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HYBRID-POWER TRANGSPORT REFRIGERATION SYSTEMS

BACKGROUND

{1011 The zubject patter disclosed berein generally relotes to refrigeration systons for
vehicles and, more particularly, o power management of transport refrigeration systems for
vehicles.

100021 Refrigeration systems for vehicles may be configured with cooling sysiems,
such as cooling units, that are sct up for providing cooling within 3 cargo space. Transport
refrigeration s typically based on vapor compression coobing oveles operated by a diesel engine
cither through a motor/generator set or directly with a belt drive. The compressor speed Is
determiined by the generator or motor speed (e.g., belt drive). In other configarations, cooling

may be provided using divect evaporation of Hguid carbon dioxide or mitrogen.

SUMMARY

{00031 According 1o some enbodiments, hvbrid-power transpont refrigeration systems
are provided, The hyvbridepower transport rofrigeration systems include 8 fixed-gpeed
generator, o refrigeration compressor, & power bus electrically connigcting the fixed-speed
generator to the refrigeration compressor, ai energy storage dovice clectrically conneeted to
the power bus and arranged t© reecive power from the fixed-speed generator in an ongine-
operation mode and o supply power fo the refrigeration compressor i a batiery-operation
mode, and a DCAAC variable frequency drive clectrically comnected between the energy storage
device and the refrigeration compressor to convert a DC power supply from the energy storage
device to 8 variable frequency power o drive the compressor when in the battery-operation
mode.

{0004} In addition to one or more of the featurcs described above, or as an alternative,
further embodiments of the hybrid-power transport refrigeration systerns may include that the
DCAC variable frequeney drive comprises an AGDU converter and a storage dovice
controller, whereln when in the engine-operation mode, the storage device confroller 15
configured to convert power from the fixed-speed generator and store power in the energy
stovage device.

{0003} In addition to one or nore of the features described above, or as an slternative,

furtlier embodiments of the hybrid-power transport refrigeration systams may include that the
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storage device controller is further configured to reverse the AGDC converter to a DCAC
converter amd supply power {0 the refrigeration conyyessor.

{00061 In addition to onc or more of the features desenbed above, or as an alternative,
further embodiments of the hybrid-power transport refrigeration systems may include a system
controller in comnmuemication with at {east one of the fixed-speed generator and the DC/AC
variable frequency drive.

100071 In addition to one or more of the fostures described above, or as an altermative,
further embodiments of the hvbrid-power transpont refrigeraion systens may include a
commugications bus enabbing communication between the system controller and the at least
one of the fixed-speed generator and the DC/AC vaniable frequency drive.

{H00RT In addition to one or more of the features deseribed above, or as an alternative,
further embodiments of the hybrid-power transport vefrigeration systems may inchsde at least
one additional load electrically comnected to the fixed-speed generatow and arranged to be
driven by power from the fixed-speed generator,

{00091 In addition to one or more of the features desenibed above, or as an alternative,
further embodimets of the hylbrid-pover transport refrigeration systoms may nchode the at
Ieast one additional Ioad s a refrigeration fan

{06010} by addition to one or more of the features deseribed above, or as an alternative,
further embodiments of the hybod-power transport refrigeration systems may inclade a
position locator clement amanged to detect a position of the hybrid-power {ransport
refrigeration system, wherein the hattery-operation mode is based on the deteeted position.

{00111 In addition to one or more of the features described above, or as an alternative,
further embodiments of the hybrid-power wansport refrigeration systems may include an
ayxiliary power svstem arranged o supply power to the power bus from an guxiliary powst
source.

{00127 In additton to one or more of the featwres desertbed above, or as an altemative,
further embodiments of the hybrid-power transport refrigeration svstems may inclode the
auxiltary power sourcc is grid power.

