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continuously variable transmission to transform rotational energy from the variable speed power source Into substantially constant
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(57) Abstract: Disclosed herein is an AC electrical generator system for coupling a variable speed rotating power source to an AC

electrical generator through a continuously variable transmission having a finite variable transmission ratio. A controller controls the
continuously variable transmission to transform rotational energy from the variable speed power source into substantially constant

speed rotation of the AC electrical generator to produce AC electricity with frequency variations within an acceptable range.
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AC ELECTRICAL GENERATION SYSTEM

[0001]

BACKGROUND

[0002] The present disclosure relates to electrical generators and
more specifically, alternating current (AC) generators for use with variable
speed power sources. '

[0003] There is a need for viable and consistent generation of AC

“electrical power from energy sources with \}ariable speed. Typically, when

dealing with energy sources that have variable output speeds, the

traditional solution has been to couple the energy source to a DC generator

as DC current is more easily normalized to a constant voltage using
techniques known to those skilled in the art.

[0004] HoWever, DC power systems have several drawbacks, DC
power systems normally run at a relatively lower voltage than comparable
AC power systems. As a result, DC systems require larger gauged wiring

and components are, on average, larger and more expensive than

equivalent AC components. While it is possible to convert a DC electrical

current to an AC electrical current by electronically boosting the DC voltage
and then artificially chopping the voltage to produce a pseudo AC sine
wavé, this solution is problematic due to the complex electrical control
system necessary to produce the pseudo AC sine wave output and
efficiency losses that occur in the required voltage transformation and
voltage chopping.

[0005] Thus, there is a need to be able to convert a variable speed
power source into reliable AC electrical current.
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SUMMARY OF THE DISCLOSURE
[0006] This disclosure relates to an AC electrical generator system coupled to

a variable speed power source which utilizes a variable speed transmission with
appropriate control devices to convert the variable speed power source to a
substantially constant speed that can be input to a standard AC generator to produce

a substantially constant frequency AC electrical current.

[0007] In another form, this disclosure relates to a vehicle mounted AC
electrical generator system where the vehicle includes a variable speed prime mover
power source coupled to a continuously variable transmission which has essentially
an infinite number of transmission ratios available within a finite range. The
continuously variable transmission is coupled to an AC electrical generator and the
continuously variable transmission is controlled to produce a substantially constant

output speed.

[0007a] This disclosure also relates to an AC electrical generator system
mounted on a vehicle, the vehicle having a prime mover controlled by a control
system and a mechanical output operable to transfer rotational energy from the prime
mover, wherein the rotational energy is transferred with a rotational speed in a finite
range, the AC electrical generator system comprising: an AC electrical generator
operable to produce AC electrical energy at a target frequency when rotated a target
speed; a frequency sensor operable to determine the frequency of the AC electricity
generated by said AC electrical generator a continuously variable transmission,
coupling the mechanical output to said AC electrical generator; said continuously
variable transmission having a finite variable transmission ratio; and a controller
coupled to said continuously variable transmission operable to control said finite
variable transmission ratio based at least in part on the determined frequency of the
AC electricity generated by said AC electrical generator such that the rotational

energy from the mechanical output rotates said AC electrical generator substantially

at the target speed to generate AC electricity at the target frequency.
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[0007b] This disclosure also relates to an AC electrical generator system

mounted on a vehicle, the vehicle having a prime mover controlled by a control
system and a mechanical output operable to transfer rotational energy from the prime
mover, wherein the rotational energy Is transferred with a rotational speed In a finite
range, the AC electrical generator system comprising: an AC electrical generator
operable to produce AC electrical energy at a target frequency when rotated a target
speed; a continuously variable transmission, coupling the mechanical output to said
AC electrical generator; said continuously variable transmission having a finite
variable transmission ratio; a controller coupled to said continuously variable
transmission operable to control said finite variable transmission ratio such that the
rotational energy from the mechanical output rotates said AC electrical generator
substantially at the target speed; and an RPM sensor operable to determine a
rotational speed before said continuously variable transmission, wherein said
controller is operable to control said finite variable transmission ratio based at least in
part on the determined rotational speed before said continuously variabie

transmission.

[0007c] This disclosure also relates to an AC electrical generator system
mounted on a vehicle, the vehicle having a prime mover controlled by a control
system and a mechanical output operable to transfer rotational energy from the prime
mover, wherein the rotational energy is transferred with a rotational speed In a finite
range, the AC electrical generator system comprising: an AC electrical generator
operable to produce AC electrical energy at a target frequency when rotated a target
speed; a variable diameter pulley drive, coupling the mechanical output to said AC
electrical generator; said variable diameter pulley drive having a finite variable
transmission ratio; and a controller coupled to said Continuously variable transmission
operable to contro! said finite variable transmission ratio such that the rotational

energy from the mechanical output rotates said AC electrical generator substantially

at the target speed a pneumatic actuator that adjusts the position of a V-pulley
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member of said variable diameter pulley drive, wherein said pneumatic actuator

does not include internal spring actuation.

[0007d] This disclosure also relates to a method of generating AC electricity on
a moving vehicle, the vehicle having a prime mover controlied by a control system
and a mechanical output operable to transfer rotational energy from the prime mover,
the method comprising the steps of: a) providing an AC electrical generator operable
to produce AC electrical energy at a target frequency when rotated a target speed,
wherein the AC electrical generator is mounted on the vehicle and coupled to the
mechanical output to the AC electrical generator through a continuously variable
transmission having a finite variable transmission ratio; b) providing a controller
operable control the finite variable transmission ratio; ¢) determining the frequency of
the electricity generated by the AC electrical generator; d) providing control logic that
correlates the finite variable transmission ratio to the determined frequency and the
target frequency; ) in the controller, determining the finite variable transmission ratio
so that the AC electrical generator produces AC electricity at the target frequency; f)
adjusting the transmission ratio of the continuously variable transmission so the AC

electrical generator produces AC electricity at the target frequency.

[0007¢]} This disclosure also relates to a method of generating AC electricity on
a moving vehicle, the vehicle having a prime mover controlled by a control system
and a mechanical output operable to transfer rotational energy from the prime mover,
the method comprising: a) providing an AC electrical generator operable to produce
AC electrical energy at a target frequency when rotated a target speed, wherein the
AC electrical generator is mounted on the vehicle and coupled to the mechanical
output to the AC electrical generator through a variable diameter pulley drive having a
finite variable transmission ratio; b) providing a controller operable control the finite
variable transmission ratio; c) determining the frequency of the electricity generated

by the AC electrical generator; d) providing control logic that correlates the finite

variable transmission ratio to the determined frequency and the target frequency;
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e) In the controller, determining the finite variable transmission ratio so that the AC
electrical generator produces AC electricity at the target frequency; f) adjusting the
transmission ratio of the variable diameter pulley drive so the AC electrical generator
produces AC electricity at the target frequency; g) providing a pneumatic actuator that
adjusts the position of a V-pulley member of the variable diameter pulley drive,

wherein the pneumatic actuator does not include internal spring actuation.

[0007f] This disclosure also relates to a kit comprising: an AC electrical
generator operable to produce AC electrical energy at a target frequency when
rotated a target speed; a frequency sensor operable to determine the frequency of
the AC electricity generated by said AC electrical generator; a continuously variable
transmission operable to couple an independently controlled, rotating variable speed
mechanical output to said AC electrical generator; said continuously variable
transmission having a finite variable transmission ratio; and a controller operable to
control said finite variable transmission ratio based at least in part on the determined
frequency of the AC electricity generated by said AC electrical generator such that
the variable speed rotating mechanical output rotates said AC electrical generator

substantially at the target speed when coupled together.

{0007g] This disclosure also relates to a kit comprising: an AC electrical
generator operable to produce AC electrical energy at a target frequency when
rotated a target speed; a continuously variable transmission operable to couple an
independently controlled, rotating variable speed mechanical output to said AC
electrical generator; said continuously variable transmission having a finite variable
transmission ratio; a controller operable to control said finite variable transmission
ratio such that the variable speed rotating mechanical output rotates said AC
electrical generator substantially at the target speed when coupled together; and an
RPM sensor operable to determine a rotational speed before said continuously

variable transmission, wherein said controller is operable to control said finite variable
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transmission ratio based at least in part on the determined rotational speed before

sald continuously variable transmission.

[0007h] This disclosure also relates to a kit comprising: an AC electrical
generator operable to produce AC electrical energy at a target frequency when
rotated a target speed; a variable diameter pulley drive operable to couple an
iIndependently controlled, rotating variable speed mechanical output to said AC
electrical generator; said variable diameter pulley drive having a finite variable
transmission ratio; and a controller operable to control said finite variable
transmission ratio such that the variable speed rotating mechanical output rotates
sald AC electrical generator substantially at the target speed when coupled together;
and a pneumatic actuator operable to adjust the position of a V-pulley member of
said variable diameter pulley drive, wherein said pneumatic actuator does not include

internal spring actuation.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 I1s a schematic drawing of one embodiment of a system of the
present disclosure depicting a prime mover for a vehicle coupled to an AC
electrical generator system.

