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(57) Abstract: A first duct, second duct, third duct, and fourth duct extend across at least a part of a first zone and at least a part of a
second zone of a vehicle, and each are configured with one or more vents. Each of the vents has an adjustable opening allowing the
transfer of air produced by first or second refrigeration units from the duct. An adjustment is caused to one or more of the position of
the openings of the vents, the operation of the first refrigeration unit, and the operation of the second refrigeration unit. The adjustment
is effective to maintain a first temperature in the first zone and a second temperature in the second zone.
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SYSTEM AND METHOD FOR MANAGING REFRIGERATION TEMPERATURES IN
STORAGE AREAS OF A VEHICLE

Cross-Reference to Related Application

[0001] This application claims the benefit of the following U.S. Provisional Application
No. 62/534,742 filed July 20, 2017, which is incorporated herein by reference in its entirety.

Technical Field

[0002] These teachings relate generally to vehicles that include refrigeration units and,

more specifically, managing the temperature in storage areas of vehicles.

Background
[0003] Vehicles transport various types of goods from location to location. Perishable
products are transported and often require the use of a refrigeration unit to ensure that the

products do not become unusable. Unfortunately, the refrigeration unit fails on some occasions.

[0004] Previous approaches of handling refrigeration unit failure relied upon the use of a
dedicated back-up refrigeration unit when the original unit had failed. However, the back-up
unit would not be operated until the original unit had failed. This was a significant waste of

system resources because the back-up unit was expensive, but was typically seldom needed.

[0005] Another problem associated with previous approaches was that these approaches
failed to adequately cool products being stored in the vehicle. For example, some products
required colder temperatures than other products. It proved difficult to regulate the temperatures
in the storage area of a vehicle so that each product was maintained at its optimum temperature
as circumstances changed. For instance, previous approaches failed to adequately manage
temperatures within the storage area of a vehicle as the outside temperature changed and/or as

the products themselves changed.
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[0006] In any case, previous approaches were typically ad-hoc and resulted in the
inefficient allocation of system resources. Additionally, many products perished due to the
above-mentioned problems, resulting in financial losses for shipping companies and their

customers.

Brief Description of the Drawings

[0007] The above needs are at least partially met through provision of approaches that
manage the refrigeration of storage spaces in vehicles particularly when studied in conjunction

with the drawings, wherein:

[0008] FIG. 1 comprises a diagram of a system as configured in accordance with various

embodiments of these teachings;

[0009] FIG. 2 comprises a flowchart as configured in accordance with various

embodiments of these teachings;

[0010] FIG. 3 comprises a diagram as configured in accordance with various

embodiments of these teachings;

[0011] FIG. 4 comprises a flowchart as configured in accordance with various

embodiments of these teachings.

Detailed Description

[0012] Generally speaking, many of these embodiments provide for a system and method
that manages the refrigeration of products that are transported in vehicles. The vehicle has two
(or more) refrigeration units and each refrigeration unit has two ducts, one duct supplying chilled
air and the other duct supplying freezer air. The units may, in some instances, operate at the
same time, while at other times, only one of the units 1s operating. The positions of vents that are
disposed through the ducts, and the operation of the two refrigeration units are dynamically

controlled to maintain desired temperatures in one or more zones of the vehicle.



WO 2019/018174 PCT/US2018/041604

[0013] In many of these embodiments, a system for refrigerating products includes a
communication network, a vehicle, and a control circuit. A central processing center is coupled
to the communication network. The vehicle includes a transceiver circuit that is coupled to the
communication network and is configured to receive instructions from the central processing
center via the communication network as the vehicle is moving. The vehicle also includes a
storage area, and the storage area includes a bulkhead that divides the storage area into a first
zone and a second zone. The vehicle further includes a first refrigeration unit and a second
refrigeration unit. Each of the refrigeration units create freezer air having a first temperature and
chilled air having a second temperature. The first temperature being less than the second

temperature.

[0014] The vehicle still further includes a first duct (extending from the first refrigeration
unit) supplying freezer air, a second duct extending from the first refrigeration unit (supplying
chilled air), a third duct extending from the second refrigeration unit (supplying freezer air), and
a fourth duct extending from the second refrigeration unit (supplying chilled air). The first duct,
the second duct, the third duct, and the fourth duct extend across at least a part of the first zone
and at least a part of the second zone, and each are configured with one or more vents. Each of
the vents has an adjustable opening allowing the transfer of air from the duct to portions of the

storage area.

