I *I Innovation, Sciences et Innovation, Science and CA 2874113 C 2020/10/20
Développement économique Canada Economic Development Canada

Office de la Propriété Intellectuelle du Canada Canadian Intellectual Property Office (1 1)(21) 2 874 1 1 3

(12 BREVET CANADIEN

CANADIAN PATENT

13 C

(86) Date de dépot PCT/PCT Filing Date: 2013/05/30

(87) Date publication PCT/PCT Publication Date: 2013/12/05
(45) Date de délivrance/lssue Date: 2020/10/20

(85) Entrée phase nationale/National Entry: 2014/11/19

(86) N° demande PCT/PCT Application No.: US 2013/043226
(87) N° publication PCT/PCT Publication No.: 2013/181317
(30) Priorité/Priority: 2012/05/31 (US13/484,495)

(51) ClLInt./Int.Cl. B60R 16/00 (2006.01),
B60R 16/02 (2006.01), B60W 10/08 (2006.01)

(72) Inventeurs/Inventors:
WALDSCHMIDT, WILLIAM, US;
TRUCKENBROD, GREGORY R., US;
LOOMIS, PETER J., US;
TURNQUIST, MICHAEL D., US

(73) Propriétaire/Owner:
THERMO KING CORPORATION, US

(74) Agent: MARKS & CLERK

(54) Titre : SYSTEME DE COMMANDE POUR UNITE D'ALIMENTATION AUXILIAIRE D'UN VEHICULE

(54) Title: CONTROL SYSTEM FOR AUXILIARY POWER UNIT OF A

VEHICLE

200

DETERIMINE AUXILIARY
EMGINE STATUS

205.
3

COMPRESSOR
ENGAGED?

210

DECREASE ALTERNATOR |~
LOAD ON AUXILIARY
ENGINE

215.

HAS
PREDETERMINED
TIME PERIOD
ELAPSED?

INCREASE AL

LOAD ON AUXILIARY
ENGINE

TERMATOR | 220

228
IS

(57) Abrégé/Abstract:

COMPRESSOR
DISENGAGED?

A method of controlling an auxiliary power unit of a vehicle. The auxiliary power unit is in communication with an air conditioning
system of the vehicle and includes an engine and an alternator coupled to the engine. The method includes determining a state of

a compressor of the air conditioning system, the compressor inclu
relative to the engine in response to the compressor being varied f

ding an off state and an on state, reducing an alternator load
rom the off state to the on state, increasing the alternator load

relative to the engine after a predetermined time interval, and simultaneously operating the alternator up to an alternator load

capacity and the compressor up to a compressor load capacity.

50 rue Victoria ¢ Place du Portage 1 ¢ Gatineau, (Québec)
50 Victoria Street e Place du Portage 1 ® Gatineau, Quebec

K1A 0C9 e www.opic.ic.gc.ca i+l

noes < e Canada



wo 2013/18131°7 A1 [N 0000 0RO O

(43) International Publication Date

CA 02874113 2014-11-19

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2013/181317 Al

5 December 2013 (05.12.2013) WIPO | PCT
(51) International Patent Classification: (81) Designated States (uniess otherwise indicated, for every
B60OR 16/00 (2006.01) B60L 11/00 (2006.01) kind of national protection available): AE, AG, AL, AM,
B60R 16/02 (2006.01) B60W 10/08 (2006.01) AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
21) International Apolication Number: BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
(21) International Application Number: DO, DZ, EC, FE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
PCT/US2013/043226 HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KN, KP, KR,
(22) International Filing Date: KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
30 May 2013 (30.05.2013) MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
) OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SC,
(25) Filing Language: English SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
(26) Publication Language: English TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(30) Priority Data: (84) Designated States (uniess otherwise indicated, for every
13/484,495 31 May 2012 (31.05.2012) Us kind Of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
(71) Applicant: THERMO KING CORPORATION UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
[US/US]; 314 West 90th Street, Minneapolis, Minnesota TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
55420 (US). EE, ES, FIL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
(72) Tnventors: WALDSCHMIDT, William; 30245 Cannon MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, S, SK, SM,
River Blyd., Randolph, Minnesota 55065 (US). TRUCK- TR), OAPL (BF, B, CF, CG, CI, CM, GA, GN, GQ, GW,
. KM, ML, MR, NE, SN, TD, TG).
ENBROD, Gregory R.; 1300 52nd Avenue N.E., Min- > ’ > > ’
neapolis, Minnesota 55421 (US). LOOMIS, Peter J.; Published:
%gliNh(;[%IIlgnT, ifi.i,chiglsle)v. 1;1166{;1 é\/[ 1{1;2 ;slfet;e ;5011’11?1’, I\S[IaJSI)e —  with international search report (Art. 21(3))
Grove, Minnesota 55311 (US).
(74) Agent: NELSON, Plymouth D.; Suite 3300, 100 East