FIG. 2 Is a schematic drawing of an alternate embodiment of the
system depicted in FIG. 1 including alternative controls.

FIG. 3 Is a schematic drawing of an alternative embodiment of the
systems depicted in FIG.1 and FIG. 2 depicting alternative control signals.

FIG. 4 I1s an enlarged longitudinal fragmentary sectional view of a
power take off (PTO)

FIG. 5 Is a partial, diagrammatic, top plan view of a vehicle in which
an AC electrical generating system is installed (according to the present
disclosure).

FIG. 6 Is a top plan view of the variable diameter pulley drive
(VDPD) illustrated in FIG. 5, with the VDPD is depicted in the lowest gear.
FIG. 7 Is a top plan view of the variable diameter pulley drive
(VDPD) illustrated in FIG. 5 with the VDPD is depicted in the highest gear.

FIG. 8 Is a schematic drawing of one embodiment of the present
disclosure depicting a system for generating constant AC power from a

variable speed power source.
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DETAILED DESCRIPTION

[0008] For the purposes of promoting an understanding of the
principles of this disclosure, reference will now be made to certain
embodiments thereof and specific language will be used to describe the
same. It will nevertheless be understood that no limitation of the scope of
this disclosure Is thereby intended, such alterations, further modifications
and further applications of the principles as described herein being
contemplated as would normally occur to one skilled in the art to which this
disclosure relates.

[0009] The present disclosures includes several embodiments that
relate to applying a readily available highly commercially developed and
relatively inexpensive AC generator to a vehicle instead of the overly
complicated DC generators and inverters previously applied to such
vehicles. The elements set forth below and depicted in FIGs. 1-8 allow this
to be achieved in a way that is consistent with heavy-duty electrical
generation that is convenient and safe for use.

[0010] In a more general sense, the present disclosure relates to
coupling an AC generator to a non-constant speed power source through a
continuously variable transmission controlled to transform the non-constant
speed from the power source into substantially constant speed to the AC
generator.

[0011] FIGs. 1-3 illustrate vehicle systems 100, 101 and 102 wherein
an AC electrical generating system is incorporated. Existing vehicular
components are illustrated demarcated from AC generator accessories by
reference line A. Included in the existing vehicle components is vehicle
system 100, 101 or 102. Existing vehicle components also include a
vehicle frame, which is not illustrated in FIGs. 1-3, but is partially illustrated
In FIG. 5. Vehicle systems 100, 101 and 102 (and “vehicle” in general, as
referenced herein) may encompass many different types of powered

means of transport including land born vehicles such as small or large
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trucks or buses, water born vehicles such as a boat or ship and even air
born vehicles such as an airplane. Vehicle systems 100, 101 and 102
iInclude engine 30 coupled to transmission 40 through primary mechanical
output 34, among other components. These components function as the
prime mover for vehicle systems 100, 101 and 102. It is noted that, while
FIGs. 1-3 describe the incorporation of an AC electrical generating system
into a preexisting vehicle which likely includes an independent system for
generating electricity, the disclosure herein is not so limited. It is
envisioned that the systems disclosed herein could be incorporated into a
vehicle as a part of the original vehicle design, with the disclosed AC
electrical generating system either providing additional capacity for
electrical generation, or replacing all other electrical generating systems.

[0012] Engine 30 may be any one of a variety of prime movers
Including spark-ignited gasoline or natural gas fueled engines or
compression ignition diesel engine. It should be apparent to those skilled
In the art that other forms of prime movers providing mechanical outputs
may be incorporated. Similarly, transmission 40 may be one of a variety of
transmissions but shown herein as an automatic transmission providing
rotatably output shaft 48, which may be coupled to a differential (not
llustrated) as is known In the art. Transmission 40 preferably includes
provisions to add power take off unit (PTQO) 60, which is a standard feature
In class 6 and above truck transmissions. However, use of PTO 60 is not
required as described herein.

[0013] Still referring in general to FIGs. 1-3, the AC generator
systems generally indicated as AC generator systems 105, 106 and 107
include AC generator 160 selected from various sizes and manufacturers
for a particular application. Measured in kilowatt output, it has been found
that 5 to 15 kilowatts are readily accommodated within vehicles as set out
below, although much larger generators can be accommodated with
appropriate modifications. It should be apparent to those skilled in the art
however that many other AC generators can be employed for this purpose,

iIncluding a three-phase AC generator. One of the advantages of an AC
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generator is that it produces a sine wave that replicates the sine wave
produced by utility companies as opposed to the modified or mock sine
wave produced by standard inverters on the market. It is also a feature of
AC generators that they are very robust and easily handle high continuous
current loading as may be experienced in many commercial activities.

[0014] In the illlustrated embodiments, AC generator 160 Is
positioned in the vehicle outside of the compartment for the prime mover,
consisting of engine 30 and transmission 40 as will be described In detall
later. However, it should be noted that AC generator 160 could be
Incorporated almost anywhere, including within the compartments of the
prime mover If space allows or If the disclosed system Is incorporated in the
original vehicle design.

[0015] While referring to components in FIGs. 1-3, the same
reference numerals are used throughout FIGs. 1-7 to reference
components performing similar functions. However, it should be
appreciated that appropriate variations may exist between some
components labeled with the same reference numeral In various
embodiments.

[0016] Still referring to FIGs. 1-3, AC generator systems 105, 106
and 107 are coupled to the prime mover (engine 30 and transmission 40) at
PTO 60 and gearbox 110. Gearbox 110 is coupled to PTO 60 at output 64
from PTO 60. Gearbox 110 can be a passive gearbox with a 1:1 ratio or
can be a multiplying gearbox or a dividing gearbox as will be described
later. In some embodiments, PTO 60 can perform the function of gearbox
110, allowing gearbox 110 to be omitted.

[0017] PTO 60 is selectively engaged or disengaged from
transmission 40 and output 46 with solenoid 116. Solenoid 116 is of a type
that is biased to a disengaged position in the absence of an electrical signal
then urged to an engaged position when the electrical signal is sent to
solenoid 116 via line 175. Powering the coll in solenoid 116 through line
175 results in PTO 60 coupling to output 46. Solenoid 116 in an

unpowered state would leave PTO 60 uncoupled. Line 175 connects
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solenoid 116 to monitor and control interface 170, which enables
engagement of solenoid 116, and therefore mechanical operation of PTO
00 and AC generator system 105, 106 or 107, only when certain conditions
exist as described herein.

[0018] While the mechanical input for AC generator systems 109,
1006 and 107, is illustrated as coming from PTO 60, an alternative
mechanical input might also be derived from any convenient output of the
engine including a primary output of a split transmission, accessory
gearboxes, accessory belt drives and the like.

[0019] Gearbox 110 is coupled to variable diameter pulley drive
(VDPD) 120 through output 114. VDPD 120 is described in further detail in
FIG. 5to FIG. 7, and Is also known In the art as a Reeves Drive. In
general, It should be noted that variable diameter pulley drives or Reeves
Drives, as known In the art, are used to convert a fixed input speed to a
variable output speed. For example, Reeves Drives have been used to
control the revolution speed of a variable speed wood lathe. However, In
the present application, the variable diameter pulley drive or Reeves Drive
IS used In a reverse orientation, that Is, the input speed varies and the
output speed is controlled by the drive to be substantially constant as
described herein.

[0020] VDPD 120, as described in further detail below, comprises to
two V-belt pulleys split perpendicularly to their axis of rotation with a V-belt
running between them. The transmission ratio is changed by moving the
two sections of one pulley closer together and the two sections of the other
pulley further apart. Due to the V-shaped cross section of the belt this
causes the belt to ride higher on one pulley and lower on the other. Doing
this changes the effective diameter of the pulleys, which alters the overall
transmission ratio. The distance between the pulleys does not change and
neither does the length of the belt, so changing the transmission ratio
means both pulleys must be adjusted (one bigger, the other smaller)

simultaneously to maintain the proper tension on the belt.
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[0021] VDPD 120, as depicted in FIGs. 1 to 3 and 5to 7, operates,
In general, with one V-belt pulley pair under constant force, for example, by
a spring, while the other V-belt pulley is controlled to a set position. The
constant force applied to the first V-belt pulley results in the V-belt moving
to an appropriate position dictated by the gap in the second V-belt pulley.
As described below, the effective transmission ratio of VDPD 120 is
controlled by linear actuator 130 by controlling the positioning of one of the
two V-belt pulleys described above. The linear position of actuator 130 is
controlled by position controller 140 which receives feedback from position
sensor 132 via line 136. Position controller 140 controls the positioning of
linear actuator 130 based on set point 142 inputted from speed controller
150 via line 144 as described below.

[0022] Actuator 130 can be in any form known to those skilled in the
art that can adjust VDPD 120, including pneumatic actuators, hydraulic
actuators, linear motors and electro-mechanical actuators. As each
different type of actuator has different control methods and systems, it
should be understood that whichever control method or system Is
appropriate is intended to be covered herein and any extraneous elements
described herein are not required elements.

