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MULTI POWER CONVERTER UNIT FOR A TRAILER REFRIGERATION UNIT
BACKGROUND

[0001] Exemplary embodiments pertain to the art of power converters and more
particularly to a multi power converter unit for trailer refrigeration units.

[0002] Trailer refrigeration units (TRUs) are containers designed to carry perishable
freight at a specific temperature or within a temperature range. TRUs can be equipped with a
variety of refrigeration systems for maintaining a specific temperature within the cabin.
Typically, a diesel engine driven trailer refrigeration unit is utilized for keeping fresh, frozen
foods and other goods during transport. However, problems exist with these diesel engine
TRUs such as, for example, fuel costs, harmful exhaust emissions, particular matter, and
noise pollution. To address the above problems, electric TRUs are utilized. However, the
electric TRUs lack flexibility to add other cleaner power sources such as solar or power take
off from the engine, and/or energy storage (e.g., batteries). In addition, mechanical devices

are used for part load operation which has a negative impact on efficiency.

BRIEF DESCRIPTION

[0003] According to one embodiment, a trailer refrigeration unit is provided. The
trailer refrigeration unit includes a plurality of power sources, wherein the plurality power
sources are selectively coupled to a power converter and at least one compressor. The power
converter is coupled to at least one fan and is selectively coupled to the at least one
compressor. A microcontroller circuit is included and is configured to selectively operate the
trailer refrigeration unit in one of a plurality of modes based on an environmental parameter
within the trailer refrigeration unit. The plurality of modes includes a first mode where the at
least one compressor and at least one fan are powered by the power converter and a second
mode where the at least one compressor is powered by at least one of the plurality of power
sources.

[0004] In addition to one or more of the features described above, or as an alternative,
further embodiments of the trailer refrigeration unit may include at least one sensor adapted
to determine the environmental parameter within the trailer refrigeration unit.

[0005] In addition to one or more of the features described above, or as an alternative,
further embodiments of the trailer refrigeration unit may include that at least one of the

plurality of power sources is a diesel generator.
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[0006] In addition to one or more of the features described above, or as an alternative,
further embodiments of the trailer refrigeration unit may include that at least one of the
plurality of power sources is an onboard diesel engine.

[0007] In addition to one or more of the features described above, or as an alternative,
further embodiments of the trailer refrigeration unit may include that at least one of the
plurality of power sources is a mains power supply.

[0008] In addition to one or more of the features described above, or as an alternative,
further embodiments of the trailer refrigeration unit may include that at least one of the
plurality of power sources is an axle generator.

[0009] In addition to one or more of the features described above, or as an alternative,
further embodiments of the trailer refrigeration unit may include at least one battery coupled
to the power converter.

[0010] In addition to one or more of the features described above, or as an alternative,
further embodiments of the trailer refrigeration unit may include that the power converter
comprises at least on alternating current to direct current converter, at least one direct current
to direct current converter, and at least on direct current to alternating current converter.

[0011] According to one embodiment, a refrigeration system is provided. The
refrigeration system includes a refrigeration unit including at least one compressor, an
evaporator, a plurality of power sources, and at least one fan operable to move air towards the
evaporator. The plurality of power sources are selectively coupled to a power converter and
the at least one compressor. The power converter is coupled to the at least one fan and is
selectively coupled to the at least one compressor. A microcontroller circuit is included and
is configured to selectively operate the trailer refrigeration unit in one of a plurality of modes
based on an environmental parameter within the trailer refrigeration unit. The plurality of
modes includes a first mode where the at least one compressor and at least one fan are
powered by the power converter and a second mode where the at least one compressor is

powered by at least one of the plurality of power sources.

BRIEF DESCRIPTION OF THE DRAWINGS
[0012] The following descriptions should not be considered limiting in any way.
With reference to the accompanying drawings, like elements are numbered alike:
[0013] FIG. 1 depicts a transport refrigeration unit in an exemplary embodiment;
[0014] FIG. 2 depicts a transport refrigeration unit power system according to one or

more embodiments; and
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[0015] FIG. 3 depicts a block diagram of a computer system for use in implementing

one or more embodiments.

DETAILED DESCRIPTION

[0016] FIG. 1 shows a transport refrigeration system 20 having a refrigerated trailer.
The trailer may be pulled by a tractor 22. The exemplary trailer includes a container 24
defining an interior compartment 26. It is understood that embodiments described herein may
be applied to shipping containers that are shipped by rail or sea, without use of a tractor 22.
An equipment housing 28 mounted to a front of the container 24 may contain an electric
generator system including an internal combustion engine 30 (e.g., compression
ignition/diesel) and an electric generator 32 mechanically coupled to the engine 30 to be
driven thereby. A refrigeration system 34 may be electrically coupled to the generator 32 to
receive electrical power. Refrigeration system 34 includes a compressor, condenser,
expansion valve and one or more evaporators defining a refrigeration circuit for circulating a
refrigerant, as known in the art. Refrigeration system 34 also includes one or more fans, such
as a condenser fan, evaporator fan or ventilation fan. Embodiments of the invention described
herein power one or more fans (such as a condenser fan, evaporator fan and/or ventilation
fan) using direct current (DC).

