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

TECHNICAL FIELD

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

inoperative.
BACKGROUND

[0002] A typical refrigerated shipping container, cargo truck or refrigerated
truck trailer, such as those utilized to transport a cargo via sea, rail or road, is a
container, truck, or trailer having a cargo compartment, modified to include a
refrigeration system located at one end of the container, truck, or trailer. The
refrigeration system includes a compressor, condenser, expansion valve and
evaporator serially connected by refrigerant lines in a closed refrigerant circuit in
accord with known refrigerant vapor compression cycles. A power unit, which could
include an engine and/or an AC power system, drives the compressor of the
refrigeration system. In truck/trailer applications the power unit is typically diesel
powered, or in other applications natural gas powered. In many container and/or
truck/trailer transport refrigeration systems, the compressor is driven by the engine
shaft either through a belt drive or by a mechanical shaft-to-shaft link. In other
systems, the engine drives a generator that generates electrical power, which in turn
drives the compressor. In container systems the compressor is driven directly by an
external power source, for example a 380/460VAC AC power system, though other

configurations are possible.

[0003] Manufacturers and operators of fleets of refrigerated containers,

refrigerated trucks, and refrigerated truck trailers desire to maximize operational
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efficiency of not only the refrigeration system, but of the container, truck, or tractor
trailer system as a whole. Moreover, operational readiness is critical to effective and
efficient operation. System downtime directly impacts profitability and results in
untimely deliveries as well as potential loss of perishables. In some instances, certain
faults of system components may lead to system failure due to cascading effects.
Avoiding system failures where possible ensures efficient operation and avoids loses

as a consequence of such a failure.
BRIEF DESCRIPTION

[0004] According to one embodiment described herein is a transport
refrigeration system including a method for fault tolerant power management. The
system includes a first sensor identified as required for operation of the transport
refrigeration system and a second sensor operable as a backup for the first sensor.
The system also includes a first power supply operably connected to the first sensor
and configured to operate the first sensor and a second power supply operably
connected to the second sensor and configured to operate the second sensor. The
system further includes a controller operably connected to at least the first power
supply as well as the first sensor and the second power supply as well as the second
sensor, the controller configured to monitor at least the first power supply and the
second power supply, if a fault is detected in the first power supply, operate the

transport refrigeration system from the second sensor.

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

s€nsor.

[0006] In addition to one or more of the features described above, or as an
alternative, further embodiments may include that the second sensor is at least one of
a condenser pressure sensor, a mid-stage pressure sensor, and a compressor suction

port pressure sensor.
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[0007] In addition to one or more of the features described above, or as an
alternative, further embodiments may include at least one of a fourth sensor and a
fifth sensor, the at least one of the fourth and the fifth sensor operably connected to

the first power supply.

[0008] In addition to one or more of the features described above, or as an
alternative, further embodiments may include that at least one of the fourth sensor and
the fifth sensor is at least one of a discharge pressure sensor, a flash tank pressure

Sensor, and an evaporator pressure sensor.

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

connected to the second power supply.

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

sensor, and a compressor suction port pressure sensor.

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

power supply, operate the transport refrigeration system from the first sensor.

[0012] In addition to one or more of the features described above, or as an
alternative, further embodiments may include that the third power supply is

independent of the first power supply and the second power supply.

[0013] In addition to one or more of the features described above, or as an
alternative, further embodiments may include that the first power supply is

independent of the second power supply.

[0014] In addition to one or more of the features described above, or as an
alternative, further embodiments may include at least one of an evaporator fan and a

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

engine and a generator.

[0016] Also described herein in an embodiment is a method of fault tolerant
power distribution for a transport refrigeration system. The method including
identifying a first sensor as required for operation of the transport refrigeration
system, identifying a second sensor operable as a backup for the first sensor, and
identifying a third sensor as not required for operation of the transport refrigeration
system. The method also includes operating the first sensor from a first power supply
operably connected to the first sensor, operating a second sensor from a second power
supply operably connected to the second sensor, and operating the third sensor from a
third power supply operably connected to the third sensor. Furthermore, the method
includes monitoring at least the first power supply and the second power supply, the
first power supply as well as the first sensor and the second power supply as well as
the second sensor operably connected to a controller, if a fault is detected in the first

power supply, operating the transport refrigeration system from the second sensor.