{00131 In addition to one or more of the festures described above, Or as an altermative,
further embodiments of the hybrid-power transport vefrigeration systens may elude the
caginc-operation mode is 3 mode of operation wherein fle fixed-spoed gencrator 1s on and
operated and the hattery-operation made is ermployed whon the fixed-speed generator ts off and

P

shut doswn,
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{0014} In addition to one or more of the foatures described above, or as an altermative,
further embodiments of the hybrid-power transport refrigeration systems may include the
refiigeration compressor is a varable speed compressor,

{00131 According to some emthodiments, methods of operating transport refrigeration
syatemss ave provided. The methods include operating o fixed-speed generator to power a
refrigeration compressor throagh a power bus electrically connecting the fixed-speed generator
1o the refrigeration compressor, storing power in an encrgy storage device that is elecirically
connected 1o the power bus and arranged to receive power from the fixed-speed generator in
an engine-operation mode and to supply power to the refrigeration compressor in a batiery-
operation mode, and converting a DU power stored m the enerpgy storage device to a variable
frequency AC power to drive the compressor when in 3 batterv-operation mode using 2 DC/AC
variable frequency drive electrically connected between the energy storage device and the
refrigeration compressor, wherein the battery-operation mode is used when the fixed-speed
generator is off,

{00167 In addition to one or more of the features desenibed above, or as an alternative,
farther smbodinments of the methods may nclude that the DCAU vanable frequency drive
comprises an ACDC converter and a storage deviee controller. The methods firther including
comvertmy power from the fixed-speed generator to store power i the energy storage devies
when in the engine-operation mode.

{3171 In addition to one or more of the features deseribed above, or as an aliemative,
firther embodinients of the metbods may include reversing the ACDC converter to a DC/AC
inverter and supplying power to the refrigeration compressor.

{00181 In addition to one or more of the features described above, or as an altermative,
further embodiments of the methods may welude supplving power to at least one addiional
toad that i electrically connected to the fixed-speed generator and arranged to be driven by
power from the fixed-speed generator.

{3191 In addition to one or more of the features deseribed above, or as an aliemative,
further embodiments of the methods may inciade that the at least one additional load 15 a fan.

{00201 In addition to one or more of the features described above, or as an altermative,
further embodiments of the methods may inclode detecting a position of the hybrd-power
transport refrigeration system using a position locator clement, wherein use of the battery-

operation mode 13 based on the detected postiton.
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{00211 In addition to one or more of the foatures described above, or as an altermative,
further embodiments of the methods may include supplying power from an auxiliary power
system source to the power bus,

{00227 In addition to ong or more of the featwres desertbed above, or as an altemative,
further embodiments of the methods may include that the auxdhary power source is grid power.

{00231 In addition o one or more of the features deseribed above, or as an alternative,
further embodiments of the methods may nclude that the engine-operation mode is a mode of
operation wherein the fixed-speed generator is on and operated and the battery-operaton mode
is ermploved when the fixed-speed generator 1s off and shut down.

{0024} In addition to one or more of the fratures described above, or as an alternative,
further embodiments of the methods may inchude that the refrigeration compressor is @ variahle
speed compressor.

{00281 The foregoing featares and elements may be combined in various combinations
without exclusivity, unless expressly indicated otherwise. These features and clements as well
as the operation thercof will become more apparent in hght of the following deseription and
the accompanying drawhigs. It shondd be understood, however, that the following deseription

and drawings are intended to be iHastmative and explanatory in nature and non-Hiniting.

BRIEF DESCRIPTION OF THE DRAWINGS

{261 The subject matter iy particularty poinded out and distinetly claimed at the
conclusion of the speeification. The fovepning and other features, and advantages of the present
disclosure are apparent from the following detatfed description taken in conjunction with the
gecompanying drawings in which:

[0027] FR3 TA w a schomatie view of a tuek-tratler system including a box or
enclosure having a cooling unit and & cargo compartment that can employ embaodiments of the
present disclosure;

{00281 FIG. 1B i3 a detatled schematic ifhustration of the cooling unit of FIG. 1A;

{00291 FIG. 2 15 a schomatic diagram of a refrigeration systony in accordance with an
embodiment of the present disclosure; and

{00341 FIG. 3 is a flow process for operating 8 trausport refrigeration system in

accordance with an embodiment of the present disclosure.
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DETAILED DESCRIPTION

