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POWER DISTRIBUTION FOR END-POINT FAILURE DETECTIONND
RECOVERY FOR A TRANSPORT REFRIGERATION SYSTEM

TECHNICAL FIELD

[0001] The present disclosure relates to a method anémygir distributed
network of power supplies that group componentsthaf system by criticality,
ensuring primary and functionally redundant compiseare not powered by the
same power supply. More particularly, isolatingical and non-critical components
to ensure system operation should a given compoaergower supply become

inoperative.
BACKGROUND

[0002] A typical refrigerated shipping container, cargock or refrigerated
truck trailer, such as those utilized to transportargo via sea, rail or road, is a
container, truck, or trailer having a cargo commpart, modified to include a
refrigeration system located at one end of the aioat, truck, or trailer. The
refrigeration system includes a compressor, corefensxpansion valve and
evaporator serially connected by refrigerant linesa closed refrigerant circuit in
accord with known refrigerant vapor compressioney.c A power unit, which could
include an engine and/or an AC power system, drithes compressor of the
refrigeration system. In truck/trailer applicatothe power unit is typically diesel
powered, or in other applications natural gas pedein many container and/or
truck/trailer transport refrigeration systems, ttmmpressor is driven by the engine
shaft either through a belt drive or by a mechdngtaft-to-shaft link. In other
systems, the engine drives a generator that gexseeddctrical power, which in turn
drives the compressor. In container systems th@&poessor is driven directly by an
external power source, for example a 380/460VAC pdver system, though other

configurations are possible.

[0003] Manufacturers and operators of fleets of refrigetatcontainers,

refrigerated trucks, and refrigerated truck trailefesire to maximize operational
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efficiency of not only the refrigeration system tmf the container, truck, or tractor
trailer system as a whole. Moreover, operatioeatimess is critical to effective and
efficient operation. System downtime directly i profitability and results in
untimely deliveries as well as potential loss ofigiebles. In some instances, certain
faults of system components may lead to systenurtaitiue to cascading effects.
Avoiding system failures where possible ensureisiefit operation and avoids loses

as a consequence of such a failure.
BRIEF DESCRIPTION

[0004] According to one embodiment described herein istransport
refrigeration system including a method for faaltetant power management. The
system includes a first sensor identified as reguiior operation of the transport
refrigeration system and a second sensor operabke lzackup for the first sensor.
The system also includes a first power supply dggreonnected to the first sensor
and configured to operate the first sensor and arek power supply operably
connected to the second sensor and configured ¢catgpthe second sensor. The
system further includes a controller operably catee to at least the first power
supply as well as the first sensor and the secomeepsupply as well as the second
sensor, the controller configured to monitor atstethe first power supply and the
second power supply, if a fault is detected in fin& power supply, operate the

transport refrigeration system from the second@ens

[0005] In addition to one or more of the features desdribbove, or as an
alternative, further embodiments may include that first sensor is at least one of a
discharge pressure sensor, a flash tank pressoserseand an evaporator pressure

Sensor.

[0006] In addition to one or more of the features desdribbove, or as an
alternative, further embodiments may include thatgecond sensor is at least one of
a condenser pressure sensor, a mid-stage presger,sand a compressor suction

port pressure sensor.



100412US01 (U301490US)

[0007] In addition to one or more of the features descdribbove, or as an
alternative, further embodiments may include astiene of a fourth sensor and a
fifth sensor, the at least one of the fourth arel fitth sensor operably connected to

the first power supply.

[0008] In addition to one or more of the features descdribbove, or as an
alternative, further embodiments may include tha¢ast one of the fourth sensor and
the fifth sensor is at least one of a dischargssunee sensor, a flash tank pressure

sensor, and an evaporator pressure sensor.

[0009] In addition to one or more of the features desdribbove, or as an
alternative, further embodiments may include astlemne of a sixth sensor and a
seventh sensor, the at least one of the sixth sembthe seventh sensor operably

connected to the second power supply.

[0010] In addition to one or more of the features descdribbove, or as an
alternative, further embodiments may include astl@me of the sixth sensor and the
seventh sensor is at least one of a condenserupgessnsor, a mid-stage pressure

sensor, and a compressor suction port pressurersens

[0011] In addition to one or more of the features descdribbove, or as an
alternative, further embodiments may include that fault is detected in the second

power supply, operate the transport refrigeratymtesn from the first sensor.