[0023] The preferred embodiment at this time i1s a pneumatic
diaphragm linear actuator as described more fully below and as illustrated
In FIG. 5. In the case of a pneumatic diaphragm linear actuator, position
sensor 132 and/or position controller 140 may be incorporated directly with
actuator 130. In particular, in this embodiment, line 136 is a pneumatic
control signal varying from 3 to 15psi acting on one side of a diaphragm.
The other side of the diaphragm has a working pressure of approximately
40 to 60psi applied thereto. The 3 to 15psi control signal is presented to a
positioner, which uses a force balance device to "amplify” the control
signal. The "amplified” control signal is balanced against the working
pressure on the diaphragm. Movement of the diaphragm results in
increasing or decreasing the flow of the working pressure airflow, which

moves the position of actuator 130. Accordingly, it should be understood
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that position sensor 132 and/or position controller 140 as well as lines 134
and 1306 are included herein for systems that may require additional
components to control actuator 130, but these components are not
Individually essential. The function of actuator 130 Is to respond to set
point 142 that controls the actual position of actuator 130, which controls
the effective transmission ratio of VDPD 120. As described in more detall
below, set point 142 reflects the position required to generate the desired
revolution speed at output 120.

[0024] AC generator 160 has a mechanical input 161 which Is
adapted to receive a rotatable input from output 126 of VDPD 120. Input
161 Is coupled to VDPD 120 via an appropriate mechanical link such as
liInk 163. In the embodiments illustrated in FIGs. 5 to 7, a direct mechanical
coupling Is utilized. The actual form of the mechanical link Is dependent in
part on the space available to install AC generator system 106. Some
possible methods of mechanically linking mechanical input 161 is coupled
to output 126 include direct drive shaft, offset drive shaft, belt and pulleys
or a gear box, as are known In the art.

[0025] The frequency of the AC current generated by AC generator
160 is dependent on the speed at which mechanical input 161 is rotated.
Variations in the revolution speed at input 161 will correlate to variations in
the frequency of the current generated by AC generator 160. In the
llustrated embodiment, VDPD 120 converts the variable speed coming
from engine 130 and transmission 40 through PTO 60 and gearbox 110 to
a substantially fixed speed at output 126. The substantially fixed speed at
output 126 Is controlled to generate the desired current frequency. The
actual ratio of both gearbox 110 and VDPD 120 are selected to match the
optimal RPM conditions for AC generator 160 to produce the desired
frequency over the operating speed of engine 30 and/or transmission 40.
This is done by selecting the diameters of pulleys in VDPD 120 and the
transmission ratio in gearbox 110 to achieve the required RPM.

[0026] In general, the optimum revolution speed of AC generator 160

o produce a desired frequency is a multiple of the frequency. For
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example, 60 Hz AC generators are commonly produced with optimal
rotation speeds of 1800 RPM or 3600 RPM. Similarly, for 50 Hz AC
generators, the optimal input speed is commonly 1500 RPM or 3000 RPM.
In any event, regardless of the actual optimal rotation speed for a particular
AC generator, the transmission ratios of various components, in particular
gear box 110 and VDPD 120, are determined by comparing the optimal
rotational speed with the anticipated operating characteristics of vehicle
system 100. The optimal rotation speed is compared to the anticipated
speed range generated by vehicle system 100 including engine 30 and
transmission 40.

[0027] In the preferred embodiment, the output of transmission 40
varies between 700 RPM to 2400 RPM, averaging approximately 1550
RPM. The preferred embodiment uses a 3600 RPM generator to produces
00 Hz AC current. Accordingly, in the preferred embodiment, gearbox 110
has a 2:1 transition ratio to effectively double the speed at output 114 as
compared to output 64. VDPD 120 has a high-end transmission ratio of 2.6
and a low-end transmission ratio of 0.75. This arrangement allows gearbox
110 and VDPD 120 to convert 700 RPM (1400 RPM after gearbox 110) to
3600 RPM and to also convert 2400 RPM (4800 RPM after gearbox 100) to
3600 RPM. Looking at VDPD 120 over the anticipated full operation range
of vehicle system 100, the effective operation range of VDPD 120 is
effectively 3.43 over the full range for the preferred embodiment. It has
been found that this is an acceptable operating range for good performance
from a variable diameter pulley drive. Substantially increasing this range
may generate some system instabillities.

[0028] Regarding the consistency of the frequency produced by AC
generator 160, most electrical equipment permits some fluctuation in
frequency. For example, in the United States, UL 2200 permits variations
of minus -10 Hz to +8 Hz in a 60 Hz system (or 50 Hz to 68 Hz). As
another example, many standards utilizing a 50 Hz standard permit
variations of plus or minus 6 Hz (or 44 Hz to 56 Hz). Other countries have

similar ranges of allowable frequency, that most electrical equipment is



10

15

20

2

30

WO 2009/009674

CA 02692749 2010-01-05
PCT/US2008/069669

11

designed to accommodate without damage or failure. Accordingly, the
iInput speed to AC generator 160 can likely experience some fluctuations
without adversely affecting the equipment connected thereto. In any event,
the amount of allowable fluctuation in the generated frequency ultimately
depends upon the range allowed by the equipment connected thereto.

[0029] The frequency output of AC generator 160 is monitored by
frequency sensor 162. Frequency sensor 162 can be incorporated within
the circuitry of AC generator 160 or frequency sensor 162 can be separate.
In any event, frequency sensor 162 detects the frequency of the current
generated by AC generator 160.

[0030] Speed controller 150 includes frequency set point 154.
Frequency set point 154 Is normally set at either at 50 Hz for European
standard electronic equipment or 60 Hz for US standard electronic
equipment. However, frequency set point 154 could be any desired
frequency for a particular application. It should be noted that frequency set
point 154 could be Iin the form of a registry control with two options. One
being 50 Hz and the other being 60 Hz to conform with U.S. and European
standards. Or alternatively, frequency set point 154 could be
preprogrammed at either 50 or 60 Hz. It is also anticipated that frequency
set point 154 could be adjustable over a range, for example through a
speed pot or other form of variable input.

[0031] The electrical output of AC generator 160 is coupled to output
168 through disconnect 166. In one embodiment, output 168 Is In the form
of electrical receptacles utilized to power other electrical devices via
conventional plugs. For example, 120 VAC or 240 VAC plugs commonly
found In the U.S. In other embodiments, output 168 may be directly wired
to equipment or components incorporated within the vehicle. For example,
a high voltage refrigeration system on a delivery truck or the appliances
and outlets In a recreational vehicle. In addition, either output 168 or
disconnect 166 may also incorporate an emergency stop switch and/or
over-temperature sensors. Both disconnect 166 and output 168 are

coupled to monitor and control interface 170.
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[0032] Monitor and control interface 170 monitors both vehicle
systems 100, 101 and 102 and AC generator systems 105, 106 and 107
and includes various interlocks to prevent operation in unsafe conditions.
Monitor and control interface 170 is coupled to solenoid 116 through line
175 and only energizes solenoid 116 when all other programmed interlocks
are met. Monitor and control interface 170 Is coupled to engine 30 by line
177 and transmission 40 by line 176 and monitors the operating conditions
of engine 30 and transmission 40. Monitor and control interface 170 is
coupled to speed controllers 150 and 135 by line 173, disconnect 166 by
line 179 and output 168 by line 178. Monitor and control interface 170 is
coupled to AC generator 160 by line 174 If monitor and control interface
170 determines the output from AC generator 160 is unsafe due to either
frequency or voltage issues, then monitor and control interface 170 triggers
disconnect 166 to decouple output 168 from AC generator 160. Similarly,
If monitor and control interface 170 determines that vehicle system 100,
101 or 102 Is operating beyond its performance range, for example, engine
30 is exceeding a maximum RPM limit, then monitor and control interface
170 decouples AC generator system 105, 106 or 107 by de-energizing
solenoid 116 and concurrently opening disconnect 166.

[0033] Also preferably included is display 172 coupled to monitor
and control interface 170 by line 171. Display 172 can be advantageously
located near an operator, possibly within the control cab of the vehicle, so
that the operator receives feedback regarding power generation by AC
generator 160. Display 172 could also include an operator interface to
permit the operator to control the operation of AC generator system 109,
100 or 107. For example, the operator interface could permit the operator
to actuate solenoid 116 to engage or disengage PTO 60 from transmission
40 (assuming all interlocks are permissive.)

[0034] Turning now specifically to the embodiment illustrated in FIG.
1, speed controller 150 receives an input of the frequency output of AC
generator 160 from frequency sensor 162. Speed controller 150 compares

the frequency measured by frequency sensor 162 to frequency set point
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154. This comparison is used, in conjunction with standard control logic In
speed controller 150, to control the revolution speed of VDPD 120 at output
126 by controlling set point 142 of position controller 140 via line 144. The
control logic Is preferably tuned for a particular system to minimize any
control osculation while adjusting the revolution speed of VDPD 120 at
output 126 as rapidly as possible.