{0031} Shown in FIG. 1A is 2 schematic of an smbodiment of an enclosure system 100
having an enclosure 106 as part of a fratler. The enclosure system 104 melades a tactor 102
nctoding an operstor’s compartment or cab 104 and also nclading an engine, which acts as
the drive system of the enclosure system 1. The enclosure 106 is coupled to the tractor 112,
In the present dHlustration, the enclosure 106 ix a reftigerated wratler and inchides a top wall 108,
a directly opposed bottom wall 110, opposed side walls 112, and a fromt wall 114, with the
front wall 114 being closest to the tractor 102, the walls 108, 110, 112, 114 defining an enclosed
volume 107, The enclosure 106 farther inchudes a door or doors (not shovwn) at a rear wall 116,
oppasite the front wall 114, cnabling openable accesy to the enclosed vohnme 107, The walls
of the enclosed volane 107 define a cargo space 117. The enclosed volame 107 is configured
to maintain 3 cargo 118 located inside the cargo space at 8 selected temperature through the
use of @ cooling anit 120 locaied on or next to the enclosed volume 107, The cooling unit 120,
as shown m FIG. 1A, 15 located at or attached to the front wall 114,

{00321 Referring now 1o FIG. 1B, the cooling unit 120 1s shown in more detml. The
couhing witt 120 includes & comprossor 122 a condenser 124 having @ condenser fan, an
expansion valve 126, an cvaporator 128, and an evaporator fan 130 The compressor 122 4
operably connected to g refinigeration engine 132 which drives the compressor 122, The
refrigeration internal combustion engine 132 1s connected to the compressor in one of several
ways, such as a direot shaft drive, a belt drive, one or more chutches, andfor via an ¢lectrical
penerator/niotor set. A refrigerant ine 123 fluidly connects the comoponents of the cooling wat
126

{00331 Awflow is cireulated into and through the cargo space of the enclosed volume
107 by means of the cooling unit 1200 A retem airflow 134 flows into the cooling wmit 120
from the cargo space of the enclosed vohune 107 through a cooling unit inlet 136, and across
the evaporator 128 via the evaporator fan 130, thus cooling the retwrn airflow 134 fo a selected
or predetermned temperature. The cooled retum airflow 134, now referred to as supply aurflow
138, is supplied into the cargo space of the enclosed velunie 107 through a cooling unit outlet
140, which in some embodiments is focated near the top wall 108 of the enclosed volume 107
The supply airflow 138 cools the cargo 118 i the cargo space of the enclosed vohume 107 1t
is to be appreciated that the cooling unit 120 can further be operated to warm the enclosed
volume 107 when, finr example, the outside temperaure is very low {e.g. in a heat punyp
operation). Those of skill in the art will appreciate that the airflow ndicated in FIG. 1B (e,

b
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134, 138} can be reversed without departing from the scope of the present disclosure, and the
tlustrated depiction of airflow/arrangement of cloments 1s not miended to be limiting,

{0034} The cooling unit 120 is posiftoned in 3 frame 142 and contained i an accessible
housing 144, with the frame 142 andfor the housing 144 secured to an exterior side of the front
wall 114 such that the cooling anit 120 is positioned betweert the front wall 114 and the tractor
12, as shown in FIG. 1AL

{00357 The cooling unit 120 includes a power comiector 146, Power connector [46 may
be configured to receive a plug or other wired connection to supply electrical power to the
caoling unit 120, When the encloswre system 1080 15 bocated at a port, loaded on a ship, attached
0 a tractor, ofe., a power supply (not shown} may be connected o the power connector 146,
When the enclosed volume 107 1s moved from one {ocation to another, the power connector
146 may be required to be disconnected from 8 power source such that the enclosed vohane
H¥7 15 not physically connected o or wired to a power source, enabling freedom of movement
of the enclosed volume 107, In some embodiments the power source include, but is not limited
10, grid power, engine supplied power, auxiliary power unit power, ete.