[0015] The control circuit is coupled to the transceiver circuit and to the adjustable vents,
and 1s configured to, form instructions that cause an adjustment to one or more of’ a position of
the openings of the vents, an operation of the first refrigeration unit, and an operation of the
second refrigeration unit. The adjustment is effective to maintain the first temperature in the first

zone and the second temperature in the second zone.

[0016] In aspects, the adjustment is determined by one or more of: a first measured
temperature in the first zone and a second measured temperature in the second zone, a measured
exterior temperature of the environment exterior to the vehicle, a first operational condition of

the first refrigeration unit and a second operational condition of the second refrigeration unit, or a
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first type of product stored in the first zone and a second type of product stored in the second

zone. Other examples are possible.

[0017] In other examples, the instructions define a number of vents to open and close in
the first zone and the second zone. In still other examples, the number of vents to open and close
in the first zone and the second zone is determined at the central processing center based at least
in part upon sensed temperature readings obtained in the first zone and the second zone, the
readings being transmitted to the central processing center by the transceiver circuit via the
network. In other aspects, the position of the vents includes a fully open position and a fully

closed position.

[0018] In still other aspects, the instructions cause the first refrigeration unit and the
second refrigeration unit to be operating at the same time. In other aspects, failure of the first
refrigeration unit is detected by the control circuit. Upon detection of the failure, the control
circuit causes a message identifying the failure to be transmitted from the transceiver circuit to

the central processing center via the network.

[0019] In some examples, the bulkhead includes a damper. In other examples, the
damper is adjustable by the control circuit. In yet other examples, the bulkhead is a curtain-like

bulkhead, or an inflatable bulkhead.

[0020] In aspects, controlling the vents could enable at least one temperature zone. For
instance, four zones (quarter-trailer) may be controlled. With the use of a bulkhead and
dynamically controlled vents, there could be three or four zones, one or two on each side of the
bulkhead. In still other examples, there could be more than one bulkhead. For another example,
a zone could be implemented by directing the output of one or more vents at one or more specific

cargo items or pallets.

[0021] In others of these embodiments, instructions from a central processing center are
received via a network at a vehicle as the vehicle is moving. The vehicle has a storage area, and
the storage area includes a bulkhead that divides the storage area into a first zone and a second

zone. The vehicle includes a first refrigeration unit and a second refrigeration unit, and each of
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the refrigeration units supply freezer air with a first temperature and chilled air with a second

temperature. The first temperature is less than the second temperature.

[0022] Freezer air 1s supplied from a first duct extending from the first refrigeration unit.
Chilled air is supplied from a second duct extending from the first refrigeration unit. Freezer air
is supplied from a third duct extending from the second refrigeration unit. Chilled air 1s supplied

from a fourth duct extending from the second refrigeration unit.

[0023] The first duct, the second duct, the third duct, and the fourth duct extend across at
least a part of the first zone and at least a part of the second zone, and each are configured with
one or more vents. Each of the vents has an adjustable opening allowing the transfer of air from
the duct. An adjustment is caused to one or more of the position of the openings of the vents, the
operation of the first refrigeration unit, and the operation of the second refrigeration unit. The
adjustment is effective to maintain the first temperature in the first zone and the second

temperature in the second zone.

[0024] Referring now to FIG. 1, a system maintaining the temperatures of refrigerated
products being transported in a vehicle includes a communication network 102, a vehicle 104, a
database 106, and a control circuit 108. The vehicle 104 includes a transceiver circuit 110 and

the transceiver circuit 110 1s communicatively coupled to the network 102.

[0025] The communication network 102 may be any network or combination of
networks. In examples, the network 102 may be the cloud, the internet, cellular networks, local
or wide area networks, or any combination of these (or other) networks. The network 102 may
include various electronic devices (e.g., routers, gateways, and/or processors to mention a few

examples).