[0012] In addition to one or more of the features describbove, or as an
alternative, further embodiments may include thiaé tthird power supply is

independent of the first power supply and the séqmwer supply.

[0013] In addition to one or more of the features describbove, or as an
alternative, further embodiments may include thae ftfirst power supply is

independent of the second power supply.

[0014] In addition to one or more of the features descdribbove, or as an
alternative, further embodiments may include asti@me of an evaporator fan and a

compressor operably connected to a source of AGGpow
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[0015] In addition to one or more of the features descdribbove, or as an
alternative, further embodiments may include thatsource of AC power includes an

engine and a generator.

[0016] Also described herein in an embodiment is a metbfoidult tolerant
power distribution for a transport refrigerations®m. The method including
identifying a first sensor as required for openatiof the transport refrigeration
system, identifying a second sensor operable lbackup for the first sensor, and
identifying a third sensor as not required for @pien of the transport refrigeration
system. The method also includes operating teedensor from a first power supply
operably connected to the first sensor, operatisgcand sensor from a second power
supply operably connected to the second sensompercting the third sensor from a
third power supply operably connected to the tsedsor. Furthermore, the method
includes monitoring at least the first power supghd the second power supply, the
first power supply as well as the first sensor #relsecond power supply as well as
the second sensor operably connected to a comtriblee fault is detected in the first

power supply, operating the transport refrigeratigstem from the second sensor.

[0017] In addition to one or more of the features describbove, or as an
alternative, further embodiments may include that first sensor is at least one of a
discharge pressure sensor, a flash tank pressoserseand an evaporator pressure

Sensor.

[0018] In addition to one or more of the features describbove, or as an
alternative, further embodiments may include thatsecond sensor is at least one of
a condenser pressure sensor, a mid-stage pressgersand a compressor suction

port pressure sensor.

[0019] In addition to one or more of the features describbove, or as an
alternative, further embodiments may include oplgrabnnecting at least one of a

fourth sensor and a fifth sensor to the first poswgiply.

[0020] In addition to one or more of the features descdribbove, or as an

alternative, further embodiments may include thaast one of the fourth sensor and
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the fifth sensor is at least one of a dischargssqune sensor, a flash tank pressure

sensor, and an evaporator pressure sensor.

[0021] In addition to one or more of the features describbove, or as an
alternative, further embodiments may include thideast one of a sixth sensor and a
seventh sensor, the at least one of the sixth semsbthe seventh sensor operably

connected to the second power supply.

[0022] In addition to one or more of the features describbove, or as an
alternative, further embodiments may include tlideast one of the sixth sensor and
the seventh sensor is at least one of a condersssyse sensor, a mid-stage pressure

sensor, and a compressor suction pressure sensor.

[0023] In addition to one or more of the features describbove, or as an
alternative, further embodiments may include that fault is detected in the second

power supply, operating the transport refrigeratigstem from the first sensor.

[0024] In addition to one or more of the features descdribbove, or as an
alternative, further embodiments may include thiag¢ tthird power supply is

independent of the first power supply and the segmwer supply.

[0025] In addition to one or more of the features descdribbove, or as an
alternative, further embodiments may include thae ffirst power supply is

independent of the second power supply.

[0026] Additional features and advantages are realizezligir the techniques
of the present disclosure. Other embodiments amects of the disclosure are
described in detail herein. For a better understandf the disclosure with the

advantages and the features, refer to the desgrigtid to the drawings.
BRIEF DESCRIPTION OF THE DRAWINGS

[0027] The foregoing and other features and advantagesnbbdiments are
apparent from the following detailed descriptiorkeia in conjunction with the

accompanying drawings in which:
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[0028] FIG. 1A depicts a container, truck or trailer tnao refrigeration

system and a cargo compartment in accordance wigmdodiment;

[0029] FIG. 1B is a perspective view of a refrigerated taorer having a

refrigeration unit integrated with the containeactordance with an embodiment;

[0030] FIG. 2 depicts a transport refrigeration systemaf@ontainer, truck, or

tractor trailer system of FIGs. 1A and 1B in aceorck with an embodiment;

[0031] FIG. 3 depicts a transport refrigeration power eyystin accordance

with an embodiment; and

[0032] FIG. 4 depicts a simplified schematic of a groupsehsor power

supplies in a transport refrigeration power sysie@ccordance with an embodiment;

[0033] FIG. 5 depicts an example of sensor signal segoegat accordance

with an embodiment; and

[0034] FIG. 6 is a flowchart of a process for power suppgnagement in the

transport refrigeration system in accordance witleabodiment.
DETAILED DESCRIPTION