Wisconsin Avenue, Milwaukee, Wisconsin 53202 (US).

(54) Title: CONTROL SYSTEM FOR AUXILIARY POWER UNIT OF A VEHICLE

TKw

5Kw

AUXILIARY

ENGINE LOAD
(Kw)

3Kw /\
|

TIME (SEC.)

FIG. 4

ST

(57) Abstract: A method of controlling an auxiliary power unit of a vehicle. The auxiliary power unit is in communication with an
air conditioning system of the vehicle and includes an engine and an alternator coupled to the engine. The method includes determ -
ining a state of a compressor of the air conditioning system, the compressor including an off state and an on state, reducing an altern -
ator load relative to the engine in response to the compressor being varied from the off state to the on state, increasing the alternator
load relative to the engine after a predetermined time interval, and simultaneously operating the alternator up to an alternator load
capacity and the compressor up to a compressor load capacity.



CA 02874113 2014-11-19
WO 2013/181317 PCT/US2013/043226

CONTROL SYSTEM FOR AUXILIARY POWER UNIT OF A VEHICLE
BACKGROUND

[0001] The present invention relates to a vehicle including an auxiliary power unit, and

more particularly, to a control system for the auxiliary power unit.

[06002] Large tractors or trucks (e.g., semi-tractors) are commonly used to transport cargo
within a trailer or container. Existing tractors in a tractor-trailer combination typically
include a cabin that is conditioned by multiple mechanically driven vapor compression air
conditioning systems. In most tractors, the air conditioning system and other components of
the tractor and/or trailer are typically powered by a primary engine of the tractor when the
vehicle is operating or moving. Some tractors include an auxiliary power unit that has a
secondary engine supplying power to an auxiliary air conditioning system (e.g., compressor)
and other components of the tractor when the primary engine is off. Some auxiliary power
units also are used to charge tractor batteries (primary or auxiliary) when the primary engine

is off.

{0003} Existing auxiliary power units are often overloaded when the units simultaneously
provide power to the air conditioning system, the batteries, and other components of the truck
due to the limited capacities of these auxiliary power units. Fig. 1 illustrates a typical
auxiliary power unit load diagram of a prior art auxiliary power unit that has a maximum
power output of approximately 5.1 kilowatts (7 horsepower) with two distinct loads - an
alternator load and a compressor load. At time Ty, the auxiliary power unit is started and the
alternator load is applied to the auxiliary power unit. At time T, (approximately 7 seconds)

the alternator reaches a steady state load of approximately 2.9 kilowatts (4 horsepower).

{0004} As is common in conventional systems, the compressor load (e.g., approximately
3.7 kilowatts or S horsepower) is applied to the auxiliary power unit after and in addition to
the alternator load at time T, (e.g., about 40 seconds after the auxiliary power unit is started).
The compressor has a startup load phase in which the load on the auxiliary power unit is
increased to approximately 6.6 kilowatts (9 horsepower) because the peak compressor load of
3.7 kilowatts is added to the alternator load of 2.9 kilowatts that is still applied to the
auxiliary power unit. The startup load phase is relatively brief (e.g., less than 5 seconds) and

then begins its transition to a steady state load at time T5. As illustrated the time Tj; is
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approximately 43 seconds after the auxiliary power unit has started (i.e., the compressor
startup load phase is approximately 3 seconds long). The compressor achieves a steady state
load of approximately 2.2 kilowatts (3 horsepower) at time T4, and as illustrated, the
transition to steady state load lasts about 17 seconds (i.e., 60 seconds after the auxiliary

power unit has started).