[0026] The vehicle 104 is any vehicle such as a truck, tractor-trailer, or automobile that is
configured to store and move products. The vehicle 104 also includes a storage area 120, the
storage area 120 including a bulkhead 122 that divides the storage area into a first zone 124 and a
second zone 126. The vehicle 104 further includes a first refrigeration unit 112 and a second

refrigeration unit 114. Each of the refrigeration units 112, 114 create freezer air having a first



WO 2019/018174 PCT/US2018/041604

temperature and chilled air having a second temperature. The first temperature is less than the
second temperature. In examples the freezer air is effective to keep products in a frozen state,

while the chilled air is sufficient to maintain products in a non-frozen, but chilled state.

[0027] The vehicle 104 still further includes a first duct 130 extending from the first
refrigeration unit 112 and supplying freezer air, a second duct 132 extending from the first
refrigeration unit 112 and supplying chilled air, a third duct 134 extending from the second
refrigeration unit 114 and supplying freezer air, and a fourth duct 136 extending from the second
refrigeration unit 114 and supplying chilled air. The first duct 130, the second duct 132, the third
duct 134, and the fourth duct 136 extend across at least a part of the first zone 124 and at least a
part of the second zone 126, and each are configured with one or more vents 113. The ducts 130,
132, 134, and 136 may be hollow passageways that direct air from the refrigeration units 112,
and 114 to the storage areas of the vehicle. In one example, the ducts 130, 132, 134, and 136 are

formed by four walls that are arranged at right angles to each other.

[0028] Each of the vents 113 extends through wall of the ducts 130, 132, 134, and 136,
and include adjustable openings allowing the transfer of air from the interior of the duct to
storage areas in the vehicle. In these regards an actuation mechanism 115 (e.g., a motor that has
levers, arms, or other structures to adjust an amount of opening in a particular vent) may be
coupled to the vents 113. The actuation mechanism 115 is also coupled to the transceiver 110.
Instructions received at the transceiver 110 control the actuation mechanism 115, which in turn
controls the amount of opening (e.g., open, closed, or percent open) of the vents 113. In other

examples, separate actuation mechanisms are disposed at each of the vents 113.

[0029] The transceiver circuit 110 is configured to transmit and receive information from
the vehicle 104. The transceiver circuit 110 may allow a driver in the vehicle 104 via the
network 102 to transmit and receive messages from a central control center 115. As mentioned,
instructions are also received from the control circuit 108 that adjust the amount of opening of
the vents 113. The transceiver 110 is additionally coupled to the first refrigeration unit 112 and
the second refrigeration unit 114. The same or other instructions that control vents 113 control

the operation of the refrigeration units 112 and 114 (e.g., activating or deactivating these units).
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The refrigeration units 112 and 114 may also report failures (or the operational status) of

themselves to the control circuit 108.

[0030] Sensors 117 are disposed in the first zone 124 and the second zone 126 and are
coupled to the transceiver 110. In aspects, the sensors 117 measure the temperature of the zones
and the sensed temperatures are sent to the control circuit 108 via the transceiver 110 and

network 102.

[0031] The control circuit 108 and the database 106 are disposed at the central control
center 115. The transceiver circuit 110 may implemented as any combination of electronic

hardware and software.

[0032] The database 106 is disposed at a central processing center 114 and stores
information concerning products stored in the storage area 120 including the pattern of product
storage (1.e., which products are stored in the first zone 124, and which products are stored in the
second zone 126). Other information that can be stored in the database 106 includes the cooling
requirements of the products, the number of products, and the type of products. Some or all of
this information can be used by the control circuit to issue instructions to control the operation of
the refrigeration units 112 and 114, and/or the vents 113.

[0033] The control circuit 108 is disposed at the central processing center 114 and is
communicatively coupled to the network 102. It will be appreciated that as used herein the term
“control circuit” refers broadly to any microcontroller, computer, or processor-based device with
processor, memory, and programmable input/output peripherals, which is generally designed to
govern the operation of other components and devices. It is further understood to include common
accompanying accessory devices, including memory, transceivers for communication with other
components and devices, etc. These architectural options are well known and understood in the
art and require no further description here. The control circuit 108 may be configured (for example,
by using corresponding programming stored in a memory as will be well understood by those

skilled in the art) to carry out one or more of the steps, actions, and/or functions described herein.
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[0034] In other examples, the control circuit 108 is disposed at the vehicle 104. In still
other examples, the functions of the control circuit may be split between the vehicle 104 and the

central processing center 114.