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

Sensor.

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

port pressure sensor.

[0019] In addition to one or more of the features described above, or as an
alternative, further embodiments may include operably connecting at least one of a

fourth sensor and a fifth sensor to the first power supply.

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

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

S€nsor, and an evaporator pressure sensor.

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

connected to the second power supply.

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

S€nsor, and a compressor suction pressure sensor.

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

power supply, operating the transport refrigeration system from the first sensor.

[0024] In addition to one or more of the features described above, or as an
alternative, further embodiments may include that the third power supply is

independent of the first power supply and the second power supply.

[0025] In addition to one or more of the features described above, or as an
alternative, further embodiments may include that the first power supply is

independent of the second power supply.

[0026] Additional features and advantages are realized through the techniques
of the present disclosure. Other embodiments and aspects of the disclosure are
described in detail herein. For a better understanding of the disclosure with the

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

[0027] The foregoing and other features and advantages of embodiments are
apparent from the following detailed description taken in conjunction with the

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

system and a cargo compartment in accordance with an embodiment;

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

refrigeration unit integrated with the container in accordance with an embodiment;

[0030] FIG. 2 depicts a transport refrigeration system for a container, truck, or

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

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

with an embodiment; and

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

supplies in a transport refrigeration power system in accordance with an embodiment;

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

with an embodiment; and

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

transport refrigeration system in accordance with an embodiment.
DETAILED DESCRIPTION

[0035] In general, embodiments herein relate generally to load segregation
and power supply distribution to ensure a cost effective level of operability in the
aftermath of selected faults. In particular separate power supplies of the power
system provide for power for the system with selected loads segregated to ensure
system operability or partial operability sufficient to enable an operator the
opportunity to obtain service if needed. In an embodiment selected loads are
segregated based on their system criticality. A goal of the segregation being to ensure
that any given failure does not cause a system to become inoperative. Moreover the
system will provide an intelligent diagnostics associated with the individual power
supplies to facilitate independent control. Such an architecture improves the function
of the system in various operating modes by increasing efficiency and improving

system availability and reliability.
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[0036] For the purposes of promoting an understanding of the principles of the
present disclosure, reference will now be made to the embodiments illustrated in the
drawings, and specific language will be used to describe the same. It will
nevertheless be understood that no limitation of the scope of this disclosure is thereby
intended. The following description is merely illustrative in nature and is not
intended to limit the present disclosure, its application or uses. It should be
understood that throughout the drawings, corresponding reference numerals indicate
like or corresponding parts and features. As used herein, the term controller refers to
processing circuitry that may include an application specific integrated circuit (ASIC),
an electronic circuit, an electronic processor (shared, dedicated, or group) and
memory that executes one or more software or firmware programs, a combinational
logic circuit, and/or other suitable interfaces and components that provide the

described functionality.

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

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

[0038] FIG. 1A is an embodiment of a tractor trailer system 100. The tractor
trailer system 100 includes a tractor 102 including an operator’s compartment or cab
104 and also including an engine, which acts as the drive system of the tractor trailer
system 100. A trailer 106 is coupled to the tractor 102. The trailer 106 is a
refrigerated trailer 106 and includes a top wall 108, a directly opposed bottom wall
110, opposed side walls 112, and a front wall 114, with the front wall 114 being
closest to the tractor 102. The trailer 106 further includes a door or doors (not shown)
at a rear wall 116, opposite the front wall 114. The walls of the trailer 106 define a

cargo compartment.
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[0039] The trailer 106 is configured to maintain a cargo 118 located inside the
cargo compartment at a selected temperature through the use of a transport
refrigeration system 120 located on the trailer 106. The transport refrigeration system

120, as shown in FIG. 1A, is located at or attached to the front wall 114.

