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(57) Abstract: Embodiments are directed to compon-
ents, subassemblies, systems, and/or methods for auxili-
ary power units (APU). In one embodiment, the APU
(130) includes a source of rotational power such as a
combustion engine operably coupled to a continuously
variable transmission (143) (CVT). The CVT can be
coupled to a load. In some embodiments, the load is
provided by a generator (144). In one embodiment, the
APU has a control system (150) configured to control
the operation of the engine (140) and the operation of
the CVT (143). The control system can facilitate sub-
stantially constant speed operation of the generator in
the presence of variable operation of the engine. In an-
other embodiment, the APU includes a continuously
variable accessory drive (CVAD) operably coupled to an
engine. The CVAD can include a continuously variable
transmission operably coupled to a generator. In one em-
bodiment, a skew-based control system is adapted to fa-
cilitate a change in the ratio of a CVAD.
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AUXILIARY POWER UNIT HAVING A CONTINUOUSLY VARIABLE
TRANSMISSION

RELATED APPLICATION
[0001] This application claims the benefit of U.S. Provisional Application No.
61/471,585, filed on April 4, 2011, which is hereby incorporated by reference in its entirety.

BACKGROUND

Field of the Invention

[0002] This disclosure relates generally to mechanical and/or electro-mechanical power
modulation devices and methods, and more particularly to continuously and/or infinitely
variable, planetary power modulating devices and methods for providing auxiliary air

conditioning, heating, and power to a vehicle.

Description of the Related Art

[0003] Auxiliary power units are often used in cross-country trucks that are equipped
with a sleeper compartment located behind a truck cab so that the driver has a convenient place
to sleep while in route. An Auxiliary Power Unit (APU) allows the driver to use its truck
amenities like heat, air conditioning, microwave, television, etc. without running the engine,
which reduces emissions. See, for example, U.S. Patent No. 5,333,678 to Mellum. APUs are
also used extensively in refrigerated trailers for maintaining cargo temperatures during transport
and delivery.

[0004] APUs have become significantly more important in the heavy duty trucking
industry because the Environmental Protection Agency (EPA) and the California Air Resource
Board (CARB) have been developing and passing regulations that impact idling in an attempt to
reduce emissions and pollution. The passage of these different regulations has impacted the
trucking industry. In particular, it has affected the heavy duty (Class 8) sleeper tractor drivers
who typically idle their vehicle for many hours each day. It is estimated that drivers are on the
road five days per week. The federal law states that drivers are only allowed to be on the road a
maximum of 14 hours a day with 10 hours down time required. Therefore, the sleeper cab
industry has a large potential for APUs to reduce idling during the required downtime. Over
half of the states in the U.S. have anti-idling regulations in place, and this number is projected to
increase as more states adopt CARB regulations. Beyond the numerous federal and state

regulations against idling, the industry is also facing idling regulations at the local and municipal
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levels as well. While their regulations vary by location, they all prohibit trucks from idling over
three to five minutes. Some industry experts believe that the environmental agencies are gaining
momentum in their initiative to put more pressure on the Federal government as well as on states
to make the idling regulations even more stringent in the coming years. If the environmental
agencies succeed, some form of anti-idling technology (not just APUs) will become a necessity
for truck drivers expanding beyond Class 8§ sleeper tractors.

[0005] The rise and fall of diesel fuel prices continues to play a role in the adoption
of idle reduction technology as users (particularly fleets) seek to lower their fuel consumption
especially when diesel prices are high. When diesel fuel prices reached an all time high in 2008,
demand for idle reduction technology increased because of the roughly 8% fuel savings they
offer. In the long run, most industry experts expect diesel fuel prices to rise, which will again
spark interest in APUs as they help to reduce fuel consumption as well as reducing wear and tear
on the engine.

[0006] In most commercially available APU systems, a single power source drives
multiple devices. The power source typically has a narrow operating speed range at which the
performance of the power source is optimum. It is preferred to operate the power source within
its performance optimizing operating speed range. A driven device typically also has a narrow
operating speed range at which the performance of the driven device is optimum. It is also
preferred to operate the driven device within its performance optimizing operating speed range.
A coupling is usually employed to transfer power from the power source to the driven device.
Where a direct, non-modulating coupling couples the power source to the driven device, the
driven device operates at a speed proportional to that of the power source. However, it is often
the case that the optimum operating speed of the driven device is not directly proportional to the
optimum operating speed of the power source. Therefore, it is preferred to incorporate into the
system a coupling adapted to modulate between the speed of the power source and the speed of
the driven device.

[0007] Couplings between the power source and the driven devices can be selected such
that the input speed from the power source is reduced or increased at the output of a given
coupling. = However, in frequently implemented systems, typical known power train
configurations and/or coupling arrangements allow at best for a constant ratio between the input
speed from the power source and the speed of power transfer to the driven device. The result of
such system configuration is that often any given accessory does not operate within its
maximum efficiency speed range. Consequently, inefficiencies arise from wasted energy during

operation and over sizing of the accessories to handle the speed and/or torque ranges.
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[0008] Thus, there exists a continuing need for devices and methods to modulate power
transfer between a prime mover and driven devices. In some APU systems, it would be
beneficial to regulate the speed and/or torque transfer from an internal combustion engine to one
or more driven devices that operate at varying efficiency optimizing speeds.  The inventive
embodiments of power modulating devices and/or drivetrains described below address one or

more of these needs.

SUMMARY OF THE INVENTION

[0009] The systems and methods herein described have several features, no single
one of which is solely responsible for its desirable attributes. Without limiting the scope as
expressed by the claims that follow, its more prominent features will now be discussed briefly.
After considering this discussion, and particularly after reading the section entitled “Detailed
Description of Certain Embodiments” one will understand how the features of the system and
methods provide several advantages over traditional systems and methods.

[0010] One aspect of the disclosure relates to a method of controlling an auxiliary
power unit having an engine, a generator, and a continuously variable transmission (CVT)
coupled to the engine and the generator. In one embodiment, the method includes sensing a
change in a load on the generator. The method also includes adjusting the engine to correspond
to said change in load and adjusting the speed ratio of the CVT substantially simultaneously
with the adjustment of the engine.

[0011] Another aspect of the disclosure concerns an auxiliary power unit (APU) with
a combustion engine having an engine control system adapted to operate the engine at a
requested condition. The APU can have a continuously variable transmission (CVT). The CVT
has a set of tiltable balls. The CVT is operably coupled to the engine. The CVT has a CVT
control system in communication with the engine control system. In one embodiment, the APU
has a generator operably coupled to the CVT. The generator is configured to operate at
substantially a constant speed. In one embodiment, the CVT control system is adapted to sense
a change in speed of the generator and adjust the CVT based at least in part on said change in
speed.