[0005] However, as illustrated in Fig. 1, when the alternator load and the compressor load
are applied at the same time to the conventional auxiliary power unit at Ts (1.e., when the
compressor transitions toward steady state load), the total load of approximately 6.6 kilowatts
(9 horsepower) exceeds the load that can be handled by the auxiliary power unit. As a result
of the finite load capability of the auxiliary power unit and the excessive, cumulative loads on
the auxiliary power unit cause the alternator or the air conditioning system, or both, to

operate at lower than desired thresholds (e.g., between time T> to time Ty).
SUMMARY

[{0006] In one aspect, the invention provides a method of controlling an auxiliary power
unit of a vehicle. The auxiliary power unit is in communication with an air conditioning
system of the vehicle and includes an engine and an alternator coupled to the engine. The
method includes determining a state of a compressor of the air conditioning system, the
compressor including an off state and an on state, reducing an alternator load relative to the
engine in response to the compressor being varied from the off state to the on state,
increasing the alternator load relative to the engine after a predetermined time interval, and
simultaneously operating the alternator up to an alternator load capacity and the compressor

up to a compressor load capacity.

[0007] In another aspect, the invention provides a control system for a vehicle including
a primary engine and a cabin defining a space. The control system includes an auxiliary
power unit with an auxiliary engine, an alternator that is operatively coupled to the auxiliary
engine and that has an alternator load, and at least a portion of an air conditioning system that
has an evaporator positionable in communication with the cabin to condition the space with
an airflow and a compressor fluidly connected to the evaporator and operatively connected to
the auxiliary engine. A controller selectively operates the auxiliary engine, the alternator, and
the compressor when the primary engine is shutdown, and is programmed to detect a

compressor parameter and to reduce the alternator load relative to the auxiliary engine in
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response to the detected compressor parameter. The controller is further programmed to
increase the alternator load relative to the auxiliary engine after a predetermined time interval
and to simultaneously operate the alternator up to an alternator load capacity and the

compressor up to a compressor load capacity.

{0008] In another aspect, the invention provides a method of controlling an auxiliary
power unit of a vehicle. The auxiliary power unit is in communication with an air
conditioning system of the vehicle and includes an engine and an alternator that is coupled to
the engine. The method includes determining a state of a compressor that has an off state and
an on state defined by a startup mode and a steady-state mode, shedding an alternator load
relative to the engine in response to the compressor in the startup mode, restoring the
alternator load relative to the engine in response to the compressor being varied from the
startup mode to the steady-state mode, and operating the alternator up to an alternator load

capacity and the compressor up to a compressor load capacity.

[0009] Other aspects of the invention will become apparent by consideration of the

detailed description and accompanying drawings.
BRIEF DESCRIPTION OF THE DRAWINGS

{0010} Fig. 1 1s a diagram illustrating an alternator load and a compressor load applied to

a prior art auxiliary power unit over a period of time.

[0011] Fig. 2 is a schematic of a vehicle that includes a primary engine, an alternator, an
auxiliary power unit having an auxiliary engine, and an air conditioning system embodying

the invention.
[0012] Fig. 3 1s a flow chart of control logic for the auxiliary power unit of Fig. 2.

{0013} Fig. 4 1s a diagram illustrating how the control logic of Fig. 3 applies an alternator

load and a compressor load to the auxiliary power unit.