[0040] Referring also to FIG. 1B, there is depicted a refrigerated shipping
container, generally referenced 200, having a transport refrigeration unit 220 attached
to or integrated with the structural frame of the container 200 at a front wall 212
thereof. The cargo container 200 has a box-like structure formed of a forward or front
wall 212, a back or rear wall 214 spaced longitudinally from the forward wall 212, a
pair of opposed sidewalls 213 and 215 that extend longitudinally between the forward
wall 212 and the rear wall 214, a roof panel 216 that extends longitudinally between
an upper region of the forward wall 212 and an upper region of the rear wall 214 and
that extends transversely between upper regions of the respective opposed side walls
213, 215, and a floor 217 that extends longitudinally between a lowermost region of
the forward wall 212 and a lowermost region of the rear wall 214 and that extend
transversely between lowermost regions of the respective opposed side walls 213,

215.

[0041] The box-like structure of the container 200 defines a cargo space 211
in which the bins, cartons or pallets of cargo 218 being transported are stacked on the
floor 218. The rear wall 214 is provided with one or more doors (not shown) through
which access to the cargo space may be had for loading the cargo 218 into the
container 200. When the doors are closed, a substantially air-tight, sealed cargo space
211 is established within the container 200 which prevents inside air from escaping
the cargo space 211. The container 200 is configured to maintain a cargo 218 located
inside the cargo space 211 at a selected temperature through the use of a transport

refrigeration system 220 located on the container 200.

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

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

include an engine and a generator as in trailer applications and as described herein.

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

118, 218 in the cargo compartment of the trailer 106 or container 200 respectively.

[0044] FIG. 3 depicts a conventional transport refrigeration system power
system 300 for outputting conditioned, regulated power and/or for charging a battery.
Shown in FIG. 3 is AC power source 132. As described above, the AC power source
132 may include an internal combustion engine 160 (e.g., a diesel engine) and a
generator that produces unregulated AC power. In other embodiments, the AC power
is externally supplied. Further in some embodiments the transport refrigeration
system is configured to operate from a DC source, including a battery. In an
exemplary embodiment, the generator 162 generates unregulated, three-phase AC
power, typically with no regulation ability other than controlling the speed of engine
160. A controller 330 controls various aspects of the transport refrigeration system
120, 220 and the transport refrigeration power system 300. Controller 330 may
receive a variety of signals from sensor(s) 131 that provide insight and information
about the operation of the transport refrigeration system 120, 220 and characteristics
of the refrigeration cycle as the system 120, 220 operates. Controller 330 may also

9
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command valves and actuators as needed to vary the operation of the transport
refrigeration system 120, 220 and characteristics of the refrigeration cycle as the
system 120, 220 operates and to modify aspects and characteristics of the system
operation. Controller 330 can vary the speed of engine 160 depending on which
mode of operation is selected. Controller 330 also controls a control device 210 as

well as other components and aspects of the system 300 as described herein.

[0045] The transport refrigeration system power system 300 includes a control
device 310 that connects the output of AC power source 132 to selected loads during
various modes of operation of the transport refrigeration system 120, 220. The power
control unit 310 is configured to control and direct application and routing of power to
various subsystem components e.g., compressor 122, sensors 123, evaporator fans,
130, and the like. In addition, the power control unit 310 may control the routing of
power to and from the battery 360, as well as the routing and maintenance of power to
the control unit 330 for the transport refrigeration power system 300. In addition one
embodiment the control device 310 connects the output of AC power source 132 to
auxiliary power connections, such as one or more DC power connections 304 and/or
one or more AC power connections 306. For example, when the control device 310 is
operating in a first mode, the output of the AC power source 132 is connected to the
compressor 122 and evaporator fan 130, (among other loads), of the transport
refrigeration system 120, 220. When the control device 310 is in a second mode, the
output of the AC power source 132 is connected to power conditioning modules 314
and 316, which are connected to the one or more DC power connections 304 or one or
more AC power connections 306, respectively. In other operating modes power may
be routed from the battery to various load in the system 300. A first power
conditioning module 314 may optionally be an AC to DC converter. The first power
conditioning module 314 receives the unregulated, three-phase AC power from AC
power source 132 and generates clean, stable, regulated and conditioned DC power
(e.g., 24 VDC, 200 Amp). The regulated DC power is connected to the one or more
DC power connections 304. The one or more DC power connections 304 may
include, but not be limited to a DC battery charger. In another embodiment, the one

or more DC power connections 304 may include a DC outlet, to which an operator
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can connect a DC load (e.g., soft drink pumps) or a DC load associated with the

trailer, such as a lift gate.