{00361 It will be apprecisted by those of skill fn the art that the systons and
configurations of FIGS, 1A and 1B are mercly schematic examples and are provided for
lustrative amd descriptive purposes ondy. The disclosure is not Hmited thereby. For example,
although a tractor-trailer configuration is shown, systoms as described herein may be emploved
in other container configurations, in various fruck configurations, andior in other systoms and
configurations. Further, as will be appreciated by those of skill in the art, the containey and
cargo space of various embodiments may be configured as a sea contamer, and thus may be
configured to stack with other containers and be shipped on a shipping vessel.

{0037} Transpot refrigeration, sich as shown i FIGS, 1A-18, s typleally based on
vapor conpression cooling cveles operated by a dicsel engine cither through & motor/generator
set or directly with a belt drive. The compressor speed is determined by the generator frequency
{e.g., clectric drive} or engine speed {e.g., mechanical drive}. As will be appreciated by those
of skill in the art, the engine mwust be operated to provide the power to drive the refrigeration
anit. However, it may be beneficial to have refrigeration svstems that can be operated when the
divsel engdne is off or shut down {e.g., it areas with noise or enussions resrictions}.

{0038} Accomrdingly, bybridized transport refrigeration units m accordance with
embodiments of the present disclosure enable operation of a refnigeration wut, cven when a
diesel engine 1s shut down. In accordance with embodiments of the present disclosure, a battery

)
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iz added 1o the system to allow the compressor to un even when the diesel engine is shit down,
The battery 18 charged when the engine 13 on and the compressor is drawmg fess than full
power. This iz advantageous because the engine can operate at bigher average power, thus
nproving specific fuel consumption,

{00391 Compressors can be fixed-speed or variable-speed. Although vanable-speed
compreasors may be preferable based on cooling capacity control, such compressors are
sometines not used, often duc to costs of variable~-frequency drive electronics (1.¢., fixed-speed
compressors are stmply cycled onfoff to control capacity). In a bybrid system, in accordance
with enmbodiments of the present discloswre, an AC compressor motor and fixed frequency
genergtor are connected by an AC bus. Adding a batery requires the use of an AC/DC
converter between the AC bus and the DC battery. Embodiments deseribed hervein are divected
to using the DCAAC function of the battery converter (o serve as a variable frequency drive
when the compressor i3 being operated from the battery rather thas the AC generator.
Advantageously, such arrangoment may be employed with g fixed-speed generator, and thus
require little mcremental cost o the converter and the compressor motor of waditional hybnd
sysioms,

{0040 Tuming now to FIG. 2, a schomatic diagram of a refrigeration systen 200 in
accordance with an embodiment of the present disclosure is shown, The refrigeration system
206 can be a transport refrigeration system that is incorporated into a tratler, containgr, or other
type of system, such as that shown and described above. The refrigeration system 200 includes
a peperator, such as a Hxed-speed penerator 202 that s arranged to drive a refrigeration
compressor 204 andfor other loads 206 {e.z., fan(s), ote). Various other components of the
refrigeration system 200 are not shown for simplicity.

{60411 The fixed-speed generator 202 is cleetrically connected to the refrigeration
compressor 204 and the other loads 206 by a power bus 208 that 1s arranged to distribute
clectricity to the refrigeration compressor 204 and the other loads 206, The fixed-speed
gonerator 202 supplies a fixed frequency power supply to the refvigeration compressor 204
which cycles on and off to deliver a desired cooling capacity. In a traditional (non-bybrnid} fixed
speed system the compressor motor 18 not rated for inverter use to cut cost. However, a
hybridized fixed speed system will requive an inverter-rated motor because of the need fora
DC/AC inverter when the battery is in use.

{0042} The fixed-speed generator 202 can be controlled by a systom controlier 210 tha
is in comnunication with the fixed-speed generator 202 {or a generator controller 213). The

)
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system controller 210 may be in comnmnication with the loads 206 divectly or through one or
more load controlers 214, The systom controller 210 is in communication with the other
components along a communtcations bus 216, When the fixed-speed generator 202 1s running,
power can be supplied to the refrigeration compressor 204 along the power bus 208, as
schematicalty shown as engine-operation mode 218