[0035] The control circuit 108 is coupled to the transceiver circuit 110 and to the
adjustable vents 113, and is configured to, form instructions that cause an adjustment to one or
more of: a position of the openings of the vents (e.g., using the actuation mechanism 115), an
operation of the first refrigeration unit 112, and an operation of the second refrigeration unit 114.
The adjustment is effective to maintain the first temperature in the first zone 124 and the second
temperature in the second zone 126. The zones 124 and 126 are generally self-contained storage

areas in which a prescribed temperature is maintained.

[0036] In aspects, the adjustment is determined by one or more of: a first measured
temperature in the first zone and a second measured temperature in the second zone (e.g., using
the sensors 117); a measured exterior temperature of the environment exterior to the vehicle
(e.g., using a temperature sensor 121 coupled to the exterior of the vehicle 104); a first
operational condition of the first refrigeration unit 112 and a second operational condition of the
second refrigeration unit 114 (as reported by these units); and a first type of product stored in the
first zone and a second type of product stored in the second zone (with the product type being

stored in the database 106). Other examples are possible.

[0037] In other examples, the instructions define a number of vents 113 to open and close
in the first zone 124 and the second zone 126. In still other examples, the number of vents 113 to
open and close in the first zone and the second zone is determined at the central processing
center 115 based at least in part upon sensed temperature readings obtained in the first zone 124
and the second zone 126 (obtained by the sensors 117). The readings are transmitted to the
central processing center by the transceiver circuit 110 via the network 102. In other examples,

the position of the vents 113 includes a fully open position and a fully closed position.

[0038] In aspects, the instructions cause the first refrigeration unit 112 and the second
refrigeration unit 114 to be operating at the same time. In other aspects, failure of the first

refrigeration unit 112 is detected by the control circuit 108. In examples and upon detection of



WO 2019/018174 PCT/US2018/041604

the failure, the control circuit 108 causes a message identifying the failure to be transmitted from

the transceiver circuit 110 to the central processing center 115 via the network 102.

[0039] In some examples, the bulkhead 122 includes a damper. In other examples, the
damper that has a position that is adjustable by the control circuit 108. In yet other examples, the

bulkhead 1s one of: a curtain-like bulkhead, or an inflatable bulkhead.

[0040] As for the inflatable bulkhead, this may be a balloon-like structure deployed or
secured somewhere in or at the vehicle (e.g., at the ceiling or the roof of the vehicle) that would
inflate to displace the amount of air at the top of the vehicle thus increasing the efficiency and
speed of cooling. In other words, the inflatable bulkhead would act as an air displacement

device.

[0041] Referring now to FIG. 2, an approach for taking action upon the failure of a
refrigeration unit at a vehicle is described. At step 202, instructions from a central processing
center are received via a network at a vehicle as the vehicle is moving. The vehicle has a storage
area, and the storage area includes a bulkhead that divides the storage area into a first zone and a
second zone. The vehicle includes a first refrigeration unit and a second refrigeration unit, and
each of the refrigeration units supply freezer air with a first temperature and chilled air with a

second temperature. The first temperature is less than the second temperature.

[0042] At step 204, freezer air is supplied from a first duct extending from the first
refrigeration unit. Chilled air is supplied from a second duct extending from the first

refrigeration unit.

[0043] At step 206, freezer air is supplied from a third duct extending from the second
refrigeration unit. Chilled air is supplied from a fourth duct extending from the second

refrigeration unit.

[0044] The first duct, the second duct, the third duct, and the fourth duct extend across at
least a part of the first zone and at least a part of the second zone, and each are configured with
one or more vents. Each of the vents has an adjustable opening allowing the transfer of air from

the duct. The ducts may be formed of walls that are configured as passageways to move air from
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the refrigeration unit to the storage areas of the vehicle. In one example, the ducts may be pipes
or pipe-like structures. In other examples, the ducts are formed from four walls that form an

interior passageway for directing or moving the air. Other examples are possible.

[0045] At step 208, based upon the instructions, an adjustment is caused to the position
of the openings of the vents, the operation of the first refrigeration unit, or the operation of the
second refrigeration unit. The adjustment is effective to maintain the first temperature in the first

zone and the second temperature in the second zone.