[0046] A second power conditioning module 316 may optionally be employed
as a DC to AC converter. The second power conditioning module 216 receives the
clean, stable, regulated and conditioned DC power from the first power conditioning
module 314 and produces clean, stable, regulated and conditioned AC power (e.g.,
120/240 VAC, 20Amp, 60 Hz). The regulated AC power is connected to the one or
more AC power connections 306. The one or more AC power connections 306 may
include an AC outlet, to which an operator can connect an AC load (e.g., cash
registers, computers) or an AC load associated with the trailer (e.g., AC powered hand

truck chargers).

[0047] Continuing with FIG. 3 and turning now to FIG. 4 as well, for details
on the operation and function of the transport refrigeration power system 300 of an
embodiment. The controller 330 executes a process for controlling, monitoring,
routing and applying power in the power system 300. In an embodiment the
controller 330 and/or the control device 210 incudes a plurality of buffered sensor
power supplies 133 to provide excitation to the various sensors 131 of the transport
refrigeration system 100. The buffered sensor power supplies 133 may be integral
and part of the controller 330 and/or the control device 310 or they could be separate.
In an embodiment the buffered sensor power supplies 133 provide a stable regulated
current limited supply voltage for the operation of the sensors 131a-131n. In addition,
the buffered sensor power supplies 133 provide a voltage sense identified at line 135
that provides a voltage signal for diagnostics and evaluation of the operation of each
of the buffered sensor power supplies 133. The diagnostic facilitates determining that
the buffered sensor power supplies 133 are operating properly and not subject to any
faults. Faults can include a short circuit in a sensor or harness interconnect for the

sensor 131a-131n.

[0048] The sensors 131a-131n provide sensor outputs to the controller 230 for
measurement and detection of various operating parameters and characteristics of the

system 120, 220. For example, sensors 131a-131n may measure temperatures,
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pressures speeds, velocities, positions, and the like for the various components of the
transport refrigeration system 120, 220. For example, in a transport refrigeration
system 120, 220, sensors 131 may be employed to measure compressor discharge
pressure, or evaporator temperature. In another embodiment, sensors may measure
parameters associated with the transport refrigeration system as used in its
application. ~ For example, other sensor may measure humidity or oxygen
concentration both parameters that are important for the refrigerated transportation of

perishables.

[0049] In an embodiment, various sensors 131 are needed to determine a
desired or selected control point for the transport refrigeration system 120, 220.
Maintaining the selected control point, and operational parameters is important to
achieve desirable system performance, achieve desired system functionality and avoid
interruptions in service. Interruptions in service functionality or failing to maintain
desired operational parameters reduces transport longevity of perishables and may
lead to spoilage and loss of product. Inefficient operation and spoilage result in waste
and loss of revenue. Therefore, maintaining overall operational reliability, desired

functionality, and maintaining desired operational parameters is highly desired.

[0050] To ensure maintaining overall operational reliability, desired
functionality, and maintaining desired operational parameters, the transport
refrigeration system 120, 220 should be capable of operation with respect to a given
design control point for the system. That is, it is desired that the system 120, 220 be
configured to ensure a selected level of functionality for a given control function in
spite of selected faults of selected sensors 131 or the power supply 133 employed to
power them. To facilitate such a configuration, primary sensors 131 for operation of a
given control function are isolated and powered by a first power supply 133a.
Sensors 131 that would operate in some manner as a backup for that given control
function are implemented on a segregated power supply 133b. Finally a 3rd category
may be identified for a given embodiment as for sensors not related to critical system
functions, such as options, and these too would be on yet another segregated power
supply denoted 133c. In an embodiment additional segregated power supplies 133n
may be employed as needed or desired. It should be appreciated that while three

12
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power supplies are depicted and described herein, such description is merely
illustrative. Any number of segregated power supplies may be employed including,
and not limited to employing separate power supplies 133a-133n for each sensor 131

as desired based on operation, criticality, and the like.