[0035] Turning now specifically to the embodiment illustrated in FIG.
2, AC generator system 106 and vehicle system 101 is depicted. AC
generator system 106 includes several components that either differ from
AC generator system 105 or are not included in AC generator system 105.
Specifically, the coupling of VPDP 120 and Gearbox 110 also include RPM
sensor 122, which detects the revolution speed of output 114 and/or input
121. RPM sensor 122 can be located either at output 114, input 121 or
anywhere in-between. RPM sensor 122 is coupled to speed controller 150
by line 152. Furthermore, speed controller 150 includes set point 151. Set
point 151 Is Initially set at the optimum revolution speed for AC generator
160. Also included in AC generator system 106 IS summing block 156 and
feedback trim controller 158, as discussed below. Feedback trim controller
158 Is additionally coupled to monitor and control interface 170 via line 159.

[0036] Speed controller 150 compares the speed measured by RPM
sensor 122 with set point 151. This comparison is used, in conjunction with
standard control logic in speed controller 150, to control the revolution
speed of VDPD 120 at output 126 by controlling set point 142 of position
controller 140 via line 144. The control logic is preferably tuned for a
particular system to minimize any control osculation while adjusting the
revolution speed of VDPD 120 at output 126 as rapidly as possible.

[0037] Feedback trim controller 158 monitors frequency sensor 162
via line 164. As illustrated in FIG. 2, feedback trim controller 158 works In
conjunction with summing block 156 to adjust speed controller 150 via set
point 151. Feedback trim controller 158 and summing block 156 both

receive frequency set point 154.
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[0038] Summing block 156 and feedback trim controller 158
periodically monitor the frequency of the electrical current generated by AC
generator 160, as detected by frequency sensor 162, and compares the
generated frequency with frequency set point 154. The difference between
the generated frequency and frequency set point 154 is monitored over
time to tune speed controller 150 to better generate the desired frequency.

[0039] In one embodiment, feedback trim controller 158 compares
the generated frequency with frequency set point 154 every so often, for
example, every 100 milliseconds. Variations between the generated
frequency and frequency set point 154 are expressed as a positive or
negative value scaled to the variation. This positive or negative value is
transferred to summing block 156 every so often, in the example, every 100
ms, where a running total is updated with the value. Summing block 156
sums all the transferred values together over a longer period, for example
30 minutes. When the end of the longer period is reached, summing block
156 adjusts set point 151, controlling speed controller 150 as appropriate to
tune the speed that VDPD 120 is turning AC generator 160 to better
produce the desired frequency expressed in frequency set point 154.

[0040] Regarding the differences between the embodiments
llustrated in FIG. 1 and FIG. 2, FIG. 1 could be characterized as one
embodiment of a closed loop control where adjustments are made based
upon the frequency of the generated current to control the speed of AC
generator 160. The embodiments illustrated in FIG. 2 could be
characterized as a feed forward control system with automatic trim. In this
regard speed controller 150 monitors the input RPM to VDPD 120 rather
than the frequency generated by AC generator 160 after speed control by
VDPD 120.

[0041] The control system embodied by FIG. 2 is dependent upon a
known relationship between the speed of input 121, the position of actuator
130 and the resulting speed at output 126. (The speed at output 126 is
directly related to the generated frequency, which is what is actually being

controlled.) This relationship can be established by calibration testing.
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Experimentation to date indicates that, while a near linear relationship
exists, there are some non-linear characteristics in the relationship which
appear to be modelable by a second order polynomial relationship. In this
regard, speed controller 150, utilizing this known relationship, can be
programmed to control the speed at output 126 based on the speed at
iInput 121 as measured by RPM sensor 122. The known relationship
between the input speed and the output seed is programmed directly within
speed controller 150 as i1s known In the art.

[0042] Turning now to the embodiment illustrated in FIG. 3, AC
generator system 107 and vehicle system 102 are depicted. AC generator
system 107 includes several additional features that are not illustrated in
AC generator systems 105 or 100 as follows.

[0043] Specifically, vehicle system 102 includes throttle 10 and
sensor 12. Throttle 10 may be any form known to those skilled in the art.
In most applications, throttle 10 may take the form of a foot pedal located In
the cab of the vehicle. Sensor 12 is associated with throttle 10 and detects
the relative position of throttle 10. In some embodiments sensor 12 may be
In the form of a position sensor directly coupled to throttle 10 or directly
sensing the position of throttle 10. In other embodiments, sensor 12 may
be linked to a mechanical linkage attached to throttle 10 and sensor 12
could be located anywhere along the mechanical linkage. In any event,
sensor 12 produces a control signal representative of the relative position
of throttle 10 as is known In the art.

[0044] In vehicle system 102, engine 30 is controlled by engine
control module (ECM) 20 which communicates with engine 30 by line 24.
The interconnection between engine control module 20 and engine 30 may
vary widely according to the type of engine and the desired control
parameters. In most cases, the engine fuel supply system (not shown) is
controlled by ECM 20 in accordance with an algorithm based on engine
operating parameters such as engine RPM, required torque, ambient
temperatures, absolute pressure and a host of other variables. The result

IS that communication between ECM 20 and engine 30 through line 24 may
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be a two-way connection wherein parameter signals are transmitted to
ECM 20 and control signals are transmitted to engine 30 as is known In the
art.

[0045] Similarly, transmission 40 has a more sophisticated control in
the form of transmission control module 50 interconnected with
transmission 40 through line 52 and connected to engine control module 20
through line 22. Transmission control module 50, ECM 20, engine 30 and
transmission 40 are all coordinated so that appropriate balance of required
power, fuel economy and emissions level is maintained as is known In the
art.

[0046] In order to facilitate this coordination, engine 30 includes
RPM sensor 32 which provides a parameter signal correlated to the actual
speed engine 30 is turning. Similarly, transmission 40 includes RPM
sensor 42 and RPM sensor 44 located at various points through the
transmission to provide additional parameter signals. For example, RPM
sensor 42 is located at the input to transmission 40 while RPM sensor 44 is
located at output shaft 48. Similarly, in the illustrated embodiment, PTO 60
optionally includes RPM sensor 62 on output 64.

[0047] Several additional sensors are included in AC generator
system 107 that were not included in AC generator systems 105 or 106.
Specifically, RPM sensor 62 is optionally included on output 64; RPM
sensor 112 is optionally included on output 114; and RPM sensor 122 is
optionally included on input 121. Also, RPM sensor 124 is optionally
iIncluded within the appropriate mechanical linkage between input 161 and
output 120.

[0048] Frequency sensor 162 signals speed controller 135 via line
164. Speed controller 155 includes frequency set point 154.

[0049] Speed controller 155 controls set point 142 which controls the
position of actuator 130 which controls the transmission ratio of VDPD 120
to control the input speed seen by AC generator 160 at input 161. And
ultimately, controls the frequency of the AC current generated by AC

generator 160. In order to accomplish this, speed controller 1355 receives
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one or more of the following control signals: sensor 12 may be coupled to
speed controller 155 by line 152a; engine control module 20 may be
coupled to speed controller 155 by line 152b; transmission control module
50 may be coupled to speed controller 155 by line 152¢; RPM sensor 32
may be coupled to speed controller 155 by line 152d; RPM sensor 42 may
be coupled to speed controller 155 by line 152¢e; RPM sensor 44 may be
coupled to speed controller 155 by line 152f; RPM sensor 62 may be
coupled to speed controller 155 by line 152g; RPM sensor 112 may be
coupled to speed controller 155 by line 152h; RPM sensor 122 may be
coupled to speed controller 155 by line 152i; and/or RPM sensor 124 may
be coupled to speed controller 155 by line 152).

[0050] Ultilizing one or more of the control signals described above,
Including 152a through 152), speed controller 155, using an appropriate
algorithm, controls the transmission ratio of VDPD 120 by varying set point
142. Each of the described control signals can be correlated to the
frequency generated by AC generator 160 with an appropriate algorithm.
Speed controller 155 is preferably tuned for a particular system to minimize
control oscillation while adjusting the transmission ratio of VDPD 120 as
accurately and rapidly as possible.

[0051] It is also possible for additional types of information or data to
be imported to speed controller 155 from ECM 20 and/or transmission
control module 50. In this regard, it is known In the art for engine control
module 20 and transmission control module 50 to have control programs to
control the operation of engine 30 and transmission 40 such as to
determine when gear shifts occur or to control the fuel air ratio or the
amount of fuel being used at any given time. Thus, It Is possible to import
control signals from ECM 20 or transmission control module 50 to speed
controller 155 that include some fore knowledge of future speeds coming
from vehicle system 102 that might not be predictable based on any other
direct measurement without access to the control program(s) utilized by

ECM 20 or transmission control module 50.
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[0052] It is also envisioned that speed controller 155 could be
directly incorporated into engine control module 20 and/or transmission
control module 50. Discussions with vehicle and transmission
manufacturers has indicated that there is sufficient capacity in engine
control module 20 and/or transmission control module 50 that are currently
IN use In vehicles of interest to perform the functions of speed controller
155 without additional hardware. However, vehicle manufacturers have
been reluctant to share the proprietary operation of engine control module
20 and/or transmission control module 50 and are also reluctant to make
any alterations to engine control module 20 or transmission control module
50. Even though it is unlikely that a vehicle manufacturer would
iImmediately incorporate the functionality of speed controller 155 directly In
existing controller components as vehicle system 102, it is nevertheless
anticipated that at some point in the future, possibly when the systems
disclosed herein are widely adopted, that vehicle manufacturers could
iIncorporate the functions discussed herein into existing components that
already exist on vehicles or use a new controller that controls all of the
functions. In any event, the functionality of speed controller 155 can be
iIncorporated wherever appropriate.