[0014] Before any embodiments of the invention are explained in detail, it 1s to be
understood that the invention is not limited in its application to the details of construction and
the arrangement of components set forth in the following description or illustrated in the
following drawings. The invention is capable of other embodiments and of being practiced

or of being carried out in various ways.
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DETAILED DESCRIPTION

[0015] Fig. 2 shows an exemplary vehicle 10 according to an embodiment of the
mvention. The vehicle 10 is a semi-tractor or other similar vehicle {e.g., straight truck, van,
etc.) that is used to transport cargo stored in a cargo compartment (e.g., a container, a trailer,
etc.) to one or more destinations. Hereinafter, the term “vehicle” shall be used to represent
all such tractors and trucks, and shall not be construed to limit the invention’s application

solely to a tractor in a tractor-trailer combination.

{0016} The vehicle 10 includes a frame 15, wheels 20, a prime mover or primary engine
25, and a primary alternator or direct current (“DC”) generator 30. The wheels 20 are
rotatably coupled to the frame 15 to permit movement of the vehicle 10. The primary
alternator 30 is coupled to the primary engine 25 so that mechanical energy produced by the
primary engine 25 can be converted into electrical energy, or electricity. The primary

alternator 30 is well known in the art.

[{0017] The primary engine 25 1s coupled to the frame 15 and is disposed in a
compartment 35 that is located adjacent a forward end of the vehicle 10. The primary engine
25 is operable i a first mode and a second mode, and includes an on state and an off state.
The first mode corresponds to the primary engine 25 being engaged so that the vehicle 10 can
be driven. The first mode further corresponds to when the primary engine 25 is idling (e.g.,
when the primary engine 25 is in the on state), but is not engaged so that the operator can
drive the vehicle 10). In other words, the primary engine 25 is operable in the first mode

when the primary engine 25 is in the on state.

[0018] The primary engine 25 1s in the second mode during standby operation of the
vehicle 10 (e.g., when the vehicle 10 is parked, etc.). Generally, standby operation of the
vehicle 10 corresponds to the primary engine 25 being disengaged. In other words, the
primary engine 25 is operating in the second mode when the primary engine 25 in the off
state. The primary engine 25 is in communication with one or more of the wheels 20 to

power the wheels 20 when the vehicle 10 is in the first mode.

[0019] With continued reference to Fig. 2, the vehicle 10 also inclodes a cabin 40, a
primary air conditioning system 45, a secondary or auxiliary air conditioning system 50, and

an auxiliary power unit 55. The cabin 40 is supported on the frame 15 rearward of the
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compartment 35 and defines a space 60. The space 60 can be divided by a partition (not
shown) into a driving portion and a sleeping portion, or the space 60 can be a single space
without a partition. The primary air conditioning system 45 is coupled to the vehicle 10 and
is in communication with the cabin 40 to condition the space 60 when the vehicle 10 is in the

first mode. The primary air conditioning system 45 is well known 1n the art.

[0020] The auxiliary air conditioning system 50 also is coupled to the vehicle 10 and 1s in
communication with the cabin 40 to condition the space 60 when the vehicle 10 is in the
second mode. The auxiliary air conditioning system 50 is separately operable from the
primary air conditioning system 45 to condition air within the cabin 40 using a cooling

system and a heating system (not shown).

[0021] The cooling system includes an evaporator 70 in communication with the space 60
(e.g., installed under a bunk (not shown) in the cabin 40, or another convenient location), a
compressor 75, a condenser 80, and refrigerant or coolant that flows through the evaporator
70, the compressor 75, and the condenser 80 to provide cooling air to the cabin 40. The
condenser 80 can be located anywhere on the vehicle 10 (e.g., on the outside of the cabin 40),
and can include a fan (not shown) to assist with transferring heat from refrigerant in the
condenser 80 to the atmosphere by directing air over the condenser 80. The cooling system

also can include other components.

[6022] The compressor 75 has a compressor load capacity that is defined by the
maximum compression output of the compressor 75. The compressor 75 has an off state in
which the compressor 75 has no load (i.e., the compressor 75 has not been energized), and an
on state in which the compressor 75 defines a compressor load (i.e., the compressor 75 has
been energized). Also, when the compressor 75 is in the on state, the compressor 75 has a
startup mode defining a startup or transient peak load (e.g., approximately 5 horsepower or
3.7 kilowatts) and a steady state mode defining a steady state load (e.g., approximately 3

horsepower or 2.2 kilowatts).