[0017] Trailer refrigeration units (TRUs) typically utilize a diesel generator as a
power source to accommodate refrigeration loads. Given some of the drawbacks of diesel
generators, some approaches have been to utilize more electric TRUs. However, this
approach lacks the flexibility to add other cleaner power sources such as solar or power take
off from the engine and/or energy storage such as batteries. In addition, the compressor
speed in the refrigeration system cannot be continuously controlled to match cooling loads so
mechanical devices are often used for part load control which can have an impact on
efficiency. The part-load efficiency refers to a system’s ability to handle part-load energy use
in a refrigeration system. These refrigeration systems generally operate at peak efficiency
when they are working at their maximum capacity and most systems are sized to meet
cooling conditions that occur sparingly. Because of this, refrigeration systems are often
oversized to meet full load demand. However, the full load is rarely needed in practice
compared to the time the system operates at less than full load.

[0018] FIG. 2 depicts a transport refrigeration unit power system according to one or
more embodiments. The transport refrigeration unit power system 200 includes a multi

power conversion unit (MPCU) 112, a micro controller 110, a system controller 114, a
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compressor 116, and at least one variable speed fan 118. The MPCU 112 is electronically
coupled to a battery bank 106 and the at least one variable speed fan 118. The MPCU 112 is
selectively coupled to at least one compressor 116 by switch 126. The MPCU is also
selectively coupled to a generator 102, a mains power 104, and an onboard power source 108
by switch 122. The microcontroller 110 can operate switch 122 and switch 126. The system
controller 114 is in electronic communication with the microcontroller 110 and can be
located within the TRU or be located outside the TRU. The system controller 114 can
receive environmental parameters (e.g., environmental data such as temperature inside the
TRU) from one or more sensors. The sensors can be any type of sensors such as, for
example, temperature sensors or humidity sensors. The environmental parameters received
by the system controller 114 can be used to dictate operation of the TRU power system 200.
For example, if the temperature is remaining within a specified range, the system controller
114 can direct the microcontroller 110 to operate the MPCU 112 in a temperature control
mode. If the temperature is elevated, the system controller 114 can direct the microcontroller
110 to engage the compressor 116 to reduce the temperature inside the TRU.

[0019] In one or more embodiments, the MPCU 112 is a power converter that can
includes an alternating current (AC) to direct current (DC) converter. The AC to DC
converter can be any type of converter such as a passive rectifier or an active rectifier. The
MPCU 112 also can include a DC to AC converter such as a power inverter, for example.
Also, the MPCU 112 can include a DC to DC converter such as a voltage regulator or linear
regulator, for example. The MPCU inputs could be a passive rectifier or an active rectifier,
the interface to the battery bank 106 can be a bidirectional DC to DC converter, and the
interface to the at least one compressor 116 and the at least one fan 118 can be an integrated
variable speed drive. A DC link capacitor bank is shared for all the inputs and output
converters and the DC link voltage is controlled by a battery charger converter, by doing this
the power flow of the sources, loads, and energy storage can be indirectly controlled. When
multiple loads and sources are interfaced by power electronics converters that share the same
DC link capacitor bank the power flow equation seen from the DC link terminals can be
written as follows:

Pyc Link = Pout_1oadt T Pout_toad2 T Pout_1oadn T Pin source 1 Pin_source2 + Piy source n+ P patt

[0020] If there is a mismatch between power input, power output, and power that
goes to the batteries, then Py Link could be negative (Dc link capacitor discharging &
DC link voltage decreases) or could be positive (Dc link capacitor charging & DC link

voltage increases). Hence, the DC link voltage contains information about the power flow in
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the system that can be used to control the battery charger converter to charge or discharge the
battery to keep the power balance between generation and consumption.

[0021] The battery charger converter controls have an outer loop voltage regulator
that control the DC link voltage around a given reference voltage. A mismatch between the
reference and the feedback will produce a reference current to an inner current loop regulator
that controls the current going in or out of the battery. An inner current loop regulator is
featured with a dynamic current limit for charging or discharging the battery that receive the
limits from a supervisory controller (SC) or a battery management system (BMS) which also
includes an additional current reference that could be used by an SC or BMS to keep the
battery state of charge around desired value.

[0022] In addition the MPCU can include an accelerometer and a gyroscope. This is
especially useful when using the power take off from the engine (i.e., onboard power source
108) or power take off from the trailer wheel shaft utilizing an axle generator. An
accelerometer and a gyroscope can be used to estimate the truck driving conditions so that the
MPCU can decide to charge the batteries when the truck is going downhill or deaccelerating
to harvest the truck’s kinetic energy and not charge the battery when the truck is going uphill
or accelerating.