[0053] Specifically regarding the function of speed controller 155.
Speed controller 155 performs similar function to speed controller 150
previously disclosed in AC generator systems 105 and 106. In this regard,
speed controller 155 could operate as a closed loop control system based
on the signal generated by frequency sensor 162. Conversely, speed
controller 155 could operate In a feed forward control mode similar to that
discussed in regards to AC generator system 106 utilizing a signal from any
of the following inputs: sensor 12, ECM 20, RPM sensor 32, transmission
control module 50, RPM sensor 42, RPM sensor 44, RPM sensor 62, RPM
sensor 112, RPM sensor 122, and/or RPM sensor 124. The actual control
input utilized by speed controller 155 will vary dependent upon the
operating parameters of VDPD 120, AC generator 160 and the individual

sensor(s) available as input(s). Speed controller 155 can also incorporate
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the trim functionality previously disclosed in AC generator system 106. The
actual algorithm utilized in speed controller 155 could be developed using
empirical testing of the actual system or could be modeled from known
system parameters.

[0054] In some embodiments, the control systems illustrated in FIGs.
1-3 and embodied In systems 100, 101 and 102, utilize a standardized
computer network protocol and bus standard to control and communicate
with the various components. For example, one embodiment uses the
CAN-bus standard for communication and control of both existing vehicle
components and AC generator accessories.

[0055] PTO 60 is disclosed as being engageable and disengageable
with output 46 from transmission 40. FIG. 4 illustrates one implementation
of this feature. Housing 252 Is secured to transmission housing 254 by
appropriate means (not illustrated). Housing 252 is positioned over a
transmission PTO drive gear 258. Output shaft 200 Is journaled in housing
252 by appropriate bearings 262 and 204 to output shaft 260 on an axis
parallel to the axis of transmission 40. The end of output shaft 260 extends
from housing 252 and connects with universal joint 236. Output shaft 260
has an elongated splined section 266 on which a spur gear 268 is
telescoped. Spur gear 268 has internal splines 270 which cause spur gear
208 to rotate with output shaft 200 but permits it to be axially displaceable
from the solid position shown in FIG. 4.

[0056] The solid position shown in FIG. 4 illustrates where AC
generator system 105, 106 or 107 Is disengaged from the prime mover with
spur gear 268 located in the far right position spaced apart from PTO drive
gear 258. FIG. 4 also illustrates where AC generator system 105, 100 or
107 Is engaged with the prime mover when spur gear 268°, indicated by
partial lines, Is located In the far left position engaged with PTO drive gear
258.

[0057] Spur gear 268 has an integral extension 272 and groove 274
which receives fork 276. Fork 276 Is secured to moveable output shaft 278
of solenoid 116. Output shaft 278 of solenoid 116 Is biased to its solid
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position shown in FIG. 4 by spring 282 acting against a flange 284 on
output shaft 278 and end wall 286 in solenoid 116. Solenoid 116 then
holds spur gear 268 In its disengaged position by virtue of spring 282 and
when electrical power Is applied to solenoid 116 by line 175, output shaft
278 Is displaced to the left as shown in FIG. 4, thus meshing spur gear 268
with transmission PTO drive gear 258 to cause output shaft 260 and
universal joint 236 to rotate. Universal joint 236 is coupled to other
components of AC generator system 105, 106 or 107 as described herein.

[0058] The size and/or number of teeth of meshing spur gear 268
and transmission PTO drive gear 258 can be varied as necessary to set the
transmission ratio of PTO 60. In this regard, a 2:1 transmission ratio could
be achieved in this way without the use of gearbox 110.

[0059] It should be noted that housing 252 of PTO 60 preferably has
an angled outer configuration so as to clear the existing wall of the prime
mover compartment. This Is particularly advantageous for applications
where the PTO is desired to be taken off of a side of the transmission
opposite to the provision made by the original equipment manufacturer.

[0060] While PTO 60 has been depicted and described herein as
utilizing a disengageable meshing spur gear, other means of controlling the
engagement of PTO 60 are known In the art. For example, the use of a
hydraulically powered clutch plate is a system for engaging a PTO known
in the art.

[0061] Turning now to FIG. 5, one embodiment of vehicle system
100, 101 or 102 integrated with AC generator system 105, 106 or 107 is
depicted on vehicle 310. Vehicle 310 has a pair of frame rails 330 and 332,
which are generally parallel to each other and form the structural support
for many vehicles. Within frame rails 330 and 332, engine 30 (not shown)
IS mounted along with transmission 40 (not shown).

[0062] Transmission 40 Is preferably oriented and mounted in such a
way that output shaft 48 is generally parallel to the longitudinal access of
frame rails 330 and 332. It should be noted that engine 30 and

transmission 40 can be oriented in any way and still achieve benefits of the
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present disclosure. Output shaft 48 is not shown Iin FIG. 5 In order to
simplify an understanding of the present disclosure. However, it should be
apparent to those skilled in the art that output shaft 48 will drive a
differential axle at the rear of the vehicle. In other embodiments vehicle
310 may have additional outputs to provide all-wheel-drive by connecting
output shaft 48 to a similar differential or drive arrangement at the front of
the vehicle. As illustrated in FIG. 5, transmission 40 I1s an automatic
transmission manufactured by Allison Division of General Motors. However
it should be apparent that other transmission brands may be used with
equivalent advantages. Transmission 40 has a standard mounting plate for
mounting a power take off unit that is equivalent for all commercially
avallable transmissions. Transmission 40 also includes power take off
drive gear 258 as described above.

[0063] As shown, particularly in FIG. 5, PTO 60 has universal joint
236 coupled to output shaft 260 (as specifically illustrated in FIG. 4).
Universal joint 236 Is connected to torque tube 338 extending aft from the
vehicle compartment that substantially houses the prime mover consisting
of engine 30 and transmission 40. Torque tube 338 extends to universal
joint 342 forming the input to variable diameter pulley drive 120 that
connects to AC generator 160.

[0064] WWhile torque tube 338 is utilized In the illustrated embodiment
to couple PTO 60 to VDPD 120, other linkages would be appropriate in
various circumstances. For example, in order to optimally locate required
components, PTO 60 could be coupled to VDPD 120 by a belt and pulley
drive system, a gearbox, or any other mechanical linkage known in the art.

[0065] Variable diameter pulley drive 120 comprises housing 350
having shaft 352 coupled to universal joint 342. Shaft 352 Is contained by
thrust bearing 354 and bearing 356 and includes V-pulley members 358a
and 358b. V-pulley member 358a is movable along shaft 352 while V-
pulley member 358b is substantially fixed on shaft 352. Spring 360
provides a lateral force on V-pulley member 358a which compresses V-belt
362 between V-pulley members 358a and 358b. V-belt 362 also passes
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between V-pulley members 3064a and 364b. V-pulley members 364a and
364b are located on shaft 366 with V-pulley member 364a being
substantially fixed on shaft 366 and V-pulley member 364b being movable
over shaft 366. Shaft 366 is mounted on input 161 to AC generator 160, In
part, by set screw 370. Thrust bearing 368 couples V-pulley member 364b
to shaft 309, shaft 369 is coupled to linear actuator 130.

[0066] Linear actuator 130 comprises pneumatic actuator 372 having
movable shaft 374 and air input 378. Linear actuator 130 is coupled to
housing 350 by mounting bracket 380 and shaft 374 is coupled to shaft 369
by coupling 376. Coupling 376 is illustrated as a threaded coupling,
however, any coupling known in the art could be utilized.

[0067] The system illustrated in FIG. 5 operates as follows:
pneumatic actuator 372 sets the position of shaft 374, which is linked
directly to V-pulley member 364b by thrust bearing 368, shaft 369 and
coupling 376. The gap between V-pulley members 364a and 364b dictate
the position of V-belt 362. The position of V-belt 362 set by the position of
V-pulley member 364a and 3064b subsequently dictates the gap between V-
pulley members 358a and 358b. The compression force generated by
spring 360 maintains the position of V-pulley member 358a in view of the
position of V-belt 362.

[0068] As illustrated, the position of V-pulley members 358a and
358b and 364a and 364b dictate the transmission ratio through VDPD 120.