[0023] Referring to Fig. 2, the auxiliary power unit 55 is coupled to the vehicle 10 and
defines a unitary secondary power unit that can be used when the vehicle 10 is in the second
mode. The primary engine 25 and the auxiliary power unit 55 can be fluidly connected to the

same or different coolant system (not shown) and fuel system (including fuel reservoir).
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[0024] The auxiliary power unit 55 includes a secondary or auxiliary engine 85 and a
secondary or auxiliary alternator 90 for the vehicle 10. The auxiliary engine 85 is disposed in
a compartment 95 of the auxiliary power unit 55 and has an off state and on state (i.e., when
the primary engine 25 is in the second mode). The auxiliary engine 85 has an off state and
an on state and provides a predetermined power output (e.g., approximately 7 horsepower or
5.1 kilowatts). The auxiliary engine 85 is in the off state when the primary engine 25 is in the
first mode, and can be in the on state when the primary engine 25 1s in the second mode. The
compressor 75 is mechanically coupled to the auxihary engine 85 to provide cooling air to
the cabin 40 when the compressor 75 is energized (i.e., when the auxiliary engine 85 and the

compressor 75 are in their respective on states).

[0025] The auxiliary alternator 90 is mechanically coupled (e.g., via a belt) to the
auxiliary engine 85 and converts the mechanical energy from the auxiliary engine 85 to
electrical power. The auxiliary alternator 90 has an alternator load capacity (e.g.,
approximately 4 horsepower or 2.9 kilowatts) that is defined by the maximum power output
of the alternator. At any given time when the auxiliary alternator 90 is energized, the
auxiliary alternator 90 defines an alternator load that is based on the electrical components of
the vehicle 10 being powered by the electricity generated by the auxiliary alternator 90.
Generally, the auxiliary alternator 90 has a startup mode in which the alternator load ramps
up from a zero load, and a steady state load in which the alternator 90 has a load up to the

alternator load capacity.

[{0026] Fig. 2 shows that an electrical storage system 100 is in electrical communication
with the primary alternator 30 and the auxiliary alternator 90. The electrical storage system
100 includes one or more batteries 102 that receive electrical energy from the primary and
auxiliary alternators 30, 90 and that power electrical components of the vehicle 10 (e.g., the
primary air conditioning system 45, lamps, radio, etc.). When the primary engine 25 1s
engaged, the primary engine 25 provides a charge to the electrical storage system 100
through the primary alternator 30. When the vehicle 10 is in the second mode (i.e., the
primary engine 25 is disengaged) and the auxiliary power unit 55 is engaged, the auxiliary
engine 85 provides a charge to the electrical storage system 100 via the auxiliary alternator
90. The electrical storage system 100 discharges electrical power to electrical components of
the vehicle 10 that are on when the primary engine 25 is in the second mode and the auxiliary

power unit 55 is off.
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{0027] Figs. 2 and 3 show a control system 105 that is in communication with the vehicle
10. The illustrated control system 105 includes a controller 110 {(e.g., with a microprocessor)
and a plurality of sensors that communicate signals indicative of parameters of the vehicle 10
(e.g., temperature, pressure, fan speed, switch positions, loss of power, on/off state of the
primary engine and the auxiliary power unit 55, etc.) to the microprocessor. Generally, the
sensors are in communication with several subsystems of the vehicle 10 such as the primary
engine 25, the primary air conditioning system 45, the auxiliary air conditioning system 50,
the electrical storage system 100, and the auxiliary power unit 55 to sense various parameters
associated with the respective sub-systems. The controller 110 is in communication with
these sub-systems and the sensors to control operation of the sub-systems in response to the

signals from the sensors.

{0028] For example, a first sensor 115 is in communication with the compressor 75 to
detect a compressor parameter and to transmit a signal indicative of the compressor
parameter to the microprocessor. Generally, the compressor parameter includes one or more
conditions of the compressor 75, including the compressor load, whether the compressor 75
is in the off state or the on state, whether the compressor 75 is in the startup mode or the

steady state mode, and whether there is an increase or decrease in the compressor load.