{00431 Ag shown, the refrigeration system 208 also inclades @ power storage device
220, The power storage device 220 15 a battery or sinular energy sink that can be used to supply
power along the power bus 208 to one or more components electrically connected thereto,
including, but not bouited to, the refrigeration compressor 204 andfor the other loads 206, The
power storage device 228 s a DC oad device and thas supplies DC power. However, those of
skall i the art will appreciate that one or more components, including, but not limited to, the
refrigeration compressor 204 and/or the other loads 206 may require AC power to operate.
Accordingly, an AC/DC converter 222 is arranged between the power storage device 220 and
the power bus 208, The device controller 210, as shown, is operably comnected 1o andfor in
communication with one or both of the power storage device 220 andior 3 storage device
controfler 224, As shown, the storagy device controlier 224 15 operably contwcted o the
communivations bus 216 and thus can be controlled by the sysiem controdler 210 andlor receive
mstructions from andfor provide data or information to the system controdler 210, The power
storage device 224 s clectrically connected to the power bus 208 and can recelve power from
andfor supply power to the power bus 208,

{00441 In the engine-operation mode 218, as schematically shown, the power storage
device 220 will vecetve power from the fixed-speed generator 202, The AC/DU converter 222
and storage device controller 224 ave configured to receive AC power from the fixed-speed
generator 202 through the power buy 208 and rectify the power to DC to charge or store thi
power in the power storage device 220,

{00457 At umes, 1t may be advantageous to shat down the fixed-speed generator 202,
Drring such times, the refrigeration compressor 204 may not be able to be run, ax i doesn™t
recetve power from the fixed-speed generator 202, Accordingly, in accordance with
embodiments of the present disclosure, and as shown, the refrigerstion system 200 can be
operated i a battery-operation mode 226, which schematically Hostrates power from the
power storage device 220 flowmmg from the AC/DC converter 222 to the refrigeration
cornpressor 204, In such operation the AC/DC converter 222 and storage device controller 224
become a DC/AC mverter 230, A fixed frequency mverter containg various components {o

¥
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enable a vaneble frequency drive, but lacks & controlier to vary ap outlet waveform, so It is
advantageous to operate the DOC/AC inverter 230 as g variahie frequency drive when the battery
is used. The fimetion of the ACRC converter 222 and storage device comtrolier 224 reverses
whoen the fixed-apeed generator 242 18 shut down 30 that power can be continuoasly supphied
to the refrigerstion compressor 204,

{0461 Even though the energy storage device 220 supplies DU power, the AL/DC
converter 222 and storage device controlier 224 are amranged to supply a variable frequency
power to the refnigeration compressor 204, with the ACDC converter 222 and storage device
controller 224 arranged to enable a vanable speed operation of the refngeraton compressor
204 through the conversion using the AC/DC converter 222 and storage device controller 224,
Thus, a lower cost system having a fixed-speed generator 202 can be arranged with power
storage 0 be used when the fixed-speed gencerator 202 is shut down, and also provide the
efficiencies and benefits of a vartable-specd systent during batiery operation.

{00471 As shown, an optional auxiliary power systern 228 can be provided, as will be
appreciated by those of skill in the art. The awxiliary power system 228 is 8 system that enables
power supply from an auxiliary power sowree. For example, the sexiliary poivsr-systom 228
can be a phagin system that can connect to grid power. The auiliary power system 228 can
mclude various controdlers or other clements as will be appreciated by those of skillin the art.

{00481 Turning now to FIG. 3, a flow process 300 in accordance with an embodiment
of the present disclosure is shown. The How process 300 Is a method of operating a transport
refrigeration systent. The flow process 300 can be performed with one or more clectrical
componcnts including controHers, processors, memory, cic. as will be appreciated by those of
skill in the art. The flow process 300 can be performed by various components, either
mdividually or collectively, such gs, for cxample, the svstem controller 210 andfor the storags
device controtler 224 shown in FIG. 2.

{00497 At block 302, the carrent mode of operation s determined. The system may
deterniine if 8 fixed-speed generator is currently operational {v.g., on stated. When the fixed-
speed gonerator is on and operating, the process determines that the systont is in an eogine-
operation mode. T such a mode of operation, power from the fixed-speed generator is used to
power and/or dvive a refrigeration compressor, and other components.

