. If, however, the condition is met, the processor branches at
736 and senses the voltage v of an energize terminal at 738. The first regulator
114 regulates the first generator 120 so that v = v, at 744. The remaining steps
750 thru 772 are similar to those discussed in relation with FIG. 6. The only
notable difference is the variation of regulation voltage as a function of
temperature and type of the battery 128 in this preferred embodiment as shown at
786 where the modified regulation voltage v,,, increases as the battery temperature
Tg, increases when charging a battery of type K2.

[0083] The foregoing discloses avehicle electrical system, including methods
of operations, which comprises two generators coupled with one or more electrical
subsystem, each of which may include at least one of a stored energy source and
electrical load. The generators are regulated via their corresponding voltage
regulators at acommon regulation voltage. Sequentia electrical power delivery
from the generators can be achieved by utilizing a sequencing means, such a diode
or along electrical cable, and selection of proper point at which the sense voltage
isto be measured. Where two or more electrical subsystems are present, electrical
isolation can be attained by an isolating means, such as diodes or integrated
circuits. The voltage regulators further operate to ensure that the electrical
subsystems are not overcharged by sensing and responding to the highest voltage
of the two or more €electrical subsystems. Other systems parameters are monitored
and utilized so as to facilitate proper control and operation of the electrical system
when an inconsistency or afault occurs.

[0084] The foregoing explanations, descriptions, illustrations, examples, and
discussions have been set forth to assist the reader with understanding this
invention and further to demonstrate the utility and novelty of it and are by no
means restrictive of the scope of the invention. It is the following claims,

including al equivalents, which are intended to define the scope of this invention.
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WHAT IS CLAIMED IS:

1. A vehicle electrical system, comprising:

@ afirst generator coupled with two or more electrical
subsystems, each of said electrical subsystems comprising at least one of a stored
energy source and electrical load, viaameans for isolating;

(b)  asecond generator coupled with one of the two or more
electrical subsystems, via a means for sequencing operative to introduce a change
in voltage between the second generator and the one of the two or more electrical
subsystems;

(© a first voltage regulator, coupled with the first generator,
operative to sense two or more first-regul ator-el ectrical -subsystems-sense  voltages
of the two or more electrical subsystems and regulate an output voltage of the first
generator at afirst regulation voltage in response to the highest voltage of the two
or more first-regulator-electrical-subsystems-sense voltages,

(d  asecond voltage regulator, coupled with the second
generator, operative to sense a second-regulator-generator-output-sense voltage of
an output terminal of the second generator and regulate an output voltage of the
second generator at the first regulation voltage in response to the second-regulator-
generator-output-sense voltage;

wherein the vehicle electrical system operates to electrically isolate
the two or more electrical subsystems, to protect against overcharging the two or
more electrical subsystems, and to provide electrical power to the two or more

electrical subsystems sequentially from the first and second generators.

2. The system of claim 1, wherein the means for isolating comprises

two or more diodes.

3. The system of claim 1, wherein the means for sequencing comprises

one of adiode, an integrated circuit, an electrical cable.

4. The system of claim 1, wherein the two or more electrical
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subsystems comprise at least one stored energy source and the system further
comprises means to generate afirst signa indicative of atemperature of the stored
energy source and wherein at least one of the first and second voltage regulators
further operates to sense the first signal and modify the first regulation voltage
according to the first signal.

5. The system of claim 4, wherein at least one of the first and second
voltage regulators further operates to generate an error signal indicative of a fault
condition, viaa means for communicating, when the first signal is outside of a

predetermined range.

6. The system of claim 5, wherein the means for communicating is one
of alight emitting diode and vehicle computer system 1/O port.

7. The system of claim 4, wherein the first voltage regulator further
operates to sense a first-regulator-energize-sense voltage of an energize terminal
and regulate the output voltage of the first generator at the first regulation voltage
in response to the first-regulator-energize-sense voltage, when the first signal is

outside of a predetermined range.

8. The system of claim 4, wherein the means to generate the first
signal is one of athermistor disposed in proximity of the stored energy source, an
internal voltage regulator temperature sensor, and vehicle computer system /O
port.

9. The system of claim 4, wherein the modification of the first

regulation voltage is achieved via a lookup table.

10.  The system of claim 4, wherein the first regulation voltage is
modified according to a default temperature when the first signal is outside of a

predetermined range.