[0051] Referring now to FIG. 5, in an embodiment, the sensor groupings and
criticality are determined at the functional level system 120, 220. For example, on
one embodiment criticality is selected as being related to the operation of the
refrigeration system 120, 220, and it is not necessarily a cargo centric determination.
In other words, the refrigeration system 120, 220 is configured in such an
embodiment to define criticality based on maintaining operation refrigeration system
120, 220 (even if it is not the most functional, accurate, most efficient, desirable
operation, and the like), regardless of what sensors associated with the cargo might
indicate. For example, in some systems, O2 sensors 131 or CO2 sensors 131 that may
be considered more critical to the cargo would perhaps be considered critical to the
customer, however may not be considered as important to the functional operation of
the transport refrigeration system 120, 220, because the refrigeration system 120, 220

would continue to maintain robust operation without them.

[0052] For example, as depicted in FIG. 5, the refrigeration system 120, 220
typically requires superheat monitoring at the evaporator 128 to ensure general
efficiency, and limit degradation due to flooding the compressor 122. To that end, in
an embodiment, the refrigeration system 120, 220 design includes an evaporator
pressure sensor 131 at the evaporator 128 as the primary component for this purpose.
In addition, the refrigeration system 120, 220 typically requires pressure ratio
monitoring of the compressor 122. To that end, the refrigeration system 120, 220
design includes a compressor suction port pressure sensors 131 as the primary
component for this purpose. Advantageously, each of these parameters, and therefore
the sensors 131 can operate as functional backups for each other. That is, the suction
port pressure, and thereby its sensor 131 at the compressor 122 can be used to
facilitate superheat monitoring, and the evaporator pressure, and thereby its sensor

131 can facilitate pressure ration determination.
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[0053] In operation, to implement the example above, the two pressure
sensors 131 may be configured to operate from two different power supplies 133. As
a result, if a fault occurs in either the sensor 131 or the power supply 133 (single
point), including any interconnections, e.g., open wire, short circuit on power supply
133 or sensor 131, and the like, such faults are detectable, and a functional backup
sensor 131 and/second power supply 133 remains available to ensure that the
refrigeration system 120, 220 continues to operate without further degradation or
failure. Moreover, advantageously, if a fault occurs in either the sensor 131 or the
power supply 133 (single point), including any interconnections, that impacts a power
supply 133, the power supplies are isolated and configured to operate independently

so that such a fault does not impact other power supplies 133.

[0054] Similarly, the refrigeration system 120, 220 may require pressure
monitoring at the flash tank (not shown) to control of the flow of refrigerant into the
mid-stage circuit which may or may not include an economizer circuit, or an
intercooler, and the prevention of over pressurization of the flash tank. To that end, in
an embodiment, the refrigeration system 120, 220 design includes a pressure sensor
131 at the input flash tank as the primary component for this purpose. In addition, the
refrigeration system 120, 220 typically requires mid-stage pressure at outlet of the
compressor economizing circuit, e.g., the mid-stage/second stage inlet to the
compressor, for a two stage compressor system to more accurately determine the
quality of the refrigerant in this area of the system. To that end, the refrigeration
system 120, 220 design includes a mid-stage pressure sensor 131 as the primary
component for this purpose. It should be clear from the above that in the general case,
the flash tank pressure would represent the input side of the mid-stage, and the mid-
stage pressure would represent the output side of the mid-stage. Advantageously,
once again, each of these parameters, and therefore the sensors 131 can operate as
functional backups for each other. That is, the mid-stage pressure, and thereby its
sensor 131 at the mid-stage on the compressor 122 can be used to facilitate flash tank
pressure monitoring, and the flash tank pressure, and thereby its sensor 131 can
facilitate the mid-stage pressure determination. Therefore, as described above and for

similar reasons, the flash tank pressure sensor 131 is supplied from a first power
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source 133a, while the mid-stage pressure sensor 131 (operating as a back-up for flash