[0012] Yet another aspect of the disclosure concerns a method of controlling an
auxiliary power unit (APU) that has an engine, a generator, and a continuously variable
transmission (CVT) coupled to the engine and the generator. In one embodiment, the method
includes determining a change in load based at least in part on a signal from an accessory. The
method can also include adjusting the engine to correspond to said change in load and adjusting

the speed ratio of the CVT substantially simultaneously with the adjustment of the engine.
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[0013] Another aspect of the disclosure concerns a control system for an auxiliary
power unit (APU) that has an engine, a generator, and a ball-type continuously variable
transmission. In one embodiment, the control system includes Cabin Control Unit (CCU)
adapted as a user interface to the APU. The control system has an engine control module
(ECM) configured to facilitate communication with the CCU and a transmission control unit
(NCU). In one embodiment, the ECM can control all HVAC loads, engine pump, sensors, etc.
In some embodiments, the transmission control unit (NCU) is adapted to communicate with the
ECM and an AC Power Module. The NCU can control an engine variable solenoid and a shift
actuator for the CVT. In yet other embodiments, the control system can include an AC Power
Module that is configured to read an AC current and voltage and computes the “real” power.
The computed power information is passed to the NCU to compute the optimum engine speed.

[0014] Yet another aspect of the disclosure concerns an auxiliary power unit having
an engine and a generator. In one embodiment, a ball-type continuously variable transmission is
coupled to the generator. A pulley assembly can provide a coupling between the engine and the
transmission. In some embodiments, the ball-type continuously variable transmission is
provided with a skew-based control system. The skew-based control system can have an
actuator in communication with an APU control system. The APU control system can include a
number of sensors. In some embodiments, the sensors include speed sensors adapted to provide
an indication of engine speed, generator speed, transmission speed. In other embodiments, the
sensors can include temperature sensors adapted to provide an indication of engine temperature
and transmission temperature. In one embodiment, the APU control system coordinates the
operation of the transmission and engine to maintain a constant generator speed.

[0015] One more aspect of the disclosure concerns a method for minimizing the fuel
consumption of an auxiliary power unit having a continuously variable transmission (CVT). In
one embodiment, the method includes the step of providing a computational model (such as the
model presented in Equations 1-9 in this document). The method has the step of determining the
engine torque and speed as a function of the generator speed and electrical. The method
includes the step of performing a regression to determine the fuel consumption rate. In some
embodiments, a speed ratio of the CVT is computationally swept from the minimum ratio to the
maximum ratio to thereby compute multiple fuel consumption values. For a given generator
power demand, the CVT speed ratio can be selected to thereby yield the minimum fuel
consumption value. This process can be repeated for increasing electrical power demands to

thereby generate a fuel consumption relationship to electrical power demand.
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BRIEF DESCRIPTION OF THE FIGURES

[0016] Figure 1 is a schematic illustration of one embodiment of an auxiliary power unit
(APU).

[0017] Figure 2 is a schematic illustration of an embodiment of an APU.

[0018] Figure 3 is a schematic illustration of an embodiment of an APU.

[0019] Figure 4 is a schematic illustration of an embodiment of an APU.

[0020] Figure 5 is a schematic illustration of an embodiment of an APU.

[0021] Figure 6 is a schematic illustration of an APU having a ball-type CVT.

[0022] Figure 7 is a schematic illustration of an APU having a ball-type CVT.

[0023] Figure 8 is a schematic illustration of an APU having a ball-type CVT.

[0024] Figure 9 is a schematic illustration of an APU having a ball-type CVT.

[0025] Figure 10 is a schematic illustration of an APU having a ball-type CVT.

[0026] Figure 11 is a schematic illustration of an APU having a ball-type CVT.

[0027] Figure 12 is a perspective view of one embodiment of an APU.

[0028] Figure 13 is a cut away perspective view of the APU of Figure 12.

[0029] Figure 14 is a block diagram of an APU having a control system.

[0030] Figure 15 is a flow chart of a control process that can be used with the APU of
Figure 14.

[0031] Figure 16 is a flow chart of a control process that can be used with the control
process of Figure 14.

[0032] Figure 17 is a flow chart of a control process that can be used with the control
process of Figure 14.

[0033] Figure 18 is a flow chart of a control process that can be used with the control
process of Figure 14.

[0034] Figure 19 is a chart depicting performance characteristics of the APU of Figure
14.

[0035] Figure 20 is a schematic illustration of an APU having a CVT.

[0036] Figure 21 is another schematic illustration of an APU having a CVT.

[0037] Figure 22 is a flow chart of a control process that can be used with at least the
APU of Figure 21.

[0038] Figure 23 is a flow chart of a control process that can be used with the control
process of Figure 22.

[0039] Figure 24 is a flow chart of a control process that can be used with at least the
APU of Figure 21.
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DETAILED DESCRIPTION OF CERTAIN EMBODIMENTS

[0040] The preferred embodiments will be described now with reference to the
accompanying figures, wherein like numerals refer to like elements throughout. The
terminology used in the descriptions below is not to be interpreted in any limited or restrictive
manner simply because it is used in conjunction with detailed descriptions of certain specific
embodiments. Furthermore, embodiments of the disclosure can include several novel features,
no single one of which is solely responsible for its desirable attributes or which is essential to
practicing the embodiments described. Certain CVT embodiments described here are generally
related to the type disclosed in U.S. Patent Nos. 6,241,636; 6,419,608; 6,689,012; 7,011,600;
7,166,052; U.S. Patent Application Nos. 11/243,484; 11/543,311; 12/198,402; 12/251,325 and
Patent Cooperation Treaty patent applications PCT/US2007/023315, PCT/IB2006/054911,
PCT/US2008/068929, and PCT/US2007/023315, PCT/US2008/074496. The entire disclosure
of each of these patents and patent applications is hereby incorporated herein by reference.

[0041] As used here, the terms “operationally connected,” “operationally coupled”,
“operationally linked”, “operably connected”, “operably coupled”, “operably linked,” and like
terms, refer to a relationship (mechanical, linkage, coupling, etc.) between elements whereby
operation of one element results in a corresponding, following, or simultaneous operation or
actuation of a second element. It is noted that in using said terms to describe inventive
embodiments, specific structures or mechanisms that link or couple the elements are typically
described. However, unless otherwise specifically stated, when one of said terms is used, the
term indicates that the actual linkage or coupling may take a variety of forms, which in certain
instances will be readily apparent to a person of ordinary skill in the relevant technology.