11.  The system of claim 4, further comprising means to generate a
second signal indicative of atype of the stored energy source and wherein at least
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one of the first and second voltage regulators further operates to sense the second
signal and further modify the first regulation voltage according to the second

signal.

12.  The system of claim 11, wherein the means to generate the second

signa is one of aswitch and vehicle computer system 1/O port.

13.  The system of claim 1, wherein at least one of the first and second
voltage regulators further operates to generate an error signal indicative of a fault
condition, viaa means for communicating, when the lowest voltage of the two or
more first-regulator-el ectrical-subsystems-sense voltages is less than a

predetermined value.

14.  The system of clam 1, wherein the first voltage regulator further
operates to sense a first-regulator-energize-sense voltage of an energize terminal
and regulate the output voltage of the first generator at the first regulation voltage
in response to the first-regul ator-energize-sense voltage, when the lowest voltage
of the two or more first-regulator-el ectrical -subsystems-sense voltages is less than
apredetermined value.

15.  The system of claim 1, wherein the first voltage regulator further
operates to activate an over-voltage-cut-out circuit when the highest voltage of the
two or more first-regulator-electrical-subsystems-sense voltages is greater than a
predetermined value.

16.  The system of claim 1, wherein the first voltage regulator further
operates to sense a first-regul ator-isol ator-input-sense voltage of an input terminal
of the means for isolating and activate an over-voltage-cut-out circuit when the
first regulator-isolator-input-sense voltage is greater than afirst predetermined

value.

17.  The system of claim 16, wherein at least one of the first and second

voltage regulators further operates to generate an error signal indicative of a fault
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condition, viaameans for communicating, when the first-regul ator-isol ator-input-
sense voltage is greater than the lowest voltage of the two or more first-regulator-

el ectrical-subsystems-sense voltages by a second predetermined value.

18.  The system of claim 16, wherein the first voltage regulator further
operates to sense a first-regul ator-energize-sense voltage of an energize terminal
and regulate the output voltage of the first generator at the first regulation voltage
in response to the first-regulator-energize-sense voltage, when the first-regulator-
isolator-input-sense voltage is greater than the lowest voltage of the two or more
first-regul ator-el ectrical-subsystems-sense voltages by a second predetermined

value.

19.  The system of claim 16, wherein at least one of the first and second
voltage regulators further operates to generate an error signal indicative of a fault
condition, via a means for communicating, when the first-regulator-isol ator-input-
sense voltage is less than a second predetermined value and a duty cycle of the
first generator field current is greater than athird predetermined value.

20.  The system of claim 16, wherein the first voltage regulator further
operates to sense a first-regul ator-energize-sense voltage of an energize terminal
and regulate the output voltage of the first generator at the first regulation voltage
in response to the first-regulator-energize-sense voltage, when the first-regulator-
isolator-input-sense voltage is less than a second predetermined value and a duty
cycle of the first generator field current is greater than athird predetermined value.

21 The system of claim 1, wherein the first voltage regulator further
operates to sense a first-regul ator-energize-sense voltage of an energize terminal
and activate an over-voltage-cut-out circuit when the first-regul ator-energize-sense

voltage is greater than a predetermined value.

22. A vehicle electrical system, comprising:
@ afirst generator coupled with two or more electrical

subsystems, each of said electrical subsystems comprising at least one of a stored
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energy source and electrical load, viaa means for isolating;

(b) a second generator coupled with one of the two or more
electrical subsystems, viaameans for sequencing operative to introduce a change
in voltage between the second generator and the one of the two or more electrical
subsystems;

(c) a first voltage regulator, coupled with the first generator,
operative to sense a first-regulator-electrical subsystems-sense voltage of one of
the two or more electrical subsystems and regulate an output voltage of the first
generator at afirst regulation voltage in response to the first-regulator-electrical
subsystems-sense voltage;

(d) a second voltage regulator, coupled with the second
generator, operative to sense a second-regulator-generator-output-sense voltage of
an output terminal of the second generator and regulate an output voltage of the
second generator at the first regulation voltage in response to the second-regulator-
generator-output-sense voltage;

wherein the vehicle electrical system operates to electrically isolate
the two or more electrical subsystems and to provide electrical power to the two or

more electrical subsystems sequentially from the first and second generators.