[0069] Pneumatic actuator 372 is the preferred actuator due to the
wide availability of compressed air on many commercial trucks. However,
It should be understand that, as previously stated, any actuator capable of
producing the required adjustments to VDPD 120 could be used. For
example, in commercial vehicles that contain hydraulic systems, for
example, a dump truck or a trash truck, a hydraulic actuator may be
appropriate. Another potential actuator that could be used is an electro-
mechanical actuator comprising a motor and a ball screw. As AC
generator systems 105, 106 and 107 described herein generate sufficient

electrical current to operate such a motor, this could be a viable alternative.
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However, one limitation of such a system Is having electrical battery
capacity sufficient to operate linear actuator 130 when AC generator
system 1095, 106 or 107 are not generating an appropriate electrical current
to operate the motor of the electric-mechanical linear actuator, for example,
on start-up. Such battery capacity could be in the form of a high-voltage
pbattery pack as is know In the art.

[0070] Specifically regarding pneumatic actuator 372, the preferred
embodiment of the pneumatic actuator is optimized to perform in the
described system. In particular, commercially available pneumatic
actuators typically contain a diaphragm which generates force in one
direction. In the illustrated embodiment, the force would be directed
towards the left or towards AC generator 160. Movement in the opposite
direction requires a spring to provide a return force in the opposite
direction. This spring is normally incorporated directly within the pneumatic
actuator. Thus, for the pneumatic actuator to operate, sufficient force must
be exerted on the diaphragm to overcome the internal spring in order to
move the device. However, in the embodiment illustrated in FIG. 5, spring
300 provides an equivalent counter acting return force. In particular, the
force generated by spring 360 moves V-pulley member 358a as close as
possible to V-pulley member 358b. This, in turn, exerts an equivalent force
on V-pulley members 364a and 304b by forcing V-pulley member 364b to
the right. Thus, spring 360 provides a force that can move pneumatic
actuator 372 to the right, in the opposite direction of the pneumatic force
generated by pneumatic actuator 372. Thus, pneumatic actuator 372 is
preferably optimized by removing the internal spring actuation. This, In
turn, reduces the amount of pneumatic force required to move and adjust
VDPD 120 because the internal spring does not have to be overcome. ltis
believed this optimization will also increase the responsiveness of VDPD
120.

[0071] Turning now to FIGs. 6 and 7, FIGs. 6 and 7 illustrate the
apparatus depicted in FIG. 5 In two extreme positions. FIG. 6 illustrates V-

pulley members 364a and 364b located as close together as possible
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resulting in VDPD 120 reducing the speed at input 121 to the greatest
extent possible to AC generator 160. Conversely, FIG. 7 illustrates the
opposite extreme where V-pulley members 364b and 364a are as far apart
as possible while still retaining V-belt 362 resulting in VDPD 120 increasing
the speed at input 121 to the greatest extent possible to AC generator 160.
FIG. 6 and 7 include arrows 390 and 392. Arrow 390 indicates the
direction of force generated by the diaphragm within pneumatic actuator
372 and arrow 392 represents the direction of force generated by spring
360.

[0072] Regarding variable diameter pulley drive 120, it should be
understood that while it is believed that VDPD 120 is well suited to the
disclosed application, any variable or continuously variable transmission in
which the ratio of the rotation speeds of the input shaft and the output shaft
can be varied continuously within a given range providing substantially
Infinite number of possible transmission ratios could be used. For example,
the following different types of continuously variable transmissions could be
utilized: infinitely variable transmission; ratcheting continuously variable
transmission; roller-based continuously variable transmission; hydrostatic
continuously variable transmission; hydristor infinitely variable transmission
or a Simkins’ ratcheting CVT.

[0073] It is noted that AC electrical generation systems 105, 106,
and 107 disclosed herein have been primarily directed towards auxiliary
power generation while vehicle systems 101, 102 or 103 typically have
separate and self contained, likely DC, electrical generation system.
However, it Is also envisioned that the disclosed AC electrical generation
systems could be utilized as the primary electrical generation system for a
vehicle. In this regard, the high voltage AC electric current generated by
the disclosed system has many advantages over the traditional low voltage
DC systems utilized in vehicles. In particular, components are normally
smaller and likely less expensive when using high voltage AC as opposed
to low voltage DC. In addition, wiring can be a smaller gauge when using

high voltage AC current as opposed to low voltage DC current. Additional
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savings could also be realized by eliminating duplicative electrical
generation systems and having only a single electrical generation system.

[0074] It should also be noted that while many of the uses discussed
herein for the AC electrical power generated by systems 105, 106 or 107
have been for auxiliary components to the vehicle. It is also envisioned
that high power AC electrical current generated by the disclosed system
could be utilized as a supplemental power source to the prime mover such
as In a hybrid vehicle. The above-discussed advantages of high-powered
AC electrical current as opposed to lower power DC electrical current
would also apply to a hybrid electrical vehicle. The disclosed systems 105,
106 and 107 could be utilized to power an AC electrical motor operating as
an alternative or supplemental prime mover power source.

[0075] Turning now to FIG. 8, system 400 is depicted wherein an AC
electrical generating system coupled to a variable speed energy source,
such as a windmill or water wheel. System 400 includes energy-
harnessing assembly 430, transmission 440, continuously variable
transmission (CVT1) 420, AC generator 460, controller 450, disconnect 466
and output 468.

[0076] Energy-harnessing assembly 430 may be any apparatus
adapted to harness an energy source and covert the energy Into
mechanical energy in the form of a spinning shaft. Specific non-limiting
examples of energy-harnessing assembly 430 include a windmill assembly
or a water wheel assembly. A windmill assembly could include a revolving
shaft coupled to one or more blades adapted to convert wind energy into
mechanical energy Iin the form of a spinning shaft, as is known in the art. A
water wheel assembly could include a shaft-mounted water wheel where
the water wheel passes through running water, the water wheel assembly
adapted to convert the energy in the moving water into mechanical energy
In the form of a spinning shaft, or as presently illustrated, output 431. In
any event, the specific details of energy-harnessing assembly 430 are

omitted for clarity, as these assemblies are well known In the art.
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[0077] Transmission 440 may perform several functions. Often,
output 431 revolves at a relatively low speed, while AC generator 460
generally requires a relatively high revolution speed for proper operation.
Thus, transmission 440 may require a relatively high gear ratio to
substantially accelerate the revolution speed coming from energy-
harnessing assembly 430 to meet the requirements of AC generator 460.

[0078] Transmission 440 may include multiple incremental gear
ratios. For example, in the case of a windmill, the output speed could
potentially vary between a few revolutions per minute to hundreds (or
more) revolutions per minute, depending on the configuration of the
windmill and the prevalent wind speeds. Conversely, continuously variable
transmission typically operates over a finite range of input speeds. Thus, it
may be necessary for transmission 440 to have multiple gear ratios
iIncluded to maintain output 441 in a range acceptable for CVT 420.

[0079] Continuously variable transmission 420 may be any CVT
discussed above, including a variable diameter pulley drive (Reeve's drive);
a ratcheting continuously variable transmission; a roller-based continuously
variable transmission; a hydrostatic continuously variable transmission; a
hydristor infinitely variable transmission or a Simkins’ ratcheting
continuously variable transmission. CVT 420 preferably permits the ratio of
the rotation speeds of the input shaft and the output shaft to be varied
continuously within a given range while providing a substantially infinite
number of possible transmission ratios.

[0080] AC generator 460 is preferably a readily available highly
commercially developed and relatively inexpensive AC generator, although
a custom build AC generator could certainly be utilized as disclosed herein.
The particular size, in kW, of AC generator 460 will be dictated by the
demand load at output 468 and the available power from energy
harnessing assembly 430.

[0081] Controller 450 is operable to control the transmission ratio of
CVT 420 using whatever control means are appropriate. For example, if

CVT 420 is a variable diameter pulley drive, then a linear actuator could
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controlled by controller 450 to adjust the transmission ratio of CVT 420 as
necessary. Controller 450 monitors the operation of various components of
system 400 including one or more of the following: sensor 410 which is
operable to detect the energy source harnessed by energy harnessing
assembly 430; sensor 432 that detects the RPM between energy-
harnessing assembly 430 and transmission 440; RPM sensor 422 that
detects the RPM between transmission 440 and CVT 420; RPM sensor
424 operable to detect the RPM between CVT 420 and AC generator 460;
and frequency sensor 462 operable to detect the frequency of the AC
electrical current generated by AC generator 460.

[0082] Controller 450 also receives frequency set point 454.
Frequency set point 454 is normally set at either at 50 Hz for European
standard electronic equipment or 60 Hz for US standard electronic
equipment. However, frequency set point 454 could be any desired
frequency for a particular application. It should be noted that frequency set
point 454 could be in the form of a registry control with two options. One
being 50 Hz and the other being 60 Hz to conform with U.S. and European
standards. Alternatively, frequency set point 454 could be preprogrammed
at either 50 or 60 Hz. Finally, frequency set point 454 could be adjustable
over a range, for example through a speed pot or other form of variable
Input.