[0042] For description purposes, the term “axial” as used here refers to a direction or
position along an axis that is parallel to a main or longitudinal axis of a transmission or variator.
The term “radial” is used here to indicate a direction or position that is perpendicular relative to
a longitudinal axis of a transmission or variator. For clarity and conciseness, at times similar
components labeled similarly will be referred to collectively by a single label.

[0043] Some embodiments disclosed here are related to a CVT using generally
spherical planets each having a tiltable axis of rotation that can be adjusted to achieve a desired
ratio of input speed to output speed during operation. In one embodiment, adjustment of said
axis of rotation involves angular displacement of the planet axis in a first plane in order to
achieve an angular adjustment of the planet axis in a second plane, wherein the second plane is
substantially perpendicular to the first plane. The angular displacement in the first plane is
referred to here as “skew”, “skew angle”, and/or *“skew condition”. For discussion purposes, the

first plane is generally parallel to a longitudinal axis of the variator and/or the CVT. The second
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plane can be generally perpendicular to the longitudinal axis. In one embodiment, a control
system coordinates the use of a skew angle to generate forces between certain contacting
components in the variator that will tilt the planet axis of rotation substantially in the second
plane. The tilting of the planet axis of rotation adjusts the speed ratio of the variator.

[0044] Other embodiments disclosed here are related to continuously variable
transmissions having spherical planets such as those generally described in U.S. Patent No.
7,125,359 to Milner, U.S. Patent No. 4,744,261 to Jacobson, U.S. Patent No. 5,236,403 to
Schievelbusch, or U.S. Patent No. 2,469,653 to Kopp. Some embodiments disclosed here are
related to continuously variable transmissions having belts or chains, see for example U.S.
Patent No. 7,396,311 to Gates. Yet other embodiments disclosed here are related to
transmissions having toroidal discs for transmitting power. See for example U.S. Patent No.
7,530,916 to Greenwood and U.S. Patent No. 6,443,870 to Yoshikawa et al. The entire
disclosure of each of these patents and patent applications is hereby incorporated herein by
reference.

[0045] One aspect disclosed here relates to auxiliary power units wherein a prime
mover drives various driven devices. Auxiliary power units disclosed here can be used in
various trucking and transport vehicles including, but not limited to, refrigeration trucks,
recreational vehicles, buses, locomotives, service vehicles, trash trucks, marine vehicles, Class 3
and Class 8 trucks, among others. The prime mover can be, for example, an electrical motor
and/or a combustion engine. For purposes of description here, an accessory includes any
machine or device that can be powered by a prime mover. For purposes of illustration and not
limitation, said machine or device can be a power takeoff device (PTO), pump, compressor,
generator, auxiliary electric motor, etc. Accessory devices configured to be driven by a prime
mover may also include refrigeration systems, alternators, water pumps, power steering pumps,
fuel pumps, oil pumps, air conditioning compressors, cooling fans, superchargers, turbochargers
and any other device that is typically powered by a prime mover. Embodiments disclosed here
can be used to control the power delivered to the accessories powered by a prime mover.

[0046] Referring now to Figures 1-5, in one embodiment, an APU 10 can include an
engine 12 operably coupled to a CVT 14. The CVT 14 can be operationally linked to a
generator 16. In some embodiments, an APU 20 can include an engine 22 operably coupled to
a CVT 24. The CVT 24 can be operably connected to a compressor 26. The compressor 26 can
be used, for example, in an air conditioning system. In other embodiments, an APU 30 can
include an electric motor 32 operably coupled to a CVT 34. The CVT 34 can be operationally
coupled to a compressor 36. In yet other embodiments, an APU 40 can include an engine 42

operably coupled to a CVT 44. The engine 42 can be operably coupled to, for example, a
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compressor 46. In one embodiment, an APU 50 can include an internal combustion engine 52
operationally coupled to a CVT 54. The CVT 54 can be operably connected to, for example, an
alternator 56. The alternator 56 electrically couples to a battery 58. The battery 58 can be used
to power, for example, an electric compressor 59. It should be noted that couplings between
elements described can be achieved through linkages that can include gearing or pulleys with
ratios as appropriate to achieve the desired operating speed for components.

[0047] Turning now to Figures 6-9, in one embodiment, an APU 60 includes an
internal combustion engine 62 coupled to a CVT 64. The CVT 64 can be, for example, a ball-
type CVT having an input ring 65 and an output ring 66. The engine 62 can be operably
coupled to the input ring 65. The output ring 66 can be operably connected to, for example, a
generator 66. In some embodiments, an APU 70 can include an internal combustion engine 72
coupled to a CVT 74. The CVT 74 can be, for example, a ball-type CVT having an input ring
75 and a rotatable support member 76. In one embodiment, the rotatable support member 76
can be configured to deliver a power to, for example, a generator 78. In other embodiments, an
APU 80 can include an internal combustion engine 82 coupled to a CVT 84. The CVT 84 can
be, for example, a ball-type CVT having an input ring 85, an output ring 86, and a rotatable
support member 87. The input ring 85 can be configured to receive a rotational power from the
engine 82. The output ring 86 can be coupled to, for example, a compressor 88. The rotatable
support member 87 can be operably connected to, for example, a generator 89. In yet other
embodiments, an APU 90 can include an internal combustion engine 92 coupled to a CVT 94.
The CVT 94 can be, for example, a ball-type CVT having an input ring 95, an output ring 96,
and a rotatable support member 97. The output ring 96 can be operably coupled to, for example,
a generator 98. The rotatable support member 97 can be operably coupled to the generator 98.

[0048] Referring now to Figure 10, in one embodiment, an APU 100 can include an
internal combustion engine 102 operably coupled to a CVT 104. The CVT 104 can be, for
example a ball-type CVT having an input ring 105, an output ring 106, and a rotatable support
member 108. The engine 102 can be coupled to the input ring 105. The output ring 106 can be
operationally coupled to, for example, an air conditioning compressor 110. The air conditioning
compressor 110 can be operably linked to, for example, a heat exchanger 112. In one
embodiment, the support member 108 can be coupled to a fan 114. In other embodiments, a
second fan 115 can be coupled to other rotating components of the CVT 104.

[0049] Passing now to Figure 11, in one embodiment, an APU 120 can include an
internal combustion engine 122 operably coupled to a CVT 124. The CVT 124 can be, for
example, a ball-type CVT having an input ring 125 and an output ring 126. The input ring 125

can be configured to receive a rotational power from the engine 122. The output ring 126 can be
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coupled to a generator 128. The generator 128 can be configured to drive, either electrically or
mechanically, an air conditioning compressor 130. In some embodiments, the generator 128 can
be coupled to a set of fans 132. The fans 132 can be configured to cooperate with, for example,
a heat exchanger 134.