[0035] In general, embodiments herein relate generallyota segregation
and power supply distribution to ensure a costcéiffe level of operability in the
aftermath of selected faults. In particular sefganaower supplies of the power
system provide for power for the system with seldcibads segregated to ensure
system operability or partial operability sufficterio enable an operator the
opportunity to obtain service if needed. In an ediiment selected loads are
segregated based on their system criticality. &l gbthe segregation being to ensure
that any given failure does not cause a systenetorbe inoperative. Moreover the
system will provide an intelligent diagnostics asated with the individual power
supplies to facilitate independent control. Suehaechitecture improves the function
of the system in various operating modes by inéngasfficiency and improving

system availability and reliability.
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[0036] For the purposes of promoting an understanding@ptinciples of the
present disclosure, reference will now be madé¢oetmbodiments illustrated in the
drawings, and specific language will be used tocdes the same. It will
nevertheless be understood that no limitation efsitope of this disclosure is thereby
intended. The following description is merely dttative in nature and is not
intended to limit the present disclosure, its amilon or uses. It should be
understood that throughout the drawings, corresppgneference numerals indicate
like or corresponding parts and features. As umdin, the term controller refers to
processing circuitry that may include an applicaspecific integrated circuit (ASIC),
an electronic circuit, an electronic processor @ta dedicated, or group) and
memory that executes one or more software or firmawmograms, a combinational
logic circuit, and/or other suitable interfaces aodmponents that provide the

described functionality.

[0037] Additionally, the term "exemplary" is used heremnnean "serving as
an example, instance or illustration." Any emboeiior design described herein as
"exemplary" is not necessarily to be construed e$epred or advantageous over
other embodiments or designs. The terms "at least and "one or more" are
understood to include any integer number greatem thr equal to one, i.e. one, two,
three, four, etc. The terms "a plurality" are wstieod to include any integer number
greater than or equal to two, i.e. two, three, féiue, etc. The term "connection” can

include an indirect "connection” and a direct "cection".

[0038] FIG. 1A is an embodiment of a tractor trailer syst€00. The tractor
trailer system 100 includes a tractor 102 includamgoperator’'s compartment or cab
104 and also including an engine, which acts asltive system of the tractor trailer
system 100. A trailer 106 is coupled to the tract62. The trailer 106 is a
refrigerated trailer 106 and includes a top walB,18 directly opposed bottom wall
110, opposed side walls 112, and a front wall M#h the front wall 114 being
closest to the tractor 102. The trailer 106 furiheludes a door or doors (not shown)
at a rear wall 116, opposite the front wall 114heTwalls of the trailer 106 define a

cargo compartment.
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[0039] The trailer 106 is configured to maintain a card® located inside the
cargo compartment at a selected temperature thrabhghuse of a transport
refrigeration system 120 located on the trailer.1U6e transport refrigeration system
120, as shown in FIG. 1A, is located at or attadbetie front wall 114.

[0040] Referring also to FIG. 1B, there is depicted aigefiated shipping
container, generally referenced 200, having a pamsefrigeration unit 220 attached
to or integrated with the structural frame of trentainer 200 at a front wall 212
thereof. The cargo container 200 has a box-likecgire formed of a forward or front
wall 212, a back or rear wall 214 spaced longitaliynfrom the forward wall 212, a
pair of opposed sidewalls 213 and 215 that extenditudinally between the forward
wall 212 and the rear wall 214, a roof panel 218 #xtends longitudinally between
an upper region of the forward wall 212 and an uppgion of the rear wall 214 and
that extends transversely between upper regiomiseofespective opposed side walls
213, 215, and a floor 217 that extends longitudyniaétween a lowermost region of
the forward wall 212 and a lowermost region of thar wall 214 and that extend
transversely between lowermost regions of the e opposed side walls 213,
215.