{0030} For example, as shown at blocks 304-306, power from the fixed-speed generator
is used to charge the energy storage device (block 304) and drive a compressor {block 306}
RBlocks 304-306 can be porformed ssmultascously from the power generated by the fixed-specd
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generator. In sech operational mode, the power from the fixed-spred generator ean be wsed to
power other loads within the refrigeration system (e.g., fans, efe. ). At block 304, the charging
of the encrgy storage device is achioved using an AC/DC converter.

{00511 |, at block 302, 1t is determined that the engive (g fixed-speed generator) is
oft, the system determines that battery-operation mode should be enploved. Thus, the flow
process contimees o block 308 where power is supplied from the encrgy storage device to, at
feast, the compressor, with the power being variable frequency power. That s, a controller of
the energy storage device converts into a DO/AC variable frequency deive when i the battery-
operation mode. Accordingly, a battery or other energy storage devies can be provide variable
frequency power from a direct cutrent power sowree, without substantial alteration to fraditional
refrigeration systems.

{00521 In some embodiments, the flow process can be wiggered by a change in mode
of operation, For example, when the engine-operatiom mode stops {e.g., engine/motor shuts
off), the system can be arranged to sutomatically switch over to the battery-operation mode,
Thus, the state of the engme will mgger the battery~operation mode.

{00537 Further, inosome sobodiments, the controller (e g, storage device controliar
224, system controller 210, or other controller in a system in accordance with erbodiments of
the present disclosure} caninclude various conputer components mehuding, but not himited to,
a postiion locator ¢lement or other posttion/ocation clement/component (e.g., GPS) As noted
above, an advantage of hybridization is the ability to shut off a dicscl engine i cities or other
quiet zones that may be designated by regulation, cte. Tn soime non-luniting cmbodiments, the
use of a poswion locator {e.g., OPS locator, Wi-Fi location, et} may be emploved to
automatically switch frony generator to battery when certain predesignated zones are entered,
thus automatically avoiding anyv infractions.

{0034} Further, although described specifically with respect to the engine/motor being
shut off and then operating in battery mode, such use in accordance with embodiments of the
mesent disclosre 18 not only advantageous for quiet zones. For example, embodiments
provided herein can be emploved to save fuel, such as when a required capacity is low, and
thus more efficient o run m battery mode as compared to engine mode of operation.

{00551 Advantageously, embodiments described herein provide hybrid tramsport
refiigeration cyeles in systems baving fixed-speed gonerators and a power sapply system with
an ACDC converter/controller arranged to supply vanable specdifrequency power to a
compressor to be operated when the fixed-speed generator is shut down. Advantageously, such

14
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hybrid system can achicve better efficiency in contimeous operation as compared to traditional
systems. Variable speed operation of the compressor under any part-load conditions ean also
result in bettor refrigeration cycle efficiency. Configuring the AG/DC converter to also serve
as a DC/AC vanable frequency drive enables both efficiency advantages with bittde to no
additional cost to traditional systems.

{00561 While the present discloswre has been described in detail in connection with
only a houted number of ombodiments, # should be readily understood that the present
disclosure 15 not limited to such disclosed embodiments. Rather, the present disclosure can be
modified 1o incarporate any namber of vagiations, alierations, substitutions, combinations, sub-
combinations, or equivalent arrangements not heretofore descrtbed, but which ae
commensurate with the spivit and scope of the present disclosure. Additionally, while various
embodiments of the present disclosure have been deseribed, # s to be understood that aspects
of the present disclosure may inchude only some of the desertbed embodiments.

1005871 Accordingly, the present disclosure is not to be seen as linited by the foregoing

description, but is only hymted by the scope of the appended claims.

11
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What is claimed is:

i. A hybrid-power transport refrigeration system conyising:

a fixed-speed generator;

a refrigeration compressor;

a power bus electrically connecting the fixed-speed generator to the refrigeration
CORIPICISOT,

an energy storage device electrically conngcted to the power bus and armnged 1o receive
power from the fixed-speed gencrator in an engine-operation mode and 1o supply power 0 the
refrigeration compressor in a battery-operation mode; and

a DCAAL varable frequency drive elecirically connected between the energy stovape
device and the refrigeration compressor to convert a DO power supply from the energy storage
device to a variable frequency power fo drive the compressor when in the battery-operation
mode.