[0050] Referring now to Figures 12 and 13, in one embodiment, an APU 130 is
provided with an enclosure 132 configured to mount, for example, on a truck or trailer. The
enclosure 132 can have a number of vent openings 134 distributed about the periphery. The
vent openings 134 provide ventilation to internal components of the APU 130. The enclosure
132 can be configured for removal of one or more portions to facilitate access to internal
components. In some embodiments, the APU 130 has a cooling system 138 mounted on the
exterior of the enclosure 132. The cooling system 138 can be in fluid communication with, for
example, an engine 140. The engine 140 can be mounted on the interior of the enclosure 132.
In one embodiment, the APU 140 includes a continuously variable accessory drive (CVAD) 142
can include a CVT 143 coupled to an alternator/generator 144. The CVAD 142 receives
rotational power from an engine driven pulley 146 coupled to an input pulley 148. In some
embodiments, the cooling system 138 can be adapted to cooperate with the CVAD 142. In some
embodiments, a tensioner pulley 150 can be provided to maintain tension on a drive belt 152.

[0051] During operation of the APU 130, a change in an electrical load on the system
can be more efficiently accommodated by appropriately adjusting the operating condition of the
engine 140. Since the generator 144 performs most efficiently at a fixed speed condition, the
CVT 143 can be adjusted to maintain the operating speed of the generator 144 in the presence of
a variation in the speed of the engine 140. Coordination and control of the APU 130 will now
be discussed as an illustrative example.

[0052] Figure 14 illustrates one embodiment of a control system 150 that can be
used with, for example, the APU 130. For description purposes, the engine 140, the CVT 143,
and the generator 144 are depicted as blocks in Figure 14. In one embodiment, the control
system 150 includes a controller 152 in communication with sensors 154, a data display and user
interface 156, a CVT actuator 158, and an engine actuator 160. The CVT actuator 158 can be
operably coupled to the CVT 143 to thereby facilitate adjustment in the operating condition of
the CVT 143. The engine actuator 160 can be operably coupled to the engine 140 to thereby
facilitate a change in operating condition of the engine 140. In one embodiment, the controller
152 includes electronic hardware 162 in communication with control logic 164. In some
embodiments, the sensors 154 are adapted to sense conditions of the engine 140, the CVT 143,
and/or the generator 144. For example, the sensors 154 can sense engine speed, CVT input

speed, CVT output speed, generator speed, generator voltage, generator current, engine
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temperature, CVT temperature, and many other variables common to operating an engine, CVT,
and/or generator. In some embodiments, the data display and user interface 156 can be mounted
on the enclosure 132, for example. In other embodiments, the data display and user interface
156 can be remotely mounted, for example.

[0053] Turning to Figure 15, in one embodiment, a control process 170 can be
implemented in the control system 150, for example. The control process 170 can begin at
block 171 and proceed to a block 172 where a desired generator speed is received. The process
170 moves to a block 173 where a load demand for the generator 144 is received. In one
embodiment, the load demand for the generator 144 can be determined from measured
parameters such as RMS voltage and RMS current. In other embodiments, the load demand for
the generator 144 can be inferred from other parameters. The control process 170 proceeds to a
block 174 where a determination is made for the set point of the engine 140. In one
embodiment, the speed of the engine is used as a set point. In some embodiments, a throttle
position can be used as a set point. In other embodiments, a fuel rate can be used as a set point.
The control process 170 proceeds to a block 175 where the speed of the generator 144 is
measured. The control process 170 proceeds to a block 176 where the set point for the CVT 143
is determined. In one embodiment, the set point for the CVT 143 can be a speed ratio. In some
embodiments, the set point for the CVT 143 can be an output speed. In other embodiments, the
set point for the CVT 143 can be a torque ratio. In yet other embodiments, the set point for the
CVT 143 can be an indication of the efficiency of the CVT 143. The process 170 proceeds to a
decision block 178 where the measured speed of the generator 144 is compared to the desired
speed of the generator 144. If the measure speed and the desired speed are not equal, the control
process 170 returns to block 175. If the measured speed and the desired speed are equal, the
control process proceeds to the ending state 180. In one embodiment, the control process 170
includes a block 177 where an actuator control process for the engine 140 is executed. The
actuator control process can be open loop based on a determined engine set point. In some
embodiments, the actuator control process can be a closed loop process based on a desired
engine set point compared to a measured engine set point. It should be noted that the control
process 170 is configured so that the CVT 143 is adjusted during changes in the operating
condition of the engine 140 to maintain steady operation of the generator 144.

[0054] Referring now to Figures 16-18, in one embodiment, receiving a generator
load demand in block 173 can include one or more of the processes 190, 195, and 200. In one
embodiment, the process 190 begins at block 191 and proceeds to block 192 where a signal from
a blower is received. The process 190 proceeds to block 193 where the load from the blower is

determined. In some embodiments, a look-up table can be employed to determine the load from
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the blower. The process 190 ends at block 194. In one embodiment, the process 195 begins at

block 196 and proceeds to block 197 where a signal from an air conditioner (AC) is received.
The process 195 proceeds to block 198 where the load from the AC is determined. In some
embodiments, a look-up table can be employed in block 198. The process 195 ends at block
199. In one embodiment, the process 100 begins at block 201 and proceeds to block 202 where
a signal from a heater is received. The process 200 proceeds to block 203 where a load from the
heater is determined. In some embodiments, a look-up table is used in block 203. The process
200 ends at block 204.

[0055] Those of skill will recognize that the various illustrative logical blocks,
modules, circuits, and algorithm steps described in connection with the embodiments disclosed
herein, including with reference to the control system 150, for example, may be implemented as
electronic hardware, software stored on a computer readable medium and executable by a
processor, or combinations of both. To clearly illustrate this interchangeability of hardware and
software, various illustrative components, blocks, modules, circuits, and steps have been
described above generally in terms of their functionality. Whether such functionality is
implemented as hardware or software depends upon the particular application and design
constraints imposed on the overall system. Skilled artisans may implement the described
functionality in varying ways for each particular application, but such implementation decisions
should not be interpreted as causing a departure from the scope of the present disclosure. For
example, various illustrative logical blocks, modules, and circuits described in connection with
the embodiments disclosed herein may be implemented or performed with a general purpose
processor, a digital signal processor (DSP), an application specific integrated circuit (ASIC), a
field programmable gate array (FPGA) or other programmable logic device, discrete gate or
transistor logic, discrete hardware components, or any combination thereof designed to perform
the functions described herein. A general purpose processor may be a microprocessor, but in the
alternative, the processor may be any conventional processor, controller, microcontroller, or
state machine. A processor may also be implemented as a combination of computing devices,
e.g., a combination of a DSP and a microprocessor, a plurality of microprocessors, one or more
microprocessors in conjunction with a DSP core, or any other such configuration. Software
associated with such modules may reside in RAM memory, flash memory, ROM memory,
EPROM memory, EEPROM memory, registers, a hard disk, a removable disk, a CD-ROM, or
any other suitable form of storage medium known in the art. An exemplary storage medium is
coupled to the processor such the processor can read information from, and write information to,

the storage medium. In the alternative, the storage medium may be integral to the processor.
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The processor and the storage medium may reside in an ASIC. For example, in one
embodiment, the controller 152 comprises a processor (not shown).