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

[0055] Furthermore, the refrigeration system 120, 220 typically requires
compressor pressure ratio monitoring at the compressor 122 to assure general
efficiency, and limit degradation due to flooding the compressor 122 as well as
overheating in the compressor 122. To that end, in an embodiment, the refrigeration
system 120, 220 design includes a pressure sensor 131 at the evaporator 128 outlet as
the primary component for this purpose. In addition, the refrigeration system 120,
220 may also employ a suction pressure at the compressor 122 primarily for
compressor 122 envelope controls, including pressure ratio. In many instances,
evaporator outlet pressure and compressor suction pressure are similar in that they are
only separated by a length of piping. In some systems this length can be very small
and the differences between evaporator outlet pressure and compressor suction port
pressure are very small. However in other systems where there is a long length of
piping there can be differences between the two. To provide for measuring
compressor suction pressure, the refrigeration system 120, 220 design may include a
pressure sensor 131 at the suction port of the compressor 122 as the primary
component for this purpose. Once again, advantageously, each of these parameters,
and therefore the sensors 131 can operate as functional backups for each other in
selected instances and configurations. That is, the compressor suction port pressure,
and thereby its sensor 131 at the compressor 122 can be used to facilitate evaporator
outlet pressure monitoring, and the evaporator pressure, and thereby its sensor 131
can facilitate pressure ratio monitoring at the compressor 122. Therefore, as
described above and for similar reasons, the evaporator pressure sensor 131 is
supplied from a first power source 133a, while the compressor suction port pressure
sensor (operating as a back-up for evaporator pressure) is segregated and operated a

second power source, €.g., 133b.

[0056] In some instances the refrigeration system 120, 220 may employ select
sensors131 that are of a non-critical nature to a particular operational control point.
Such sensors 131 may be grouped and powered separately as needed. For example,
excess humidity can have a detrimental impact on some cargo so control of humidity
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can improve longevity of certain types of cargo. Therefore, in some embodiments a
humidity sensor 131 is commonly employed in refrigeration systems 120, 220 for
dehumidification purposes. In some embodiments there is no need to provide
functional backup for the system function provided for by the humidity sensor 131.
However, isolating this sensor 131 and power supply e.g., 133¢ from other more
sensors 131 and components, considered more critical to functionality of the system
function, and their backups, as well as the power supplies 133a, 133b, ensures
refrigeration system 120, 220 functionality should a fault in this sensor 131 or power
supply 133c be detected. Examples of non-critical sensors 131 may include, but not
be limited to humidity, O2, or status of an air cleaner such as an ultraviolet particle air
particle separator, and the like, as may be employed in the transport refrigeration

system 120, 220.

[0057] FIG. 6 depicts a flowchart of a method 400 of fault tolerant power
distribution for a transport refrigeration system 120, 220. The method 400 initiates at
process step 410 with identifying each sensor 131 critical to operation of a selected
control function for the transport refrigeration system 120, 220 and more specifically
the power system 200. Each sensor 131 operable as a back-up to each sensor 131
critical to operation of a selected control function for the transport refrigeration
system 120, 220 is identified at process stem 420. At process step 430 the method
400 continues with identifying each sensor 131 not critical to operation of a selected
control function for the transport refrigeration system 120, 220. At process step 440
the method 400 continues with operating each sensor 131 critical to operation of a
selected control function for the transport refrigeration system 120, 220 from a first
power source 133a. Next, as depicted by process step 450, the sensors 131 operable
as backup to the sensors 131 critical to operation of a selected control function for the
transport refrigeration system 120, 220 are operated and powered from a second
power source 133b. Finally as depicted at process step 460 the sensors 131 not
critical to operation of a selected control function for the transport refrigeration
system 120, 220 are operated and powered from a third power source 133c. As
described earlier, to facilitate the desired operation of the transport refrigeration

system 120, 220 and the fault tolerance desired, the first power supply 133a, second
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power supply 133b, and third power supply 133c, (and so on for as many power

supplies 133 as desired) are segregated and independent of one another.