[0041] The box-like structure of the container 200 definesargo space 211
in which the bins, cartons or pallets of cargo B&thg transported are stacked on the
floor 218. The rear wall 214 is provided with onenwore doors (not shown) through
which access to the cargo space may be had foinpatie cargo 218 into the
container 200. When the doors are closed, a sulmbamir-tight, sealed cargo space
211 is established within the container 200 whickvpnts inside air from escaping
the cargo space 211. The container 200 is comthto maintain a cargo 218 located
inside the cargo space 211 at a selected tempertitough the use of a transport

refrigeration system 220 located on the contaiQéx. 2

[0042] Referring now to FIG. 2, the transport refrigeratgystem 120, 220 is
shown in more detail as may be employed in a tttailér configuration of FIG. 1A
or a transport container 200 of FIG 1B. The transpefrigeration system 120, 220

includes a compressor 122, a condenser 124, amsppavalve 126, an evaporator
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128, and an evaporator fan 130 operating in a vepoipression cycle. Refrigerant is
compressed at the compressor 122 and circulatedighran expansion valve and
evaporator 128 to provide cooling of airflow frorhet cargo compartment. The
compressor 122 is operably connected to an AC paaerce 132 which drives the
compressor 122 or belt driven as in truck applm®i In some applications the
compressor 122 is driven from a DC power sourche AC power source 132 may

include an engine and a generator as in trailelicgtipns and as described herein.

[0043] Airflow is circulated into and through the cargasp (e.g., 211) of the
trailer 106 or container 200 by means of the trartsgefrigeration system 120, 220.
A return airflow 134 flows into the transport rgferation system 120, 220 from the
cargo compartment of the trailer 106 or contair@® through a refrigeration system
inlet 136, and across the evaporator 128 via tlapenator fan 130, thus cooling the
return airflow 134. The cooled return airflow 13w referred to as supply airflow
138, is supplied into the cargo compartment oftthger 106 through a refrigeration
system outlet 140, which in some embodiments iatlxt near the top wall 108 of the
trailer 106 (or 216 for the container 200). Themy airflow 138 cools the cargo

118, 218 in the cargo compartment of the trailéd dOcontainer 200 respectively.

[0044] FIG. 3 depicts a conventional transport refrig@matsystem power
system 300 for outputting conditioned, regulatedgoand/or for charging a battery.
Shown in FIG. 3 is AC power source 132. As desatibbove, the AC power source
132 may include an internal combustion engine 16@.( a diesel engine) and a
generator that produces unregulated AC power.tHarembodiments, the AC power
is externally supplied. Further in some embodimmethie transport refrigeration
system is configured to operate from a DC sourpeluding a battery. In an
exemplary embodiment, the generator 162 generatesgulated, three-phase AC
power, typically with no regulation ability othdran controlling the speed of engine
160. A controller 330 controls various aspectshef transport refrigeration system
120, 220 and the transport refrigeration powereyusB800. Controller 330 may
receive a variety of signals from sensor(s) 131 gravide insight and information
about the operation of the transport refrigeraggstem 120, 220 and characteristics
of the refrigeration cycle as the system 120, 2@6érates. Controller 330 may also

9
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command valves and actuators as needed to varopbeation of the transport
refrigeration system 120, 220 and characteristicshe refrigeration cycle as the
system 120, 220 operates and to modify aspectschadhcteristics of the system
operation. Controller 330 can vary the speed d@iren 160 depending on which
mode of operation is selected. Controller 330 alsotrols a control device 210 as

well as other components and aspects of the sy@&nas described herein.

[0045] The transport refrigeration system power systemiB0ldides a control
device 310 that connects the output of AC powers»d32 to selected loads during
various modes of operation of the transport refatien system 120, 220. The power
control unit 310 is configured to control and dirapplication and routing of power to
various subsystem components e.g., compressorsE?Bors 123, evaporator fans,
130, and the like. In addition, the power controit 310 may control the routing of
power to and from the battery 360, as well as tlwtimg and maintenance of power to
the control unit 330 for the transport refrigeratjgpower system 300. In addition one
embodiment the control device 310 connects theubuip AC power source 132 to
auxiliary power connections, such as one or morepo®er connections 304 and/or
one or more AC power connections 306. For exanwhen the control device 310 is
operating in a first mode, the output of the AC powource 132 is connected to the
compressor 122 and evaporator fan 130, (among dteals), of the transport
refrigeration system 120, 220. When the contre@iae 310 is in a second mode, the
output of the AC power source 132 is connectedotwgy conditioning modules 314
and 316, which are connected to the one or mor@@r connections 304 or one or
more AC power connections 306, respectively. heobperating modes power may
be routed from the battery to various load in tlystesm 300. A first power
conditioning module 314 may optionally be an ACDIG converter. The first power
conditioning module 314 receives the unregulatetee-phase AC power from AC
power source 132 and generates clean, stable ateduand conditioned DC power
(e.g., 24 VDC, 200 Amp). The regulated DC powetadsnected to the one or more
DC power connections 304. The one or more DC poesemections 304 may
include, but not be limited to a DC battery chargbr another embodiment, the one

or more DC power connections 304 may include a D@e to which an operator

10
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can connect a DC load (e.g., soft drink pumps) @@ load associated with the

trailer, such as a lift gate.