[0056] The embodiments disclosed herein can reduce the fuel consumed by auxiliary
power units (APU). For example, a comparison can be made of the fuel rate for a standard APU
to a combined APU-CVAD system for various power levels. This is achieved by deriving an
inverse relationship between the output torque of the pulley and engine torque. The inverse

relationship is derived as follows:

Np=(Tp*wp)/(Te*wE) (Equation 1)

[0057] ©p=p* g (Equation 2)
[0058] Substituting equation (2) into (1) yields:

Np=(Tp* p* we)/(Te*wr) = (p* Tp)/TE (Equation 3)

[0059] The variable n, represents the pulley efficiency, w, represents the output shaft
speed of the stock pulley, T, represents the output torque of the pulley, Tg represents the output
torque of the engine, and p is the pulley ratio. Both n, and p are measured as a function of the
input torque Tg, therefore equation (3) can be rearranged as follows:

[0060]  Ty= (n,(Te)*Te)/(p(Tx)) (Equation 4)

[0061] In equation (4), the right hand side is purely a function of the output torque of

the engine. Thus, equation 4 can be represented as follows:

[0062] To=f(Tk) (Equation 5)

[0063] Therefore, Tg can be calculated from equation 5 inverting the function f as
follows:

[0064]  Te=f"(T,) (Equation 6)

[0065] The use of the inverted function f'1 alleviates the need for an iterative method

to the solution. In the case of the stock APU, the output torque of the pulley is determined from
the input mechanical torque of the generator, which in turn is determined by the electrical
generator power and generator efficiency as follows:

[0066] Tp= Poen/(NGen™ ©cEN) (Equation 7)

[0067] In the case of an APU-CVAD system, the output torque of the pulley is
calculated as follows:

[0068] Ty= (Pgen/(Naen™ 0ceN))*( 0cen/(Mevr™ (Dp)) (Equation 8)

[0069] The variable PGEN represents the electrical power demand from the
generator, ncvr represents the efficiency of the CVT, ngen represents the generator efficiency,
and ogpy represents the generator operating speed. In some embodiments, the generator
operating speed is approximately 3600rpm. Equation 8 can be simplified to the following:

[0070] Tp= Peen/(NGex™nevr™ p) (Equation 9)
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[0071] Once the output pulley torque is known by using either equation 8§ or equation
9, the equation 6 can be used to determine the output torque of the engine, and thereby
determine the rate of fuel supply needed by the engine to sustain the power level of the
generator. Minimizing the rate of fuel supplied to the engine is preferred.

[0072] Equations 1-9 can be used to generate the graph 205 depicted in Figure 19,
which illustrates a comparison of the fuel rate versus steady state generator electrical power for a
standard APU without a CVT and an APU systems equipped with a CVT (APU-CVT system),
such as the APU 130 that is equipped with a CVAD 142. Equations 1-9 represent a
computational model for an APU-CVT system. The graph 205 has an x-axis representing power
demand from the generator. The graph 205 has a y-axis representing fuel consumption rate of
the engine. A curve 206 can represent performance of a standard APU. Curves 208 can
represent performance of CVT enabled APU systems. In one embodiment, the curve 206
crosses the curves 208. Therefore, for some electrical power demands from the generator, the
standard APU can be more efficient. For other power demands, the APU 130 is significantly
more fuel efficient. In some embodiments, the cross-over point can be adjusted so that the
system performs most efficiently under frequently used operating conditions. It should be
appreciated that a designer can adjust the operating efficiency of an APU-CVT system with
design choices such as engine size and type, CVT size and type, generator size and type, pulley
size and configuration, among others. For example, a designer can select the pulley sizes so that
the CVT operates at its most efficient condition for the majority of the duty cycle of the system.
In some cases, a duty cycle for an APU system can include conditions of relatively low
generator power. In such conditions, the APU-CVT system can be configured so that the CVT
operates most efficiently in low power conditions. Likewise, the APU-CVT system can be
configured so that the CVT operates most efficiently in high power conditions when deemed
suitable for an applicaiton. Depending on the cycle, an APU-CVT system such as the APU 130
can be approximately 24% more fuel efficient than a standard APU without a CVT.

[0073] It should be noted that the computational model presented in equations 1-9
can be exercised for an APU system. The engine torque and speed can be computed when given
the generator speed (sometimes fixed to 3600) and electrical power demand. The fuel
consumption rate (FC) for the engine can then be determined via regression, for example
FC=f(Engine_Speed,Engine_Torque). This process can be repeated for increasing electrical
power demands to get a relationship between fuel consumption and electrical power demand.
In other embodiments, the computational model presented in equations 1-9 can be exercised for
an APU-CVT system. The engine torque and speed can be determined when given the generator

speed and electrical power demand. The fuel consumption rate (FC) can be determined via
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regression. For APU-CVT systems, the CVT speed ratio is computationally swept from the

minimum ratio to the maximum ratio to thereby compute multiple fuel consumption values. For
a given generator power demand, the CVT speed ratio can be selected to thereby yield the
minimum fuel consumption value. This process can be repeated for increasing electrical power
demands to thereby generate a fuel consumption relationship to electrical power demand.

[0074] Referring now to Figure 20, in one embodiment, an auxiliary power unit
(APU) 300 can include an integrated continuously variable planetary (CVP) transmission 302
and transmission control unit (NCU) 304. The NCU 304 can maintain a near constant speed of a
generator 306. For example, the NCU 304 can maintain the generator 306 at 3600-rpm +/- 120-
rpm (60Hz +/- 2Hz ). The NCU 304 can also be configured to minimize fuel consumption of an
engine 308. The engine 308 can be operably coupled to the CVP 302. In some embodiments,
the engine 308 is coupled to the CVP 302 with a pulley system 309, for example. In one
embodiment, the engine 308 is a Yanmer 2-cylinder 0.5L 13-hp diesel engine. The engine 308
can be provided with a mechanical fly-ball governor system that is designed to maintain an
engine speed based on the position of a fuel solenoid 310. In some embodiments, the solenoid
310 sets the engine “reference” speed and the mechanical governor regulates the engine speed
about the reference.