[0058] While the disclosure has been provided in detail in connection with
only a limited number of embodiments, it should be readily understood that the
present disclosure is not limited to such disclosed embodiments.  Rather,
embodiments can be modified to incorporate any number of variations, alterations,
substitutions, combination, sub-combination, or equivalent arrangements not
heretofore described, but which are commensurate with the spirit and scope of the
disclosure. Additionally, while various embodiments have been described, it is to be
understood that aspects of the disclosure may include only some of the described
embodiments. Accordingly, embodiments are not to be seen as limited by the

foregoing description, but only limited by the scope of the appended claims.
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Claims
1. A transport refrigeration system comprising:

a first sensor operable as required for operation of the transport refrigeration

system,;
a second sensor operable as a backup for the first sensor;

a third sensor operable as not required for operation of the transport

refrigeration system;

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

operate the first sensor;

a second power supply operably connected to the second sensor and

configured to operate the second sensor;

a third power supply operably connected to the third sensor and configured to

operate the third sensor; and

a controller operably connected to at least the first power supply as well as the
first sensor and the second power supply as well as the second sensor, the controller
configured to monitor at least the first power supply and the second power supply, if a
fault is detected in the first power supply, operate the transport refrigeration system

from the second sensor.

2. The transport refrigeration system of claim 1, wherein the first sensor
is at least one of a discharge pressure sensor, a flash tank pressure sensor, and an

evaporator pressure Sensor.

3. The transport refrigeration system of claim 1, wherein the second
sensor is at least one of a condenser pressure sensor, a mid-stage pressure sensor, and

a compressor suction port pressure sensor.
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4. The transport refrigeration system of claim 1, further including at least
one of a fourth sensor and a fifth sensor, the at least one of the fourth and the fifth

sensor operably connected to the first power supply.

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

flash tank pressure sensor, and an evaporator pressure sensor.

6. The transport refrigeration system of claim 1, further including at least
one of a sixth sensor and a seventh sensor, the at least one of the sixth sensor and the

seventh sensor operably connected to the second power supply.

7. The transport refrigeration system of claim 6, wherein at least one of
the sixth sensor and the seventh sensor is at least one of a condenser pressure sensor, a

mid-stage pressure sensor, and an compressor suction port pressure sensor.

8. The transport refrigeration system of claim 1, further comprising, if a
fault is detected in the second power supply, operate the transport refrigeration system

from the first sensor.

9. The transport refrigeration system of claim 1, wherein the third power

supply is independent of the first power supply and the second power supply.

10.  The transport refrigeration system of claim 1, wherein the first power

supply is independent of the second power supply.
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11. A method of fault tolerant power distribution for a transport

refrigeration system, the method comprising:

operating a first sensor as required for operation of the transport refrigeration

system,;
operating a second sensor operable as a backup for the first sensor;

operating a third sensor as not required for operation of the transport

refrigeration system;

operating the first sensor from a first power supply operably connected to the

first sensor;

operating a second sensor from a second power supply operably connected to

the second sensor;

operating the third sensor from a third power supply operably connected to the

third sensor; and

monitoring at least the first power supply and the second power supply, the
first power supply as well as the first sensor and the second power supply as well as
the second sensor operably connected to a controller, if a fault is detected in the first

power supply, operate the transport refrigeration system from the second sensor.

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

sensor, and an evaporator pressure sensor.

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

sensor, and an compressor suction port pressure sensor.

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

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

pressure sensor, a flash tank pressure sensor, and an evaporator pressure sensor.

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

sixth sensor and the seventh sensor operably connected to the second power supply.

17. The method of fault tolerant power distribution of claim 16, wherein at
least one of the sixth sensor and the seventh sensor is at least one of a condenser
pressure sensor, a mid-stage pressure sensor, and an compressor suction pressure

Sensor.

18.  The method of fault tolerant power distribution of claim 11, further
comprising if a fault is detected in the second power supply, operate the transport

refrigeration system from the first sensor.

19. The method of fault tolerant power distribution of claim 11, wherein

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

20. The method of fault tolerant power distribution of claim 11, further

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

21