[0046] A second power conditioning module 316 may optilyna¢ employed
as a DC to AC converter. The second power comditgp module 216 receives the
clean, stable, regulated and conditioned DC powaen fthe first power conditioning
module 314 and produces clean, stable, regulatddcanditioned AC power (e.g.,
120/240 VAC, 20Amp, 60 Hz). The regulated AC povgeconnected to the one or
more AC power connections 306. The one or morepA®@er connections 306 may
include an AC outlet, to which an operator can emhnan AC load (e.g., cash
registers, computers) or an AC load associated théhrailer (e.g., AC powered hand

truck chargers).

[0047] Continuing with FIG. 3 and turning now to FIG. 4wsll, for details
on the operation and function of the transportigefiation power system 300 of an
embodiment. The controller 330 executes a proéessontrolling, monitoring,
routing and applying power in the power system 300 an embodiment the
controller 330 and/or the control device 210 inaudeplurality of buffered sensor
power supplies 133 to provide excitation to theiouss sensors 131 of the transport
refrigeration system 100. The buffered sensor paupplies 133 may be integral
and part of the controller 330 and/or the contelide 310 or they could be separate.
In an embodiment the buffered sensor power supf&sprovide a stable regulated
current limited supply voltage for the operatiortlué sensors 131a-131n. In addition,
the buffered sensor power supplies 133 provideliag® sense identified at line 135
that provides a voltage signal for diagnostics evaluation of the operation of each
of the buffered sensor power supplies 133. Thgrdiatic facilitates determining that
the buffered sensor power supplies 133 are opgratioperly and not subject to any
faults. Faults can include a short circuit in assg or harness interconnect for the

sensor 131a-131n.

[0048] The sensors 131a-131n provide sensor outputs tootthteoller 230 for
measurement and detection of various operatingwpeteas and characteristics of the

system 120, 220. For example, sensors 131la-13n mesmsure temperatures,

11
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pressures speeds, velocities, positions, and kbedr the various components of the
transport refrigeration system 120, 220. For eXdamim a transport refrigeration

system 120, 220, sensors 131 may be employed tsuree@ompressor discharge
pressure, or evaporator temperature. In anothdéodment, sensors may measure
parameters associated with the transport refriggrasystem as used in its
application.  For example, other sensor may meadwmidity or oxygen

concentration both parameters that are importanthi® refrigerated transportation of

perishables.

[0049] In an embodiment, various sensors 131 are needatbtErmine a
desired or selected control point for the transpeftigeration system 120, 220.
Maintaining the selected control point, and operal parameters is important to
achieve desirable system performance, achieveedesystem functionality and avoid
interruptions in service. Interruptions in servicectionality or failing to maintain
desired operational parameters reduces transpogelaty of perishables and may
lead to spoilage and loss of product. Inefficieperation and spoilage result in waste
and loss of revenue. Therefore, maintaining oVeragrational reliability, desired

functionality, and maintaining desired operatiopatameters is highly desired.

[0050] To ensure maintaining overall operational reliapjli desired
functionality, and maintaining desired operationparameters, the transport
refrigeration system 120, 220 should be capablepefation with respect to a given
design control point for the system. That issitlesired that the system 120, 220 be
configured to ensure a selected level of functibyndbr a given control function in
spite of selected faults of selected sensors 13heopower supply 133 employed to
power them. To facilitate such a configurationnary sensors 131 for operation of a
given control function are isolated and powered &bfirst power supply 133a.
Sensors 131 that would operate in some mannerbaglaup for that given control
function are implemented on a segregated powerlgdi33b. Finally a 3rd category
may be identified for a given embodiment as forsees not related to critical system
functions, such as options, and these too wouldrbget another segregated power
supply denoted 133c. In an embodiment additioeglregated power supplies 133n
may be employed as needed or desired. It shouldppeeciated that while three