[0023] In one or more embodiments, the multi power converter unit 112 is a +/-
power electronic converter that allows integration of various power sources and energy
storage independently from their capacity to generate power or its internal dynamics. The
MPCU allows transfer of power from the various sources to the load. At the same time, the
MPCU 112 can be used to interface a battery and control the compressor rotational speed to
match cooling requirements avoiding the need for inefficient mechanical part load control
devices. The MPCU incorporates all the power electronics components sensors and control
algorithms of a variable speed drive. Hence, the MPCU 112 can control the motor speed of
the compressor 116 by changing the voltage and frequency applied to the electric motor
mechanically coupled to the at least one compressor 116. As discussed above, refrigeration
systems are often oversized to meet full load demand when full load is indicative of a
compressor 116 during pull down. The at least one compressor 116 may have a range of
operating frequencies, for example, from 35 Hz (such as for startup and minimal cooling
needs) to 100 Hz (pull down) for delivering the highest compressor shaft speed and thus a
highest rate of cooling.

[0024] In one or more embodiments, the TRU power system 200 includes at least two

modes of operation. The first mode of operation is during pull down by the compressor 116



WO 2019/070968 PCT/US2018/054355

where the power demand from the compressor 116 is the highest. During the first mode of
operation, the microcontroller 110, utilizing switch 122 and switch 126, controls the pull
down to come from either the generator 102, the onboard power source 108, or, if available,
the mains power 104. The second mode of operation is during temperature control which
requires a lower power requirement. In second mode, the microcontroller 110, utilizing
switch 126, routes power to the compressor 116 through the MPCU 112. By pulling power,
during pull down, from a power source other than the MPCU 112, the MPCU 112 cost can be
driven down due to reducing sizing requirements and efficiency can improve for the system.
For example, an MPCU can be sized at 25% or 50% of the maximum load requirement
because of the pull down is being handled directly by another power source. This effectively
reduces the range of power needed to be drawn from the MPCU 112. This also allows for
additional power sources to be used with the MPCU 112 such as the battery bank 106. In
other embodiments, power sources such as solar panels can be utilized in addition or in lieu
of the battery bank 106.

[0025] In one or more embodiments, the MPCU 112 is a multi-port power electronics
converter that incorporates all the components, sensors and control algorithms to interface
multiple DC or AC sources, also it can interface multiple loads such as, for example, at least
one compressor 116 and at least on variable speed fan 118. The MPCU 112 can provide
variable voltage and variable frequency to the compressor and fans to control independently
their rotational speed. By controlling the compressors and fans speed the system can match
cooling loads, avoiding the need to use methods that reduces significantly the system
efficiency such as on-off control or refrigerant by-pass valves.

[0026] Referring to FIG. 3, there is shown an embodiment of a processing system 300
for implementing the teachings herein. In this embodiment, the system 300 has one or more
central processing units (processors) 21a, 21b, 21c¢, etc. (collectively or generically referred to
as processor(s) 21). In one or more embodiments, each processor 21 may include a reduced
instruction set computer (RISC) microprocessor. Processors 21 are coupled to system
memory 34 and various other components via a system bus 33. Read only memory (ROM)
22 is coupled to the system bus 33 and may include a basic input/output system (BIOS),
which controls certain basic functions of system 300.

[0027] FIG. 3 further depicts an input/output (I/O) adapter 27 and a network adapter
26 coupled to the system bus 33. I/O adapter 27 may be a small computer system interface
(SCSI) adapter that communicates with a hard disk 23 and/or tape storage drive 25 or any

other similar component. 1/O adapter 27, hard disk 23, and tape storage device 25 are
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collectively referred to herein as mass storage 24. Operating system 40 for execution on the
processing system 300 may be stored in mass storage 24. A network adapter 26 interconnects
bus 33 with an outside network 36, such as wireless networking or Wi-Fi, enabling data
processing system 300 to communicate with other such systems. A screen (e.g., a display
monitor) 35 is connected to system bus 33 by display adaptor 32, which may include a
graphics adapter to improve the performance of graphics intensive applications and a video
controller. In one embodiment, adapters 27, 26, and 32 may be connected to one or more 1/O
busses that are connected to system bus 33 via an intermediate bus bridge (not shown).
Suitable I/O buses for connecting peripheral devices such as hard disk controllers, network
adapters, and graphics adapters typically include common protocols, such as the Peripheral
Component Interconnect (PCI). Additional input/output devices are shown as connected to
system bus 33 via user interface adapter 28 and display adapter 32. A keyboard 29, mouse
30, and speaker 31 all interconnected to bus 33 via user interface adapter 28, which may
include, for example, a Super I/O chip integrating multiple device adapters into a single
integrated circuit.