[0029] A second sensor 120 is in communication with the auxiliary alternator 90 to
determine the alternator load and to transmit a signal indicative of the auxiliary alternator
load to the microprocessor. A third sensor 125 is in communication with the auxiliary power
unit 55 and is operable to deliver a signal indicative of an auxiliary engine parameter to the
microprocessor. The auxiliary engine parameter includes conditions of the auxiliary power
unit 55, including whether the auxiliary engine 85 is in an on state or an off state. Additional
sensors, such as a cabin 40 sensor, an outdoor sensor (not shown), and other vehicle sensors,

may also be incorporated in the control system 105.

[0030] The controller 110 is in communication with the primary alternator 30 and the
auxiliary power unit 55 and controls the auxiliary air conditioning system 50 and the
auxiliary power unit 55. In particular, Figs. 3 and 4 illustrate exemplary control logic that is
programmed into the control system 105 to control how the auxiliary alternator load and the
compressor load are applied to the auxiliary engine 85. Although not described, the control

system 105 can include additional control logic.
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[0031] The control logic discussed with reference to Figs. 3 and 4 1s applied to the
vehicle 10 with the auxiliary engine 85 having an exemplary predetermined power output of
approximately 7 horsepower or 5.1 kilowatts, the auxiliary alternator 90 having an exemplary
alternator load capacity of approximately 4 horsepower or 2.9 kilowatts, and the compressor
75 having an exemplary startup or transient peak load of approximately 5 horsepower or 3.7
kilowatts and an exemplary steady state load of approximately 3 horsepower or 2.2 kilowatts.
It will be appreciated that the predetermined power output of the auxiliary engine 85 can be
higher or lower than 7 horsepower, that the auxiliary alternator load capacity can be higher or
lower than 4 horsepower, that the compressor peak load can be higher or lower than 5
horsepower, and that the compressor steady state load can be higher or lower than 3

horsepower while staying within the scope of the invention.

[0032] Referring specifically to Fig. 3, the controller 110 determines the status of the
auxiliary engine 85 at step 200. In particular, the controller 110 determines whether the
auxiliary engine 85 is in the off state or the on state. Generally, the auxihary alternator load
1s applied to the auxiliary engine 85 a short time (e.g., 10 seconds) after the status of the
auxiliary engine 85 changes to the on state. At step 205, the controller 110 determines
whether the compressor 75 is energized. If “No,” the control process returns to step 200 to
continue monitoring the status of the auxiliary engine 85. If the controller 110 determines the
compressor 75 has been energized (i.e., “Yes” at step 205), the controller 110 decreases the
alternator load on the auxiliary engine 85 (step 210). For example, the controller 110 can
decrease the alternator load to a lower non-zero value or to a zero value to minimize the
increase of the load on the auxiliary engine 85 and so that the compressor 75 can achieve a
steady state load before the entire alternator and compressor loads are both applied to the

auxiliary engine 85.

[0033] At step 215, the controller 110 determines whether a predetermined time (e.g., 20
seconds, 30 seconds, 60 seconds, 2 minutes, etc.) has elapsed since the alternator load was
decreased. In some cases, the predetermined time can correspond to the time needed for the
compressor 75 to reach steady state load. If the predetermined time has not elapsed (i.e.,
“No” at step 215), the process continues to evaluate whether the predetermined time has
elapsed. When the predetermined time has elapsed (i.e., “Yes” at step 215), the controller
110 increases the alternator load on the auxiliary engine 85 back to the steady state or full

load at step 220.
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[0034] At step 225, the controller 110 determines whether the compressor 75 is de-
energized or disengaged (i.e., the compressor 75 is in the off state). If the controller 110
determines that the compressor 75 is not disengaged at step 225 (i.e., “No” at step 225), the
process continues to evaluate whether the compressor 75 has been disengaged. In some
cases, the compressor 75 being in the off state is indicative of the auxiliary air conditioning
system 50 being disengaged or off. In other cases, the air conditioning system 50 is still

operable when the compressor 75 is in the off state.