12
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power supplies are depicted and described hereioh slescription is merely
illustrative. Any number of segregated power siggpmay be employed including,
and not limited to employing separate power sugpli@3a-133n for each sensor 131

as desired based on operation, criticality, andikiee

[0051] Referring now to FIG. 5, in an embodiment, the semgoupings and
criticality are determined at the functional lewgistem 120, 220. For example, on
one embodiment criticality is selected as beingtesl to the operation of the
refrigeration system 120, 220, and it is not nemelysa cargo centric determination.
In other words, the refrigeration system 120, 220 configured in such an
embodiment to define criticality based on maintanoperation refrigeration system
120, 220 (even if it is not the most functionalca@te, most efficient, desirable
operation, and the like), regardless of what senassociated with the cargo might
indicate. For example, in some systems, O2 sedsdreor CO2 sensors 131 that may
be considered more critical to the cargo would apshbe considered critical to the
customer, however may not be considered as impgaxathe functional operation of
the transport refrigeration system 120, 220, bexdlus refrigeration system 120, 220

would continue to maintain robust operation withtham.

[0052] For example, as depicted in FIG. 5, the refrigeraBystem 120, 220
typically requires superheat monitoring at the ewator 128 to ensure general
efficiency, and limit degradation due to floodidgetcompressor 122. To that end, in
an embodiment, the refrigeration system 120, 22€igdeincludes an evaporator
pressure sensor 131 at the evaporator 128 asithargrcomponent for this purpose.
In addition, the refrigeration system 120, 220 d¢@lly requires pressure ratio
monitoring of the compressor 122. To that end, rifegeration system 120, 220
design includes a compressor suction port pressarsors 131 as the primary
component for this purpose. Advantageously, edthese parameters, and therefore
the sensors 131 can operate as functional backu@sath other. That is, the suction
port pressure, and thereby its sensor 131 at thepssor 122 can be used to
facilitate superheat monitoring, and the evaporat@ssure, and thereby its sensor

131 can facilitate pressure ration determination.
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[0053] In operation, to implement the example above, the pressure
sensors 131 may be configured to operate from tfferent power supplies 133. As
a result, if a fault occurs in either the sensot b8 the power supply 133 (single
point), including any interconnections, e.g., opére, short circuit on power supply
133 or sensor 131, and the like, such faults atecthble, and a functional backup
sensor 131 and/second power supply 133 remaindabMaito ensure that the
refrigeration system 120, 220 continues to opeweitbout further degradation or
failure. Moreover, advantageously, if a fault ascin either the sensor 131 or the
power supply 133 (single point), including any netennections, that impacts a power
supply 133, the power supplies are isolated andigumed to operate independently

so that such a fault does not impact other poweplges 133.

[0054] Similarly, the refrigeration system 120, 220 mayuiee pressure
monitoring at the flash tank (not shown) to contwbthe flow of refrigerant into the
mid-stage circuit which may or may not include atoremizer circuit, or an
intercooler, and the prevention of over pressuopabf the flash tank. To that end, in
an embodiment, the refrigeration system 120, 2Zigdeincludes a pressure sensor
131 at the input flash tank as the primary compofarthis purpose. In addition, the
refrigeration system 120, 220 typically required+siage pressure at outlet of the
compressor economizing circuit, e.g., the mid-gtsgmond stage inlet to the
compressor, for a two stage compressor system t@ mocurately determine the
quality of the refrigerant in this area of the syst To that end, the refrigeration
system 120, 220 design includes a mid-stage pressemsor 131 as the primary
component for this purpose. It should be cleanftbe above that in the general case,
the flash tank pressure would represent the iniglet of the mid-stage, and the mid-
stage pressure would represent the output sidéeointid-stage. Advantageously,
once again, each of these parameters, and thergf®reensors 131 can operate as
functional backups for each other. That is, the-siage pressure, and thereby its
sensor 131 at the mid-stage on the compressord2Be used to facilitate flash tank
pressure monitoring, and the flash tank pressumd, taereby its sensor 131 can
facilitate the mid-stage pressure determinatioher&fore, as described above and for

similar reasons, the flash tank pressure sensorid3upplied from a first power
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source 133a, while the mid-stage pressure sendofop@rating as a back-up for flash

tank pressure) is segregated and operated a spowtt source (e.g., 133b).