[0028] In exemplary embodiments, the processing system 300 can interface with the
sensors described above and others sensors such as, for example, environmental sensors,
gyroscopes, accelerometers, global positioning systems (GPS), and the like.

[0029] Thus, as configured in FIG. 3, the system 300 includes processing capability
in the form of processors 21, storage capability including system memory 34 and mass
storage 24, input means such as keyboard 29 and mouse 30, and output capability including
speaker 31 and display 35. In one embodiment, a portion of system memory 34 and mass
storage 24 collectively store an operating system coordinate the functions of the various
components shown in FIG. 3.

[0030] In one or more embodiments, the microcontroller 110 and system controller
114 can be implemented utilizing the system 300 in FIG. 3. The microcontroller 110 and
system controller 114 can be communicatively coupled to sensors taking sensors readings
about the trailer refrigeration system and/or the motor (or rail) vehicle moving the trailer.

[0031] A detailed description of one or more embodiments of the disclosed apparatus
are presented herein by way of exemplification and not limitation with reference to the
Figures.

[0032] The term “about” is intended to include the degree of error associated with

measurement of the particular quantity based upon the equipment available at the time of
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filing the application. For example, “about” can include a range of + 8% or 5%, or 2% of a
given value.

[0033] The terminology used herein is for the purpose of describing particular
embodiments only and is not intended to be limiting of the present disclosure. As used
herein, the singular forms “a”, “an” and “the” are intended to include the plural forms as well,
unless the context clearly indicates otherwise. It will be further understood that the terms

2

“comprises” and/or “comprising,” when used in this specification, specify the presence of
stated features, integers, steps, operations, elements, and/or components, but do not preclude
the presence or addition of one or more other features, integers, steps, operations, element
components, and/or groups thereof.

[0034] While the present disclosure has been described with reference to an
exemplary embodiment or embodiments, it will be understood by those skilled in the art that
various changes may be made and equivalents may be substituted for elements thereof
without departing from the scope of the present disclosure. In addition, many modifications
may be made to adapt a particular situation or material to the teachings of the present
disclosure without departing from the essential scope thereof. Therefore, it is intended that
the present disclosure not be limited to the particular embodiment disclosed as the best mode

contemplated for carrying out this present disclosure, but that the present disclosure will

include all embodiments falling within the scope of the claims.



Claims

1.

A trailer refrigeration unit comprising:

a plurality of power sources (102, 104, 108), wherein the plurality of power

sources are selectively coupled to a power converter (112) and at least one compressor

(116); and

wherein the power converter (112) is coupled to at least one fan (118); and

a first switch (122) configured to selectively couple the power converter (112)

to the plurality of power sources; and

a second switch (126) configured to selectively couple the power converter

(112) to the at least one compressor (116); and

a microcontroller circuit (110), wherein the microcontroller circuit is configured

to:

selectively operate the trailer refrigeration unit in one of a plurality of

modes based on an environmental parameter within the trailer refrigeration unit,

wherein the plurality of modes includes:

2.

a first mode where the at least one compressor (116) is directly
powered by at least one of the plurality of power sources (102, 104, 108)
such that power is routed to the compressor from a power source other
than the power convertor (112), in which the microcontroller circuit
(110) is configured to utilize the first switch (122) and the second switch
(126) to control a pull down to come from one of the plurality of power
sources, and

a second mode where the at least one compressor (116) and at
least one fan (118) are powered by the power convertor (112), in which
the microcontroller circuit (110) is configured to utilize the second
switch (126) to route power to the at least one compressor (116) through
the power converter (112).

The trailer refrigeration unit of Claim 1 further comprising at least one

sensor adapted to determine the environmental parameter within the trailer refrigeration

unit.

3.

The trailer refrigeration unit of Claim 1, wherein at least one of the

plurality of power sources (102) is a diesel generator.



4. The trailer refrigeration unit of Claim 3, wherein at least one of the
plurality of power sources (108) is an onboard diesel engine.

5. The trailer refrigeration unit of Claim 3, wherein at least one of the
plurality of power sources (104) is a mains power supply.

6. The trailer refrigeration unit of Claim 3, wherein at least one of the
plurality of power sources (102) is an axle generator.

7. The trailer refrigeration unit of Claim 1 further comprising at least one
battery (106) coupled to the power converter (112).

8. The trailer refrigeration unit of Claim 1, wherein the power converter
(112) comprises:

at least one alternating current to direct current converter;

at least one direct current to direct current converter; and

at least one direct current to alternating current converter.

0. A refrigeration system (20) comprising:

the trailer refrigeration unit of claim 1, wherein the trailer refrigeration unit
includes an evaporator, and the at least one fan (118) is operable to move air towards

the evaporator.
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