[0035] If the controller 110 determines that the compressor 75 1s disengaged at step 225
(i.e., “Yes” at step 225), the controller 110 continues to operate the auxiliary engine 85 in the
on or off state and the auxiliary alternator 90 up to the alternator load capacity as determined

by the requirements of the system. The process then returns to step 200 and repeats.

[0036] Fig. 4 illustrates an auxiliary power unit 55 load diagram of the auxiliary power
unit 55 incorporating the control logic of the control system 105 described with regard to Fig.
3. At time Ty, the auxiliary power unit 55 is started and the controller 110 determines
whether the compressor 75 is in the on state (corresponding to step 205 in Fig. 3). As
itlustrated, when the compressor 75 1s engaged (i.e., varied from the off state to the on state),
the controller 110 reduces the alternator load to a zero value before the compressor load
increases to the startup or transient peak load between time T, and time T; (e.g.,
approximately 3 seconds after time T,). Between time T, and time T» (e.g., approximately 60

seconds after time Ty), the compressor 75 achieves or substantially achieves steady state load.

[0037] At time T, the controller 110 increases or adds the auxiliary alternator load back
onto the auxiliary engine 85. As illustrated, the time T corresponds to the predetermined
time that has elapsed since the alternator load was decreased to zero. The time between time
T, and time T3 corresponds to the startup mode of the auxiliary alternator 90. At time T
(e.g., approximately 7-10 seconds after time T-), the alternator load returns to the full steady
state load such that the auxiliary alternator 90 can operate up to capacity. Thereafter, the
controller 110 operates the auxiliary power unit 55 up to capacity to accommodate the total
load on the auxiliary power unit 55 {e.g., corresponding to the total of the auxiliary alternator
load and the compressor load). As discussed and illustrated, the control system 105 operates
the auxiliary power unit 55 continuously from time Ty to time T; without exceeding the total

power output of the auxiliary engine 85.
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[{0038] The control system 105 reduces or eliminates the load of the auxiliary alternator
90 whenever the compressor 75 1s initially engaged, which reduces or removes the ability of
the auxiliary alternator 90 to provide power, for example, to the batteries (i.e., load the
auxiliary engine 85). After the predetermined time (i.e., time T, in Fig. 4 - after the
compressor 75 has achieved steady state load), the control system 105 permits the auxiliary
alternator 90 to operate at capacity to charge the batteries 102 and/or other electrical
equipment of the vehicle 10. Stated another way, the control system 105 temporarily sheds
the load on the auxiliary engine 85 to minimize the total load on the auxiliary engine 85 when
both the auxiliary alternator 90 and the compressor 75 are operating at the same time during
startup of the auxiliary air conditioning system 50. Applying the compressor load during
startup before or in lieu of the alternator load lowers the overall peak engine power

requirements of the auxiliary engine 85.

[0039] The alternator load can be applied and removed relative to the auxiliary engine 85
anytime while the auxiliary engine 85 is running to accommodate the compressor load being
applied to the auxiliary engine 85 when the compressor 75 changes from the off state to the
on state. In some constructions, the control system 105 applies and removes the auxiliary
alternator load relative to the auxiliary engine 85 in view of the state of the compressor 75
and also in view of the state of charge of the electrical storage system 100. By applying the
alternator load to the auxiliary engine 85 after the compressor load when the compressor 75 is
engaged, the overall load on the auxiliary engine 85 can be lowered to reduce engine
emissions and to minimize the amount of power output needed by the auxiliary engine 85 to

provide power to the vehicle 10.

[0040] Various features and advantages of the invention are set forth in the following

claims.

10



What is claimed is:

1. A method of controlling an auxiliary power unit of a vehicle, the auxiliary power unit
in communication with an air conditioning system of the vehicle and including an engine and
an alternator coupled to the engine, the method comprising:

determining a state of a compréssor of the air conditioning system, the compressor
including an off state and an on state;

reducing an alternator load relative to the engine in response to the compressor being
varied from the off state to the on state;

increasing the alternator load relative to the engine after a predetermined time
interval; and

simultaneously operating the alternator up to an alternator load capacity and the

compressor up to a compressor load capacity.