[0055] Furthermore, the refrigeration system 120, 220 cigiy requires
compressor pressure ratio monitoring at the comspred22 to assure general
efficiency, and limit degradation due to floodiniget compressor 122 as well as
overheating in the compressor 122. To that endniembodiment, the refrigeration
system 120, 220 design includes a pressure seB%antthe evaporator 128 outlet as
the primary component for this purpose. In additithe refrigeration system 120,
220 may also employ a suction pressure at the csepr 122 primarily for
compressor 122 envelope controls, including pressatio. In many instances,
evaporator outlet pressure and compressor suctessgpre are similar in that they are
only separated by a length of piping. In someesystthis length can be very small
and the differences between evaporator outlet pressnd compressor suction port
pressure are very small. However in other systetmsre there is a long length of
piping there can be differences between the twoo pfovide for measuring
compressor suction pressure, the refrigeratioresysit20, 220 design may include a
pressure sensor 131 at the suction port of the pesepr 122 as the primary
component for this purpose. Once again, advantefygoeach of these parameters,
and therefore the sensors 131 can operate as dnattbackups for each other in
selected instances and configurations. That é&ctmpressor suction port pressure,
and thereby its sensor 131 at the compressor I2beaised to facilitate evaporator
outlet pressure monitoring, and the evaporatorsores and thereby its sensor 131
can facilitate pressure ratio monitoring at the pozssor 122. Therefore, as
described above and for similar reasons, the ewamompressure sensor 131 is
supplied from a first power source 133a, while ¢toenpressor suction port pressure
sensor (operating as a back-up for evaporator yress segregated and operated a

second power source, e.g., 133b.

[0056] In some instances the refrigeration system 120,229 employ select
sensors131 that are of a non-critical nature t@aréiqular operational control point.
Such sensors 131 may be grouped and powered sHpaatneeded. For example,
excess humidity can have a detrimental impact emescargo so control of humidity

15



100412US01 (U301490US)

can improve longevity of certain types of cargohefiefore, in some embodiments a
humidity sensor 131 is commonly employed in refréag@en systems 120, 220 for
dehumidification purposes. In some embodimentsethie no need to provide
functional backup for the system function provided by the humidity sensor 131.
However, isolating this sensor 131 and power sumpty, 133c from other more
sensors 131 and components, considered more ttitidanctionality of the system
function, and their backups, as well as the powegpkes 133a, 133b, ensures
refrigeration system 120, 220 functionality shoaléhult in this sensor 131 or power
supply 133c be detected. Examples of non-crisesisors 131 may include, but not
be limited to humidity, O2, or status of an airasier such as an ultraviolet particle air
particle separator, and the like, as may be emgdlagethe transport refrigeration
system 120, 220.

[0057] FIG. 6 depicts a flowchart of a method 400 of faolerant power
distribution for a transport refrigeration syste20,1220. The method 400 initiates at
process step 410 with identifying each sensor IBical to operation of a selected
control function for the transport refrigeratiorssym 120, 220 and more specifically
the power system 200. Each sensor 131 operabdebask-up to each sensor 131
critical to operation of a selected control funotifor the transport refrigeration
system 120, 220 is identified at process stem 4&0process step 430 the method
400 continues with identifying each sensor 131aritical to operation of a selected
control function for the transport refrigeratiorsegm 120, 220. At process step 440
the method 400 continues with operating each seb3brcritical to operation of a
selected control function for the transport refragmn system 120, 220 from a first
power source 133a. Next, as depicted by procegs4si0, the sensors 131 operable
as backup to the sensors 131 critical to operatianselected control function for the
transport refrigeration system 120, 220 are opdrated powered from a second
power source 133b. Finally as depicted at prostsg 460 the sensors 131 not
critical to operation of a selected control funotifor the transport refrigeration
system 120, 220 are operated and powered fromrd plmwer source 133c. As
described earlier, to facilitate the desired opemabf the transport refrigeration

system 120, 220 and the fault tolerance desiredfitst power supply 133a, second
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power supply 133b, and third power supply 133cd(an on for as many power
supplies 133 as desired) are segregated and indepeof one another.

[0058] While the disclosure has been provided in detaicamnection with
only a limited number of embodiments, it should feadily understood that the
present disclosure is not limited to such disclosehbodiments. Rather,
embodiments can be modified to incorporate any rernab variations, alterations,
substitutions, combination, sub-combination, or ieglent arrangements not
heretofore described, but which are commensuratie the spirit and scope of the
disclosure. Additionally, while various embodimeihtave been described, it is to be
understood that aspects of the disclosure may dechinly some of the described
embodiments. Accordingly, embodiments are not ¢osken as limited by the

foregoing description, but only limited by the seagf the appended claims.
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What is claimed is:
1. A transport refrigeration system comprising:

a first sensor identified as required for operatbrthe transport refrigeration

system;
a second sensor operable as a backup for thedinsor;

a third sensor identified as not required for opena of the transport

refrigeration system;

a first power supply operably connected to the S8ensor and configured to

operate the first sensor;

a second power supply operably connected to thensesensor and

configured to operate the second sensor;

a third power supply operably connected to thedtegnsor and configured to

operate the third sensor; and

a controller operably connected to at least tis fiower supply as well as the
first sensor and the second power supply as wah@second sensor, the controller
configured to monitor at least the first power dy@nd the second power supply, if a
fault is detected in the first power supply, opertte transport refrigeration system

from the second sensor.