[0083] Controller 450 controls the operation of CVT 420 and possibly
transmission 440, if required, to maintain output 421 at a constant speed
such that AC generator 460 produces AC current at a frequency
substantially equal to frequency set point 454. Controller 450 could utilize
a closed loop control scheme similar to that discussed in regard to AC
generator system 1095, or controller 450 could utilize a feed-forward control
scheme similar to that discussed In regard to AC generator system 106 or
107. Each of the various inputs potentially available to controller 450 could
be modeled with an appropriate algorithm developed through modeling or

empirical testing.
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[0084] The electrical current generated by AC generator 460 is coupled to
output 468 through disconnect 466. Output 468 can take any form known in the art

iIncluding electrical outlets, direct connection with other equipment or even a
connection to an electrical power grid. (Additional equipment, as known in the art, Is
required to connect to an electrical power grid.) Disconnect 466 is provided as a

safety feature, but is not required.

[0085] While the disclosure has been illustrated and described In detail in the
drawings and foregoing description, the same is to be considered as illustrative and
not restrictive in character, it being understood that only the preferred embodiments
have been shown and described and that all changes and modifications that come

within the scope of the invention are desired to be protecteaq.
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CLAIMS:
1. An AC electrical generator system mounted on a vehicle, the vehicle

having a prime mover controlled by a control system and a mechanical output
operable to transfer rotational energy from the prime mover, wherein the rotational
energy is transferred with a rotational speed in a finite range, the AC electrical

generator system comprising:

an AC electrical generator operable to produce AC electrical energy at

a target frequency when rotated a target speed;

a frequency sensor operable to determine the frequency of the AC
electricity generated by said AC electrical generator a continuously variable
transmission, coupling the mechanical output to said AC electrical generator; said

continuously variable transmission having a finite variable transmission ratio; and

a controller coupled to said continuously variable transmission operabie
to control said finite variable transmission ratio based at least in part on the
determined frequency of the AC electricity generated by said AC electrical generator

such that the rotational energy from the mechanical output rotates said AC electrical

generator substantially at the target speed to generate AC electricity at the target

frequency.

2. The AC electrical generator system of claim 1, wherein said

continuously variable transmission is selected from the group consisting of:

a variable diameter pulley drive, an infinitely variable transmission, a
ratcheting continuously variable transmission, a roller-based continuously variable

transmission, a hydrostatic continuously variable transmission, a hydristor infinitely

variable transmission and a ratcheting CVT.

3. The AC electrical generator system of claim 1, wherein said

continuously variable transmission is a variable diameter pulley drive.
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4. The AC electrical generator system of any one of claims 1 to 3, wherein

the target frequency is 50 Hz to 68 Hz.

5. The AC electrical generator system of any one of claims 1 to 3, wherein

the target frequency is 44 Hz to 56 Hz.

6. The AC electrical generator system of any one of claims 1 to 5, further
comprising a gearbox with a fixed transmission ratio located between the mechanical
output and said AC electrical generator and in series with said continuously variable

transmission.

/. An AC electrical generator system mounted on a vehicle, the vehicle
having a prime mover controlled by a control system and a mechanical output
operable to transfer rotational energy from the prime mover, wherein the rotationat
energy is transferred with a rotational speed in a finite range, the AC electrical

generator system comprising:

an AC electrical generator operable to produce AC electrical energy at

a target frequency when rotated a target speeq;

a continuously variable transmission, coupling the mechanical output to
said AC electrical generator; said continuously variable transmission having a finite

variable transmission ratio;

a controller coupled to said continuously variable transmission operable
to control said finite variable transmission ratio such that the rotational energy from

the mechanical output rotates said AC electrical generator substantially at the target

speed; and

an RPM sensor operable to determine a rotational speed before said
continuously variable transmission, wherein said controller is operable to control said
finite variable transmission ratio based at least in part on the determined rotational

speed before said continuously variable transmission.
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8. The AC electrical generator system of claim 7, wherein said
continuously variable transmission is a variable diameter pulley drive and wherein the
AC electrical generator system further comprises a pneumatic actuator that adjusts
the position of a V-pulley member of said variable diameter pulley drive, wherein said

pneumatic actuator does not include internal spring actuation.

9. An AC electrical generator system mounted on a vehicle, the vehicle
having a prime mover controlled by a control system and a mechanical output
operable to transfer rotational energy from the prime mover, wherein the rotational
energy Is transferred with a rotational speed in a finite range, the AC electrical

generator system comprising:

an AC electrical generator operable to produce AC electrical energy at

a target frequency when rotated a target speed;

a variable diameter pulley drive, coupling the mechanical output to said
AC electrical generator; said variable diameter pulley drive having a finite variable

transmission ratio: and

a controller coupled to said continuously variable transmission operable
to control said finite variable transmission ratio such that the rotational energy from
the mechanical output rotates said AC electrical generator substantially at the target

speed a pneumatic actuator that adjusts the position of a V-pulley member of said
variable diameter pulley drive, wherein said pneumatic actuator does not include

internal spring actuation.

10. A method of generating AC electricity on a moving vehicle, the vehicie
having a prime mover controlled by a control system and a mechanical output
operable to transfer rotational energy from the prime mover, the method comprising

the steps of:



10

15

20

CA 02692749 2014-10-02

61211-2339

32

a) providing an AC electrical generator operable to produce AC
electrical energy at a target frequency when rotated a target speed, wherein the AC
electrical generator is mounted on the vehicle and coupled to the mechanical output

to the AC electrical generator through a continuously variable transmission having a

finite variable transmission ratio:

D) providing a controller operable control the finite variable transmission

ratio;

c) determining the frequency of the electricity generated by the AC

electrical generator;

d) providing control logic that correlates the finite variable transmission

ratio to the determined frequency and the target frequency;

e) in the controller, determining the finite variable transmission ratio so

that the AC electrical generator produces AC electricity at the target frequency;

f) adjusting the transmission ratio of the continuously variable
transmission so the AC electrical generator produces AC electricity at the target

frequency.

11. The method of claim 10, further comprising the step of:

g) selecting the continuously variable transmission from the group
consisting of: a variable diameter pulley drive, an infinitely variable transmission, a
ratcheting continuously variable transmission, a roller-based continuously variable
transmission, a hydostatic continuously variable transmission, a hydristor infinitely

variable transmission and a ratcheting CVT.



10

15

20

CA 02692749 2014-10-02

61211-2339

33

12. The method of claim 10, further comprising the step of:

h) providing a variable diameter pulley drive as the continuously

variable transmission.

13. The method of any one of claims 10 to 12, further comprising the step

of:

k) providing a gearbox with a fixed transmission ratio located between
the mechanical output and the AC electrical generator and in series with the

continuously variable transmission.

14 A method of generating AC electricity on a moving vehicle, the vehicle
having a prime mover controlled by a control system and a mechanical output

operable to transfer rotational energy from the prime mover, the method comprising:

a) providing an AC electrical generator operable to produce AC
electrical energy at a target frequency when rotated a target speed, wherein the AC
electrical generator is mounted on the vehicle and coupled to the mechanical output
to the AC electrical generator through a variable diameter pulley drive having a finite

variable transmission ratio;

b) providing a controller operable control the finite variable transmission

ratio:

c) determining the frequency of the electricity generated by the AC

electrical generator;

d) providing control logic that correlates the finite variable transmission

ratio to the determined frequency and the target frequency;

e) in the controller, determining the finite variable transmission ratio so

that the AC electrical generator produces AC electricity at the target frequency;
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f) adjusting the transmission ratio of the variable diameter pulley drive

so the AC electrical generator produces AC electricity at the target frequency;

g) providing a pneumatic actuator that adjusts the position of a V-pulley
member of the variable diameter pulley drive, wherein the pneumatic actuator does

not include internal spring actuation.
15. A kit comprising:

an AC electrical generator operable to produce AC electrical energy at

a target frequency when rotated a target speed;

a frequency sensor operable to determine the frequency of the AC

electricity generated by said AC electrical generator;

a continuously variable transmission operable to couple an
independently controlled, rotating variable speed mechanical output to said AC
electrical generator; said continuously variable transmission having a finite variable

transmission ratio; and

a controller operable to control said finite variable transmission ratio
based at least in part on the determined frequency of the AC electricity generated by
said AC electrical generator such that the variable speed rotating mechanical output

rotates said AC electrical generator substantially at the target speed when coupled

together.