23. A vehicle electrical system, comprising:

@ afirst generator coupled with an electrical subsystem
comprising at least one of a stored energy source and electrical load;

(b) a second generator coupled with the electrical subsystem, via
ameans for sequencing operative to introduce a change in voltage between the
second generator and electrical subsystem;

(©) a first voltage regulator, coupled with the first generator,
operative to sense a first-regulator-electrical-subsystem-sense voltage of the
electrical subsystem and regulate an output voltage of the first generator at afirst
regulation voltage in response to the first-regulator-el ectrical-subsystem-sense
voltage;

(d) a second voltage regulator, coupled with the second
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generator, operative to sense a second-regulator-generator-output-sense voltage of
an output terminal of the second generator and regulate an output voltage of the
second generator at the first regulation voltage in response to the second-regulator-
generator-output-sense voltage;

wherein the vehicle electrical system operates to provide electrical
power to the electrical subsystem sequentially from the first and second

generators.

24. A method for electrically isolating, protecting against overcharging,
and providing electrical power, sequentialy from afirst and second generators, to
two or more electrical subsystems in avehicle electrical system, wherein each of
said electrical subsystems comprising at least one of a stored energy source and
electrical load, said first generator coupled with the two or more electrical
subsystems via a means for isolating, said second generator coupled with one of
the two or more electrical subsystems, via ameans for sequencing operative to
introduce a change in voltage between the second generator and the one of the two
or more electrical subsystems, said method comprising:

(1) sensing two or more first-regul ator-el ectrical -subsystems-
sense voltages of the two or more electrical subsystems, via afirst voltage
regulator coupled with the first generator;

(i)  regulating an output voltage of the first generator at a first
regulation voltage in response to the highest voltage of the two or more first-
regul ator-el ectrical-subsystems-sense voltages, via the first voltage regulator;

(iii)  sensing a second-regulator-generator-output-sense voltage of
an output terminal of the second generator, via a second voltage regulator coupled
with the second generator; and

(iv)  regulating an output voltage of the second generator at the
first regulation voltage in response to the second-regul ator-generator-output-sense

voltage, viathe second voltage regulator.

25. The method of claim 24, wherein the two or more €electrica
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subsystems comprise at least one stored energy source and the system further
comprises means to generate a first signal indicative of atemperature of the stored
energy source, said method further comprising:

(v)  sensing the first signal, viaat least one of the first and second
voltage regulators; and

(vi)  modifying the first regulation voltage according to the first
signal, viaat least one of the first and second voltage regulators.

26.  The method of claim 25, further comprising:
(vii) generating an error signa indicative of afault condition,
when the first signal is outside of a predetermined range, via a means for

communicating.

27.  The method of claim 25, further comprising:
(vii) sensing afirst-regulator-energize-sense voltage of an
energize terminal, viathe first voltage regulator; and
(viii)  regulating the output voltage of the first generator at the first
regulation voltage in response to the first-regulator-energize-sense voltage, when

the first signal is outside of a predetermined range, via the first voltage regulator.

28.  The method of claim 25, wherein the system further comprises
means to generate a second signal indicative of atype of the stored energy source,
said method further comprising:

(vii)  sensing the second signal, via at least one of the first and
second voltage regulators; and

(viii) modifying the first regulation voltage according to the
second signal, via at least one of the first and second voltage regulators.

29.  The method of claim 24, further comprising:
(v)  generating an error signal indicative of afault condition
when the lowest voltage of the two or more first-regul ator-el ectrical -subsystems-
sense voltages is less than a predetermined value, via a means for communicating.
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30. The method of claim 24, further comprising:
(v) sensing a first-regulator-energize-sense voltage of an
energize terminal, viathe first voltage regulator;
(vi)  regulating the output voltage of the first generator at the first
regulation voltage in response to the first-regulator-energize-sense voltage, when
the lowest voltage of the two or more first-regulator-el ectrical-subsystems-sense

voltages is less than a predetermined value, viathe first voltage regulator.

31  The method of claim 24, further comprising:
(v)  activating an over-voltage-cut-out circuit when the highest
voltage of the two or more first-regulator-el ectrical-subsystems-sense voltages is

greater than a predetermined value, viathe first voltage regulator.