2. The transport refrigeration system of claim hevein the first sensor
is at least one of a discharge pressure sensdash fank pressure sensor, and an

evaporator pressure sensor.

3. The transport refrigeration system of claim Ihewvein the second
sensor is at least one of a condenser pressurersansid-stage pressure sensor, and

a compressor suction port pressure sensor.
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4, The transport refrigeration system of claimuktHer including at least
one of a fourth sensor and a fifth sensor, theeastl one of the fourth and the fifth

sensor operably connected to the first power supply

5. The transport refrigeration system of claim 4evein at least one of
the fourth sensor and the fifth sensor is at least of a discharge pressure sensor, a

flash tank pressure sensor, and an evaporatonpeessnsor.

6. The transport refrigeration system of claimuktter including at least
one of a sixth sensor and a seventh sensor, feasitone of the sixth sensor and the

seventh sensor operably connected to the seconersupply.

7. The transport refrigeration system of claim Gevein at least one of
the sixth sensor and the seventh sensor is atdaastf a condenser pressure sensor, a

mid-stage pressure sensor, and an compressorrspetibpressure sensor.

8. The transport refrigeration system of claim urtHfer comprising, if a
fault is detected in the second power supply, dpedte transport refrigeration system

from the first sensor.

9. The transport refrigeration system of claim hevein the third power

supply is independent of the first power supply Hrasecond power supply.

10. The transport refrigeration system of clainwbgrein the first power

supply is independent of the second power supply.

19



100412US01 (U301490US)

11. A method of fault tolerant power distributiororfa transport

refrigeration system, the method comprising:

identifying a first sensor as required for openmatd the transport refrigeration

system;
identifying a second sensor operable as a baakuihé first sensor;

identifying a third sensor as not required for @pien of the transport

refrigeration system;

operating the first sensor from a first power sypmerably connected to the

first sensor;

operating a second sensor from a second powerysopplably connected to

the second sensor;

operating the third sensor from a third power symperably connected to the

third sensor; and

monitoring at least the first power supply and seeond power supply, the
first power supply as well as the first sensor #relsecond power supply as well as
the second sensor operably connected to a comiriblee fault is detected in the first

power supply, operate the transport refrigeratimtesn from the second sensor.

12. The method of fault tolerant power distributioihclaim 11, wherein
the first sensor is at least one of a dischargespre sensor, a flash tank pressure

sensor, and an evaporator pressure sensor.

13. The method of fault tolerant power distributioihclaim 11, wherein
the second sensor is at least one of a condersssyse sensor, a mid-stage pressure

sensor, and an compressor suction port pressusersen

14. The method of fault tolerant power distributiohclaim 11, further
comprising operably connecting at least one ofustfosensor and a fifth sensor to the

first power supply.
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15. The method of fault tolerant power distributmfrclaim 14, wherein at
least one of the fourth sensor and the fifth sensaat least one of a discharge

pressure sensor, a flash tank pressure sensoanaevhporator pressure sensor.

16. The method of fault tolerant power distributiohclaim 11, further
comprising at least one of a sixth sensor and argbwsensor, the at least one of the

sixth sensor and the seventh sensor operably ctathecthe second power supply.

17. The method of fault tolerant power distributafrclaim 16, wherein at
least one of the sixth sensor and the seventh sénsd least one of a condenser
pressure sensor, a mid-stage pressure sensor,nagdn@ressor suction pressure

Sensaor.

18. The method of fault tolerant power distributiohclaim 11, further
comprising if a fault is detected in the second @owupply, operate the transport

refrigeration system from the first sensor.

19. The method of fault tolerant power distributioinclaim 11, wherein

the third power supply is independent of the fastver supply and the second power
supply.

20. The method of fault tolerant power distributiohclaim 11, further

comprising wherein the first power supply is indegent of the second power supply.
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