[0075] Still referring to Figure 20, in one embodiment, the CVP 302 enables the
engine 308 to operate over a bounded, but continuous, speed range to facilitate fuel
optimization. The speed ratio of the CVP 308 can be adjusted using a DC motor based actuator
312. The actuator 312 can be controlled by the NCU 304. In some embodiments, the power
output of the CVP 308 is directly coupled to a shaft of the generator 306. A speed sensor 314 is
mounted at the output of the CVP 304. The rotor speed of the generator 306 is directly
measured by the sensor 314. In one embodiment, the generator is a Markon 6.0-kVA single
phase alternator setup for 110-120V at 3600-rpm.

[0076] Referring still to Figure 20, in one embodiment, a cabin control unit (CCU)
316 is the interface that the user interacts with to turn ON/OFF the APU and to enter various
control settings (e.g. cabin set temperature). An engine control module (ECM) 318 can be a
logic board controlling various relays/switches (e.g. starter relay, glow plug relay, fan relays,
HVAC component relays). The ECM 318 can be configured to communicate with the NCU 304
via a CAN communication interface. The ECM 318 can pass information regarding the status of
various loads, while the NCU 304 will pass back information regarding the status of the engine
speed and various CVP 304 operating conditions.

[0077] In one embodiment, the NCU 304 can regulate both the engine speed and the

CVP 302 output speed (or possibly the system’s effective speed ratio, @, / .. ). To control

ng
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the engine speed, the NCU 304 will monitor the engine speed and adjust the signal to the fuel

solenoid 310 effectively changing the reference speed to the engine 308. Control of the CVP
302 output speed (or system’s effective speed ratio) will be achieved by controlling the DC
actuator 312 used to shift the CVP. Both speeds can be measured using hall-effect sensors. As
mentioned before, the NCU 304 can communicate with the ECM 318 to exchange information
on the load status and any diagnostics.

[0078] In some embodiments, the NCU 304 can communicate an AC power module
320. The AC power module 320 can measure the power produced by the generator 306. The
module 320 uses an IC chip that requires the current and voltage wave forms to properly
compute the components of the AC power. In some embodiments, the “real” component of the
AC power is of interest. To measure current, a hall-effect transformer can be used, while a
series of voltage dividers can be used to measure the AC voltage.

[0079] During operation of the APU 300, the control system 304 can regulate the
speed of the generator 306 to 3600-rpm +/- 120-rpm while minimizing fuel consumption. In one
embodiment, a feed-forward or ‘predictive’ component can be added to the control system 304.
The ECM 318 can be configured to control ON/OFF status of most of the major AC loads on the
APU 300. The majority of these ‘predictive’ loads can be given a binary ID, which can be
related to a baseline value of the power demand associated with each predictive load. In some
embodiments, the feed-forward power values associated with each predictive load will be
increased by a certain factor to account for the high transient load due to in-rush current. Before
the ECM 318 turns ON a given predictive load, it can send a data packet to the NCU 304. The
NCU 304 will then process the data and adjust the engine speed to account for the increase in
power demand. Once the the speeds of the engine 308 and generator 306 have stabilized, the
NCU 304 can send a data packet back to the ECM 318 informing the load is ready to be turned
ON.

[0080] In some embodiments, it is desirable to minimize fuel economy. The power
of the generator 306 can be computed using measurements of both the voltage and current
waveforms; thus, accounting for higher order harmonics and phase shift or power factor. Based
on a curve relating optimum engine speed to power demand, a “correction” component can be
added to the control scheme. The NCU 304 can adjust the engine speed based on the measured
power and optimum engine curve. For non-predictive loads (e.g. block heater, microwave, and
refrigerator), the response of the APU 300 can be configured to be fast enough to maintain the
speed of the generator 306 within the +/-120-rpm tolerance. The majority of non-predictive

loads are minor loads.
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[0081] Turning now to Figure 21, in one embodiment, an APU 350 can be provided

with a generator 352 that is powered by a 2-cylinder diesel engine 354. The APU 350 can have
a control system that includes a cabin control unit (CCU) 356, an engine control module (ECM)
358 and a transmission control unit (NCU) 360. The CCU 356 can be a primary user interface.
The ECM 358 monitors and directs the operation of the APU 350. The ECM 358 includes
connections to the CCU 356, APU 350, NCU 360, and an HVAC system (not shown). The
ECM 358 controls aspects of the APU 350 and HVAC system based on various sensors and
direction from the CCU 356 and NCU 360.

[0082] Referring still to Figure 21, in one embodiment, the NCU 360 controls both
the speed of the engine 354 and operation of a continuously variable transmission (CVP) 362
based on various sensors and direction from the ECM 358. In some embodiments, a CAN
interface can be employed. The NCU 360 can be powered via the vehicle DC battery though
two connections. A first connection 364 can be fused and hardwired to the battery, which is
closed via an internal switch inside NCU 360. A second connection 365 can be fused and
connected to an external mechanical relay 363 that is controlled by the ECM 358 to turn
ON/OFF the NCU 360. During system startup, the ECM 358 can turn ON the NCU 360 via the
mechanical relay 363 initiating the NCU 360 into wait mode. When the NCU 360 is turned ON,
the first connection 364 will be closed via the internal switch. In a system shutdown, the ECM
358 will open the relay 363 removing power to the second connection 365, which sends the
NCU 360 into a shutdown mode. When the NCU 360 shutdown process has ended, the internal
switch will open the first connection 364 completely eliminating power to the NCU 360.

[0083] In one embodiment, the NCU 360 can control both a fuel pump solenoid 366
and a shift actuator 368 to regulate the engine speed and CVP 362 output speed, respectively.
The speed ratio of the CVP 362 is changed by controlling its shift actuator 368. In one
embodiment, the shift actuator 368 includes a DC motor based actuator having an 18:1 gear
reduction and originally designed to operate an Electric Motor driven Exhaust Gas Recirculation
valve (not shown). The shift actuator 368 can include an Acme screw assembly (not shown)
with a 3/8”-16 single-start lead. The output of the DC actuator is coupled to the acme screw that
is adapted to move the acme nut in a translation motion. The acme nut interacts with a shift
clevis, for example, provided on the CVP 362, through a pin-slot arrangement. As the acme
screw turns, the nut moves in a translational motion causing the CVP 352 to change ratio.