32. The method of claim 24, further comprising:
(v)  sensing afirst-regulator-isolator-input-sense voltage of an
input terminal of the means for isolating, viathe first voltage regulator; and
(vi)  activating an over-voltage-cut-out circuit when the first
regul ator-isolator-input-sense voltage is greater than afirst predetermined value,

viathe first voltage regulator.

33. The method of claim 32, further comprising:
(vii) generating an error signa indicative of afault condition
when the first-regulator-isolator-input-sense voltage is greater than the lowest
voltage of the two or more first-regulator-electrical-subsystems-sense voltages by

a second predetermined value, via a means for communicating.

34.  The method of claim 32, further comprising:
(vii) sensing afirst-regulator-energize-sense voltage of an
energize terminal, viathe first voltage regulator; and
(viii) regulating the output voltage of the first generator at the first
regulation voltage in response to the first-regulator-energize-sense voltage, when
the first-regulator-isolator-input-sense voltage is greater than the lowest voltage of

37



WO 2011/011088 PCT/US2010/002090

the two or more first-regulator-el ectrical-subsystems-sense voltages by a second

predetermined value, viathe first voltage regulator.

35.  The method of claim 32, further comprising:
(vii) generating an error signa indicative of afault condition
when the first-regul ator-isol ator-input-sense voltage is less than a second
predetermined value and aduty cycle of the first generator field current is greater

than athird predetermined value, viaameans for communicating.

36. The method of claim 32, further comprising:

(vii) sensing afirst-regulator-energize-sense voltage of an
energize terminal, viathe first voltage regulator; and

(viii) regulating the output voltage of the first generator at the first
regulation voltage in response to the first-regul ator-energize-sense voltage, when
the first-regulator-isolator-input-sense voltage is less than a second predetermined
value and a duty cycle of the first generator field current isgreater than athird
predetermined value, viathe first voltage regulator.

37.  The method of claim 24, further comprising:
(v)  sensing afirst-regulator-energize-sense voltage of an
energize terminal, viathe first voltage regulator; and
(vi)  activating an over-voltage-cut-out circuit when the first-
regulator-energize-sense voltage is greater than a predetermined value, viathe first
voltage regulator.

38. A method for electrically isolating and providing electrical power,
sequentially from a first and second generators, to two or more electrical
subsystems in a vehicle electrical system, wherein each of said electrical
subsystems comprising at least one of a stored energy source and electrical load,
said first generator coupled with the two or more electrical subsystems viaa
means for isolating, said second generator coupled with one of the two or more
electrical subsystems, viaa means for sequencing operative to introduce a change
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in voltage between the second generator and the one of the two or more electrical
subsystems, said method comprising:

() sensing afirst-regulator-electrical subsystems-sense voltage
of one of the two or more electrical subsystems, via afirst voltage regulator
coupled with the first generator;

(i)  regulating an output voltage of the first generator at afirst
regulation voltage in response to the first-regulator-electrical subsystems-sense
voltage, viathe first voltage regulator;

(ili)  sensing a second-regulator-generator-output-sense voltage of
an output terminal of the second generator, via a second voltage regulator coupled
with the second generator; and

(iv)  regulating an output voltage of the second generator at the
first regulation voltage in response to the second-regul ator-generator-output-sense

voltage, via the second voltage regulator.

39. A method for providing electrical power, sequentially from afirst
and second generators, to an electrical subsystem wherein said electrical
subsystem comprising at least one of a stored energy source and electrical load in
avehicle electrical system, said first generator coupled with the electrical
subsystem, said second generator coupled with the electrical subsystem, viaa
means for sequencing operative to introduce a change in voltage between the
second generator and the electrical subsystem, said method comprising:

0] sensing a first-regulator-el ectrical-subsystem-sense voltage
of the electrical subsystem, via a first voltage regulator coupled with the first
generator;

(i)  regulating an output voltage of the first generator at afirst
regulation voltage in response to the first-regulator-electrical subsystem-sense
voltage, viathe first voltage regulator;

(ili)  sensing a second-regulator-generator-output-sense voltage of
an output terminal of the second generator, via a second voltage regulator coupled

with the second generator; and
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(iv)  regulating an output voltage of the second generator at the
first regulation voltage in response to the second-regul ator-generator-output-sense

voltage, viathe second voltage regulator.
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