[0046] Various approaches can be used to determine the adjustment that is
communicated in the instructions. For instance, the type of items being transported, the cooling
requirements of these items, and the outside air temperature may all be analyzed to determine an

appropriate action. Other examples are possible.

[0047] Referring now to FIG. 3, one example of a layout of a vehicle 300 is described.
The vehicle 300 includes a storage area 302, which is divided into a first zone 304, a second zone

306, and a third zone 308.

[0048] A first refrigeration unit 312 and a second refrigeration unit 314 produce chilled
air and freezer air. A first duct 330 extending from the first refrigeration unit 312 and supplying
freezer air, a second duct 332 extending from the first refrigeration unit 312 and supplying
chilled air, a third duct 334 extending from the second refrigeration unit 314 and supplying
freezer air, and a fourth duct 336 extending from the second refrigeration unit 314 and supplying
chilled air. Freezer air is of sufficient temperature (e.g., O degrees F) to keep a product frozen,
while chilled air is sufficient to maintain a sufficient temperature (e.g., 32 degrees F) to keep a

product chilled (prevent the product from decaying), but not freeze the product.

[0049] Various vents (shown as boxes in the ducts and labeled as 313) pierce the ducts
and allow air in the ducts to flow into the zones 304, 306, and 308. In this example, both

refrigeration units 312 and 314 are operating. An “x” indicates a particular vent 313 is closed,
while an “0” indicates that the vent is open. The pattern so-formed (for each of the zones 304,

306, and 308) forms a vent pattern. Various vent patterns may be stored in memory (e.g., the
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data storage 106 of FIG. 1) and be implemented given a set of input conditions. In this example,
the first zone 304 stores frozen items or products, the second zone 306 stores frozen items or

products, and the third zone 308 stores chilled items or products.

[0050] The zones are separated bulkheads 340 and 342. In aspects, the bulkheads 340
includes dampers 344, and the bulkhead 342 includes dampers 346 which allow for the
circulation of air upon refrigeration unit failure. The dampers are controlled openings (that can
be opened or closed) that allow air to circulate as between the zones 304, 306, and 308. Thus,
even without any refrigeration unit operating it may be possible to maintain an adequate
temperature within the zones 304, 306, and 308 to preserve some products. In yet other

examples, the bulkhead is one of: a curtain-like bulkhead, or an inflatable bulkhead.

[0051] Referring now to FIG. 4, one example of an approach that issues instructions to
manage the air temperature in zones within a vehicle is described. This example assumes that a

sensor measures the outside air temperature. Two refrigeration units are used.

[0052] The outside air temperature will be considered “hot” when the measured
temperature is above a first threshold. The outside air temperature will be considered “cold”
when the measured temperature is below a second threshold. The outside air temperature will be
considered “middle range” when the temperature is between the first threshold and the second

threshold. In some aspect, “hot” is above a threshold, while “cold” is below the same threshold.

[0053] The vehicle is assumed to have two compartments with two possible product
configurations allowable in this example. In a first product configuration, one compartment has
ice cream (requiring frozen air), and the other vegetables (requiring chilled air). In a second

product configuration, both the first and the second compartments include vegetables.

[0054] Two air ducts extend from each refrigeration unit. Each duct as vents that have

openings, which can be adjusted to be opened and closed. A vent pattern describes which vents

w2

are open and closed. In this example, there will be five patterns. Within a pattern, “x” represents

that a particular vent is closed, while an “0” represents that a particular vent is open. In this

example, two vents are present within each zone per duct (with four vents total per duct). It will
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be appreciated that there is not a dedicated back-up that can only be used upon failure of a main

unit. In other words, both units can be used or active during normal operation.

[0055] The approach uses the measured outside air temperature 412, a product
configuration pattern 414 to determine a vent pattern and activation pattern for refrigeration units
(on or off) to use. The vent pattern and activation pattern are translated into control signals (e.g.,

instructions) that operate the physical devices that implement the selection.

[0056] At step 402, when the temperature is “hot” and the first product configuration
exists, the first refrigeration unit is activated, the second refrigeration unit is activated, and a first
vent pattern 420 is utilized. The refrigeration unit operation pattern and the selected vent pattern

are effective to maintain the zones in the desired temperatures.