[0084] During operation of the APU 350, the speed ratio of the CVP 362 is directly
related to the shift angle of a stator provided on CVP 362. In some embodiments, the CVP 362
can be of the type described in U.S. Patent Application No. 12/251,325. During certain operating

conditions, the CVP 362 is loaded and the speed ratio can change due to such factors as slip and
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compliance. The NCU 360 is adapted to compensate for ratio change under load. Mechanical
shift stops can be installed onto the stator of the CVO 362 to facilitate the limits of the shift
range of the CVP 362. In some embodiments, the CVP 362 has a ratio in the range of 0.5 to
1.75 under rated load. The range can corresponds to about 6mm of total linear travel of the
acme nut or about 4 rotations of the acme screw. During operation, the NCU 360 can shift the
stator between the mechanical shift stops without jamming against them.

[0085] During shutdown of the APU 350, the NCU 360 can re-zero the CVP 362. A
re-zero event consists of moving the actuator 368 quickly to under-drive (for example, a speed
ratio of 0.5) while the CVP 362 is coming to a stop, but still rotating. In one embodiment, this
operating condition is achieved by moving the actuator 368 towards the under-drive shift stop
and monitoring the DC actuator position sensor to see when the under-drive shift stop is
contacted. Once contact is detected, the acme screw is moved about an 1/8 of a revolution in
the opposite direction to come off the shift stop. In other embodiments, the operating condition
is achieved by using the DC actuator position sensor to measure the absolute position of the
acme screw. During a shutdown, the NCU 360 puts the actuator 368 at the position
corresponding to under-drive.

[0086] Still referring to Figure 21, in one embodiment, the speed of the engine 354 is
set by controlling the variable fuel pump solenoid 366. The NCU 360 monitors engine speed
with, for example, a speed sensor 370. The NCU 360 can use closed loop feedback control to
regulate the solenoid 366 to a desired set point. In some embodiments, the NCU 360 receives
signals from the engine speed sensor 370 and a CVP speed sensor 372. The CVP speed sensor
372 is adapted to indicate the output speed of the CVP 362. In some embodiments, the output
speed of the CVP 362 corresponds to the speed of the generator 352. The speed sensors 370,
372 can be open collector with sinking output and require an external pull-up resistor. In some
embodiments, the DC actuator 368 has an integrated rotator Tri-axis Hall sensor. The output of
the said sensor is ratiometric and programmable.

[0087] During operation of the APU 359, the NCU 360 can monitor an oil outlet
temperature of the CVP 362 using a NTC engine coolant temperature (ETC) sensor 374. If the
temperature exceeds a certain range limit for a specified amount of time, the NCU 360 can issue
a shutdown command to the ECM 358. The NCU 360 can monitor an oil inlet pressure of the
CVP 362 using a pressure sensor 376. If the pressure exceeds a certain range limit for a
specified amount of time, the NCU 360 can issue a shutdown command to the ECM 358.

[0088] In some embodiments, the NCU 360 can communicate to both the ECM 385
and an AC power measuring module378 via a well known CAN communication interface. A

daisy-chain configuration can be used to broadcast information among the three devices. The
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ECM 358 can send a message to the NCU 360 informing that certain loads will be turned ON.

The NCU 360 will shift the engine speed and CVP 362 speed ratio accordingly and then will
respond back to the ECM 358 that the loads can be turned ON. The NCU 360 will send the
ECM the engine speed periodically. In the event the NCU 360 detects a failure, it will send an
error message to the ECM 358 to abort operation and shutdown. The NCU 360 can also receive
messages from an AC power module 378 that monitors the active power of the generator. The
AC power module 378 has an integrated circuit (IC) that reads in the AC current waveform
using a transformer 380 and the AC voltage waveform via voltage divider. The IC computes the
active power of the generator 352 and sends the value to the NCU 360 via CAN at a periodic
rate.

[0089] Turning now to Figure 22, in one embodiment, a start-up control process 400
can be implemented in the operation of, for example, the APU 300. The control process 400
begins at a state 402 and then proceeds to a state 404 where ignition is turned on. The process
400 then moves to a state 406 where detection of engine speed is performed. In one
embodiment, detection of engine speed involves detection of pulses from a speed sensor. The
process 400 then proceeds to a state 408 where a command is sent to the fuel solenoid. In some
embodiments, the command sent to the fuel solenoid is an indication that the solenoid is fully
pulled in for maximum or minimum fuel command. The process 400 then proceeds to a state
410 where a comparison of the detected engine speed to a pre-set speed is made. In some
embodiments, the state 410 has a pre-determined wait time before a positive or negative result is
passed. If a negative result is provided by the state 410, the process 400 repeats the state 410. If
a positive result is provided by the state 410, the process 400 proceeds substantially
simultaneously to a state 412 and a state 414. A closed loop CVP control process is executed at
the state 412. A command to reduce the engine speed to a pre-determined set point is sent at the
state 414. The process 400 proceeds from the state 414 to a state 416 where a closed loop
engine speed control process is executed. The process 400 proceeds from the state 412 and the
state 416 to an end state 418.

[0090] Referring now to Figure 23, in one embodiment, the closed loop engine
speed control process 416 can begin at a state 420 and proceed to a state 422. An engine speed
set point is read at the state 422. The process 416 proceeds to a state 424 where errors are
computed. As an illustrative example, equations for certain errors that can be computed at the

state 424 are shown in Figure 23, where
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Opugrer = Engine set-point or reference
Deng = Measured engine speed
Ckp = Proportional error
®x = Integral error (accumulative)
€k =  Previous integral error
®min = Minimum allowed accumulated error
[0091] The process 416 proceeds to a state 426 where a command is calculated for a

pulse-width-modulated (PWM) signal to be sent to the fuel solenoid. As an illustrative example,
the equations that can be used for the calculation at the state 426 are provided in Figure 23,
where “Dpwwmeyele” presents the duty cycle commanded to the solenoid, “D’pwwcycle” represents
the center or pivot duty cycle, “Dp,” represents the minimum allowed duty cycle, and “Dyax”
represents the maximum allowed duty cycle. The process 416 then proceeds to an end state
428.

[0092] It should be noted that the NCU 304 can use 15-bit resolution for the solenoid
PWM, and in some embodiments the max voltage corresponds a value of 32000. The PWM
frequency for the solenoid controller is 600-Hz, while the control loop time is 10-ms. A duty
cycle of 56% or (18000 register value) is required to fully pull-in the solenoid. Testing APU
300 has indicated that a center PWM value of 31.9% or (10200 register value) has shown stable
results.