2. The method of claim 1, wherein reducing the alternator load includes removing the

alternator load from the engine.

3. The method of claim 1 or 2, further comprising operating the alternator up to the

alternator load capacity when the compressor is in the off state.

4, The method of any one of claims 1 to 3, further comprising selectively charging an
electrical power storage system of the vehicle via the engine when the compressor is in the
off state.

5. The method of claim 4, further comprising selectively charging the electrical power

storage system after the predetermined time interval.

6. The method of claim 4 or 5, further comprising disconnecting the electrical power
storage system from the engine in response to the compressor being varied from the off state

to the on state.
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7. The method of claim 1, further comprising
starting the engine; and
delaying the determination step until expiration of a second predetermined time

Interval.

g. A control system for a vehicle including a primary engine and a cabin defining a
space, the control system comprising:

an auxiliary power unit including an auxiliary engine, an alternator operatively
coupled to the auxiliary engine and having an alternator load, and at least a portion of an air
conditioning system having an evaporator positionable in communication with the cabin to
condition the space with an airflow and a compressor fluidly connected to the evaporator and
operatively connected to the auxiliary engine; and

a.controller selectively operating the auxiliary engine, the alternator, and the
compressor when the primary engine is shutdown, the controller programmed to detect a
compressor parameter and to reduce the alternator load relative to the auxiliary engine in
response to the detected compressor parameter, the controller further programmed to increase
the alternator load relative to the auxiliary engine after a predetermined time interval and to
simultaneously operate the alternator up to an alternator load capacity and the compressor up

to a compressor load capacity.

9. The control system of claim 8, wherein the compressor parameter includes the

compressor being varied from an off state to an on state.

10. The control system of claim 9, wherein the controller is programmed to remove the
alternator load from the auxiliary engine in response to the compressor being varied from the

off state to the on state.

11.  The control system of claim 10, wherein the auxiliary engine is in communication
with an electrical power storage system of the vehicle via the alternator to selectively charge
the electrical power storage system, and wherein the electrical power storage system is
disconnected from the auxiliary engine in response to the compressor being varied from the

off state to the on state.
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12. The control system of claim 11, wherein the clectrical power storage system remains

disconnected from the auxiliary engine during the predetermined time interval.

13.  The control system of claim 11 or 12, wherein the electrical power storage system is

reconnected to the auxiliary engine after the predetermined time interval.

14. The control system of any one of claims 8 to 13, wherein the controller is
programmed to selectively activate the auxiliary power unit when the primary engine is

shutdown.

15.  The control system of any one of claims 8 to 14, wherein the auxiliary engine has a
load capacity approximately equal to the combined load of the alternator at the alternator load

capacity and the compressor at the compressor load capacity.

16. The control system of claim 15, wherein the compressor load capacity corresponds to

the maximum load of the compressor when the compressor is in a steady-state mode.

17. A method of controlling an auxiliary power unit of a vehicle, the auxiliary power unit
in communication with an air conditioning of the vehicle and including an engine and an
alternator coupled to the engine, the method comprising:

determining a state of a compressor of the air conditioning system, the compressor
having an off state and an on state, the on state defined by a startup mode and a steady-state
mode;

shedding an alternator load relative to the engine in response to the compressor in the
startup mode;

restoring the alternator load relative to the engine in response to the compressor being
varied from the startup mode to the steady-state mode; and

operating the alternator up to an alternator load capacity and the compressor up to a

compressor load capacity.

18.  The method of claim 17, wherein shedding the alternator load includes removing the

alternator load from the engine.
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19.  The method of claim 17 or 18, further comprising selectively charging an electrical
power storage system of the vehicle via the engine when the compressor is in the off state and

when the compressor is in the steady-state mode.

20. The method of claim 19, further comprising disconnecting the electrical power

storage system from the engine in response to the compressor being in the startup mode.
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