16. The kit of claim 15, wherein said continuously variable transmission Is
selected from the group consisting of: a variable diameter pulley drive, an infinitely
variable transmission, a ratcheting continuously variable transmission, a roller-based

continuously variable transmission, a hydrostatic continuously variable transmission,

a hydristor infinitely variable transmission and a ratcheting CVT.
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17. The kit of claim 15, wherein said continuously variable transmission is a

variable diameter pulley drive.
18. A kit comprising:

an AC electrical generator operable to produce AC electrical energy at

a target frequency when rotated a target speed,;

a continuously variable transmission operable to couple an
independently controlled, rotating variable speed mechanical output to said AC
electrical generator; said continuously variable transmission having a finite variable

transmission ratio;

a controller operable to control said finite variable transmission ratio
such that the variable speed rotating mechanical output rotates said AC electrical

generator substantially at the target speed when coupled together; and

an RPM sensor operable to determine a rotational speed before said
continuously variable transmission, wherein said controller is operable to control said
finite variable transmission ratio based at least in part on the determined rotational

speed before said continuously variable transmission.
19. A kit comprising:

an AC electrical generator operable to produce AC electrical energy at

a target frequency when rotated a target speed,;

a variable diameter pulley drive operable to couple an independently
controlled, rotating variable speed mechanical output to said AC electrical generator;

said variable diameter pulley drive having a finite variable transmission ratio; and
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a controller operable to control said finite variable transmission ratio
such that the variable speed rotating mechanical output rotates said AC electrical

generator substantially at the target speed when coupled together; and

a pneumatic actuator operable to adjust the position of a V-pulley
5 member of said variable diameter pulley drive, wherein said pneumatic actuator does

not include internal spring actuation.

20. The AC electrical generator system of claim 19, further comprising an
RPM sensor operabie to determine a rotational speed before said variable diameter
pulley drive, wherein said controller is operable to control said finite variable

10 transmission ratio based at least in part on the determined rotational speed before

said variable diameter pulley drive.



CA 02692749 2010-01-05

PCT/US2008/069669

WO 2009/009674

117

00}

LNdLNO [-====mmmmmmmmmmm oo 4_
i “ INIOd 13S “
_
- % -------.JJ 4 m AONINOFEA 74|
_ _
m ' LOANNODSIQ |-~ T m
9¢ | “ i 6/1- | |
B e e % N W= L
L 97 d33c 1
“ NOILISOd .
| | 3Ll
dOSNIS % Vil AIT11Nd dOSNdS mtm m mr\n
NOILISOd H3LINYI AONINOIHH | | |
05| - P
41 " “ L
XOE B I e
0} E i T L
g Lh T 30v4yg3INI
G0l 09~ [ora " [GIONTIOS}- - 108INOS ONv -] AVIasIC
HOLINOW
S3IIHOSSIOOV
Sl B HOLVHIANIO
N - __ O~
-
NOISSIWSNVHL | INIONT ONILSIXS

v

[ S1 s

07

4%

0%



CA 02692749 2010-01-05

PCT/US2008/069669

WO 2009/009674

217

dOSN3S
NOILLISOd
44!

INIOd 13S
AON3JND3I4HA

mm_._.__\ﬁ,_u_wwzow* -
swovaaaa4 | ONIWANS

"~~~ T T TTTTT T T TTTTTTTTTT T T T T T T T T T T T T T T T T T T T T T T T T T T T T .“
m
|
_ _
L
92 L
E 7! A3TINd HOLVHINAD [ __| HOSN3S -
H31IAVIA oV AON3IND3IYA b
o 9, LI 379VIHVA _ o
— _ S |
_ E 0T TR Y TR« TR S i
H3ITIOHLNOD --V- HOSN3S R R i
d33ds NdY 77| / I
_ s by Al
_ _ 91| _L_] 3IOV4H3LNI
“ m 011 HIVEIS ._ow””__m_u_ﬁ_u,mu _\o,_z< AV1dSIa
: _ 79
“ oLdf—{aonTiost- | TA T samossaoov
961 “ 09 L 1 HOLlVH3AN3IO
S S At/ S S SO )\ AN
m 8 " 1 SININOJWOD
“ _ 1 JI0IH3A
“ NOISSINSNVHL | INIONT (- | ONLSIX3
_ _
11 _
“ 7 VRGN T

101

89}




CA 02692749 2010-01-05

PCT/US2008/069669

WO 2009/009674

37

INIOd 13S 76l O8I~ ]
ADONINO3HA R .
T |
" uamouiNoo|_ [INI0d] [HamiosiNoD [T L :
96| —_ NOILISOd 13S 4/ dd3dS _ |m L .
_ s g s 44 S T e A
NOllISoy —lHoLvniov] | BRI 1 azsh i L 7o
|||||| _ _
X | st B HOSNIS “
/ NG | T AON3NDIHL |3 _
adlanvId ) o Gl o1l _ 91 7L 8Ll "
07|—1.318VIHVA m m i - | Ve \ m
Juosnas[ | HOSNIS | L L ¢ / HOLVHANID | " “
@l | el [ | _ Gl 1o
- — ' | | _
it e e S
I~ - N 30vAHaINI | [ L L .
Nad 6761 09— Old | T5ANNGDSIa - TOHLNOD ONv 7 1AY1dSIA
0li~_| xos -————1 HOSN3S N \ m /| _ 1 1 83IHOSS3DOV
—— _ RN | | HOLVH3N3
VIO T gy g A MM | e UNNORT L o
o ._ | B
i B DU v T
o oo - R A —pEg) N :L ~ ONILSIX3
_ _
an_w,_wmzmm_w NOISSIWSNVHL mn_w,_mmzmmwimw,_mzmm_w INIONS m m
\ nl/Nm IR “ A |\4_ \ r——- “
Q¥ \ 07 ARV 4 “ g YT 0E .
" E oL el N 7Y N L /
05~ | NOISSINSNVHL [ ———=  gz—| INION3 |--{HOSN3S [I1LLOHHL

(01




AL |

8G(
o7 97 e Ut 89¢
?///r/// TmHR*Iinm “— //////f
?””’/

2 “ LT 7///4

7 ﬂ!\\

PCT/US2008/069669

417

98¢
L
.‘ ) I/ G A
i r/////”.. Vs IIulul\Im L
w%y/// ///./////
//////4’// ”//u/ \ \&\Wlll\l&\w 7 I

.............\

8LC gq7 187

WO 2009/009674

1y



CA 02692749 2010-01-05

PCT/US2008/069669

WO 2009/009674

S5/7

99§ 0[S
05| IE eac gog / 19
/,T, n_u/%/ S8 e |
= _ =1 09} 3
L = -
NNm)u\ 7L 89¢ 4¥9¢ | A —~_V&¢
955
yoe—
A% 16—
798
~
4gGs / Ve |71
i DRSS 3
0GS 09¢
01%

0%¢

92(

09



CA 02692749 2010-01-05

WO 2009/009674 PCT/US2008/069669
o/7




CA 02692749 2010-01-05

PCT/US2008/069669

WO 2009/009674

{17

ATdINISSY
ONISSINYHVH

ADHINS

0%v

3 AN

dOSNdS
Wad

N AN
dOSN4S
NOISSINSNVHL E

0vy 1144

d3T1I0H1INOD

INIOd 13S
AON3INO34H4

0l A%

897
9y
(97
44
NOISSINSNVHL
J19VIHVA %
ATSNONNILNOD
A

1Nd1N0O
1034ANNOOSICA

"dOSN4S

AON3IND3IYHA

dO1lvddNd
OV

097

007



THROTTLE | SENSOR |---- ENGINE -0 - TRANSMISSION | 50
16 I;i ' r{ MODULE 1 r—1__ MODULE 44
IE I M Pwa R
. ' RPM |4 J /| RPM RPM
11 [ENGINE | 5eNSOR [ SENSOR TRANSMISSION | o) N
EXISTING | | | 1524 {50t —————- R j 48
VEHICLE | | | {76~~~ A u—— J b 11
COMPONENTS | | | e N
A/C T | 168 BER 62 64
GENERATOR | | i F““Cﬁf: output] 186 14 1 1| _ ReM Z GEAR |
“|AND CONTROL (-7{DISCONNECT| | | I I | 0V
DI/SPLAY P; 1/ LINTERFAGE | (179 | i Ji i | SENSOR| 112
| I T B 4t L 115%h — 114
172 im0 1 Gis ) T YRR e =11
170 | N 116} |
] L] AC S 4 RPM 1 - _RPM | ~127
. T GENERATOR[ 7 =77 | SENSOR 1 | | SENSOR
| e a2 R 120
o I174 160—/ | 161 ERRT A 1 1« | | VARIABLE
i i 173\= | o i :152]./1124 E . D&JI{EEEH 0 139
I | L | |
. . e~ | FREQUENGY | 4 L1 e |11 | DRIVE /
7 L l S W R R e ' POSITION
v/ | ' L— I N |
| ?Zb e PR ETIATORIT] SENSOR
T . I L — \A | K‘I:’)B
T 11 L] SPEED _|\| SET | | POSITION |__.
T L CONTROLLER| |POINT[ ™| CONTROLLER[ ", ;o
e T T 155
R —— | 142 FREQUENGY
L _ll—\‘|520 154f SET POINT




	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - claims
	Page 36 - claims
	Page 37 - claims
	Page 38 - claims
	Page 39 - claims
	Page 40 - claims
	Page 41 - claims
	Page 42 - claims
	Page 43 - drawings
	Page 44 - drawings
	Page 45 - drawings
	Page 46 - drawings
	Page 47 - drawings
	Page 48 - drawings
	Page 49 - drawings
	Page 50 - abstract drawing