2. The hybnid-power transport refrigeration systentof claim 1, wherein the DC/AC
variable frequency drive conprises an AC/DUO converter and a stomge device controller,
wherein when it the enging-operation mode, the storage device controlier i configured to

convert power front the fixed-speed gensrator and store ponver In the saergy storage device.

3, The hvbrid-power transport refrigeration svstem of claim 2, wherein the storage
device controller is further configured to reverse the AGC/DC converter to a DC/AC converter

and supply power to the refrigeration comprossar.

4. The hybrid-power transport refrigeration systam of clatin 1, further covoprising
a systemn controller in conupumication with at least one of the fixedwspeed generator and the
DC/AC variable freguency drive.

5. The hybrid-power transport refrigeration system of clatm 4, further comprising
a communications bus enabling communication between the system controlier and the at least
one of the fixed-speed generator and the DC/AC variable frequency drive,

6. The hybrid-power transport refrigeration system of claim 1, further comprising
at least one additional fead cleetrically connected to the fixed-speed generator and wranged fo
be driven by power from the fixed-speed generator.

7. The bvbrid-power transport refrigeration system of claim 1, further comprising
a position locator cloment arranged to detect a position of the hvbwidpower fransport

refiigeration system, wherein the battery-operation mode is based on the detected position.
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& The hybrid-power transport refrigeration system of claim 1, fucther comprising

an auxibiary power svstem arranged to supply power to the powsr bus from an auxiliary power

SOHICE,
4, The hybridepower transport refrigeration systems of claim 8, whereln the

apgifiary power soarce i3 grid power.

Hh The hybrid-power transport reftigeration system of claim 1, wherein the engine-
operation mode is 8 mode of operation wherein the fixed-speed generator is on and operated
and the battery-operation mode is employed when the fixed-speed generator is off and shat
down.

i1, The hybrid-power transport refrigeration system of claim {, wherein the
refrigeration compressor is a variable speed compressor.

12, A method of operating a transport refrigeration system, the method comprising:

operating a fixed-speed generator to power a refrigeration compressor through a power
bus clectrically connecting the fixed-speed generator to the refrigeration compressor;

storing power in an encrgy storage device that is electrically connected to the power
bus aud arvanged to roceive power from the Aixedesperd gencrator v an engine-operation wode
and to supply power fix the refrigeration compressor in a baltery-operation mode; and

converting a DO power stored i the energy storage device to a vanable frequency AC
power to drive the comprossor when in a batterv-operation mode using a DC/AC variable
frequency drive electrically connected between the energy storage device and the refrigeration
conywessor, wherein the battery-aperation mode i1s used whes the fixed-speed generator is off.

13, The method of claim 12, whercin the DCAC vanable frequency drive
comprises an AC/DC converter and a storage device controller, the method further comprising:

corverting power from the fxed-speed ponerator © store power in the cnergy storags
device when in the engine-operation mode.

4. The method of claim 13, further comprising:

reversing the ACTDC converter to a DCALD inverter; and

supplying power to the refrigeration compressor.

15, The method of claim 12, further comprising supplying power to at least one
additional load that is electrically comnected to the fixed-speed penerator and arranged to be

driven by power from the fixed-speed generator,
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16, The method of claim 12, firther comprising detecting a position of the hybnd-
power transport refrigeration system using a position lecator element, wherein use of the
battery-operation mode is based on the detected position.

17.  The method of claim 12, further comprising supplying power from an swaliary
power system souree to the power bus.

%, The method of claim 17, wherein the miliary power source is grid power,

19 The method of claim 12, wherein the engine-operation mode 18 a mode of
operation wherein the fixed-speed generator is on and operated and the battery-operaton mode
is ermploved when the fixed-speed generator 1s off and shut down.

20, The method of clatm 12, wherein the refrigeration compressor is a vartable

speed compressor.

14
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