[0093] Turning now to Figure 24, in one embodiment a control process 450 can be
implemented with, for example, the APU 350. The control process 450 begins at a state 452 and
proceeds to a state 454 where ignition “ON” status is confirmed. The process 450 proceeds to a
state 456 to initiate the start of the engine 354, for example. The state 456 can be referred to as a
crank state in which the fuel solenoid 366 is commanded full on and the CVP 362 is operated in
underdrive. The control process 450 proceeds to a state 458 where the speed of the engine 354
is compared to a predetermined speed threshold to indicate that engine has transitioned from a
cranking condition to a run condition. The control process 450 proceeds to a run state 460. In
one embodiment, signals from the ECM 358 can be received at a state 462. In the run state 460,
the control process 450 executes a fuel actuator process 464 and a CVP actuator process 466.
The fuel actuator process 464 can be a PID control process for regulating the speed of the engine
354 based on a predetermined engine reference speed. The CVP actuator process 466 can be a
PID control process for regulating the CVP output speed to maintain a constant speed of the

generator 352, for example. In one embodiment, signals received at the state 462 can be sent to
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a state 468 where an evaluation of the requested load is performed. In some embodiments, the
signal indicative of a load request is sent by a CAN message. The state 468 produces a positive
result, for example, when an increase in load is detected. The state 468 produces a negative
result, for example, when no load increase is detected. The process 450 proceeds to a state 470
confirms receipt of the message to the CVP 362. In other words, the state 470 is the
confirmation ‘“hand shake” that is sent from the NCU to the ECM via CAN indicating the CVP
362 is ready for additional loading from the HVAC unit. The CVP 362 will then wait for the
load to turn ON before reading the AC power module. In one embodiment, the state 468
evaluates the power associated with a load request. For illustrative example, the equations that
can be implemented in the state 468 are provided in Figure 24, where Pcmd represents the
commanded power to power all AC loads, Pmod represents the active power produced by
generator measured with power module, Preq represents the additional power requested by the
ECM 358 to turn ON a predictive load, for example, a load that the ECM 358 turns ON/OFF, for
example the condenser. This is a pre-defined value that gets added to the current power reading
from the AC power module. For reference, the term g, is shown in Figure 24 and represents
the reference engine speed set-point based on the optimum engine speed curve and Pcmd.
Optimum pertains to minimize fuel consumption rate. The process 450 proceeds to an
evaluation state 474 where the ignition signal is evaluated. A positive result from the state 474
indicates an “OFF” status of the ignition. The process 450 proceeds to a shutdown state 476
where the CVP 362 is shifted into underdrive. The process 450 ends at a state 478.

[0094] It should be noted that the description above has provided dimensions for
certain components or subassemblies. The mentioned dimensions, or ranges of dimensions, are
provided in order to comply as best as possible with certain legal requirements, such as best
mode. However, the scope of the embodiments described herein are to be determined solely by
the language of the claims, and consequently, none of the mentioned dimensions is to be
considered limiting on the inventive embodiments, except in so far as anyone claim makes a
specified dimension, or range of thereof, a feature of the claim.

[0095] The foregoing description details certain embodiments of the disclosure. It will
be appreciated, however, that no matter how detailed the foregoing appears in text, the disclosure
can be practiced in many ways. As is also stated above, it should be noted that the use of particular
terminology when describing certain features or aspects of the disclosure should not be taken to
imply that the terminology is being re-defined herein to be restricted to including any specific

characteristics of the features or aspects of the disclosure with which that terminology is associated.
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WHAT WE CLAIM IS:

1. A method of controlling an auxiliary power unit having an engine, a generator,
and a continuously variable transmission (CVT) coupled to the engine and the generator, the
method comprising the steps of:

sensing a change in a load on the generator;

adjusting the engine to correspond to said change in load; and

adjusting the speed ratio of the CVT substantially simultaneously with the
adjustment of the engine.

2. The method of Claim 1, further comprising the step of maintaining a substantially
constant speed of the generator.

3. The method of Claim 2, wherein adjusting the speed ratio of the CVT comprises
the step of tilting axes of a plurality of balls.

4. The method of Claim 3, wherein tilting axes further comprises the step of
applying a skew condition to the CVT.

5. The method of Claim 1, wherein adjusting the engine comprises the step of
commanding an engine actuator.

6. The method of Claim 5, wherein commanding an engine actuator comprises the
step of providing an engine speed set point.

7. The method of Claim 5, wherein commanding an engine actuator comprises the
step of providing an engine fuel rate set point.

8. The method of Claim 3, wherein adjusting the speed ratio is based at least in part
on a difference between a speed of the generator and a speed of the engine.

9. An auxiliary power unit (APU) comprising:

a combustion engine having an engine control system adapted to operate the
engine at a requested condition;

a continuously variable transmission (CVT) having a plurality of tiltable balls,
the CVT operably coupled to the engine, the CVT having a CVT control system in
communication with the engine control system; and

a generator operably coupled to the CVT, the generator configured to operate at
substantially constant speed, wherein the CVT control system is adapted to sense a
change in speed of the generator and adjust the CVT based at least in part on said change
in speed.

10. The APU of Claim 9, further comprising an engine actuator coupled to the

engine, the engine actuator in communication with the engine control system.
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11. The APU of Claim 10, wherein the engine actuator is configured to receive a set
point from the CVT control system.

12. The APU of Claim 11, wherein the set point is a desired engine speed.

13. The APU of Claim 12, wherein the set point is a desired fuel rate for the engine.

14. The APU of Claim 13, wherein the CVT control systtem comprises a CVT
actuator, the CVT actuator operably coupled to the CVT, the CVT actuator configured to adjust
a transmission ratio of the CVT.

15. The APU of Claim 14, further comprising an enclosure configured to support and
enclose the engine, the CVT, and the control system.

16. A method of controlling an auxiliary power unit (APU) having an engine, a
generator, and a continuously variable transmission (CVT) coupled to the engine and the
generator, the method comprising the steps of:

determining a change in load based at least in part on a signal from an accessory;

adjusting the engine to correspond to said change in load; and

adjusting the speed ratio of the CVT substantially simultaneously with the
adjustment of the engine.

17. The method of Claim 16, wherein determining a change in load comprises the
step of receiving a signal from a blower.

18. The method of Claim 16, wherein determining a change in load comprises the
step of receiving a signal from an air conditioning system.

19. The method of Claim16, wherein determining a change in load comprises the step
of receiving a signal from a heater.

20. The method of Claim 18, wherein determining a change in load comprises the

step of using a look-up table.
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