[0057] At step 404, when the temperature is “hot” and the second product configuration
exists, the first refrigeration unit is activated, the second refrigeration unit is deactivated, and a
second vent pattern 422 is utilized. The refrigeration unit operation pattern and the selected vent

pattern are effective to maintain the zones in the desired temperatures.

[0058] At step 406, when the temperature is “cold” and the first product configuration
exists, the first refrigeration unit is activated, the second refrigeration unit is deactivated, and a
third vent pattern 424 is utilized. The refrigeration unit operation pattern and the selected vent

pattern are effective to maintain the zones in the desired temperatures.

[0059] At step 408, when the temperature is “cold” and the second product configuration
exists, the first refrigeration unit is deactivated, the second refrigeration unit is deactivated, and a
fourth vent pattern 426 is utilized. The refrigeration unit operation pattern and the selected vent

pattern are effective to maintain the zones in the desired temperatures.

[0060] At step 410, when the temperature is “middle range” and the first product
configuration exists, the first refrigeration unit is activated, the second refrigeration unit is
deactivated, and a fifth vent pattern 428 is utilized. The refrigeration unit operation pattern and

the selected vent pattern are effective to maintain the zones in the desired temperatures.
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[0061] At step 412, when the temperature is “middle range” and the second product
configuration exists, the first refrigeration unit is activated, the second refrigeration unit is
deactivated, and a sixth vent pattern 430 is utilized. The refrigeration unit operation pattern and

the selected vent pattern are effective to maintain the zones in the desired temperatures.

[0062] In these examples, the vents may be controlled by a motor and/or other actuation
devices. A control signal (or signals) 442 is sent from a control circuit to the motor/actuation
apparatus to open or close the vent to fit the pattern. Similarly, the same or a separate control
signal is sent from the control circuit to the refrigeration units to either activate the refrigeration
unit or deactivate the refrigeration units. A mapping table 440 may be used to translate a
determined vent pattern 420, 422, 424, 426, 428, or 438 and activation pattern (on or off) for the
refrigeration units into the appropriate control signal or signals 442 that actually implement and

control the pattern within the vehicle. Other examples of data structures can also be used.

[0063] Those skilled in the art will recognize that a wide variety of modifications,
alterations, and combinations can be made with respect to the above described embodiments
without departing from the scope of the invention, and that such modifications, alterations, and

combinations are to be viewed as being within the ambit of the inventive concept.
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What is claimed is:

1. A system for refrigerating products, the system comprising:

a communication network;

a central processing center coupled to the communication network;

a vehicle, the vehicle including:

- a transceiver circuit coupled to the communication network, the transceiver circuit
configured to receive instructions from the central processing center via the communication
network as the vehicle is moving;

- a storage area, the storage area including a bulkhead that divides the storage area into a
first zone and a second zone;

- a first refrigeration unit and a second refrigeration unit, each of the refrigeration units
creating freezer air having a first temperature and chilled air having a second temperature, the
first temperature being less than the second temperature;

- a first duct extending from the first refrigeration unit and supplying freezer air, and a
second duct extending from the first refrigeration unit and supplying chilled air;

- a third duct extending from the second refrigeration unit and supplying freezer air, and a
fourth duct extending from the second refrigeration unit and supplying chilled air;

wherein the first duct, the second duct, the third duct, and the fourth duct extend across at
least a part of the first zone and at least a part of the second zone, and each are configured with
one or more vents, each of the vents having an adjustable opening allowing the transfer of air
from the duct;

a control circuit coupled to the transceiver circuit and to the adjustable vents, the control
circuit being configured to, form the instructions, the instructions causing an adjustment to one
or more of: a position of the openings of the vents, an operation of the first refrigeration unit, and
an operation of the second refrigeration unit, the adjustment being effective to maintain the first

temperature in the first zone and the second temperature in the second zone.
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2. The system of claim 1, wherein the adjustment i1s determined by one or more of’ a
first measured temperature in the first zone and a second measured temperature in the second
zone; a measured exterior temperature of the environment exterior to the vehicle; a first
operational condition of the first refrigeration unit and a second operational condition of the
second refrigeration unit; and a first type of product stored in the first zone and a second type of

product stored in the second zone.

3. The system of claim 1, wherein the instructions define a number of vents to open

and close 1n the first zone and the second zone.

4. The system of claim 1, wherein the number of vents to open and close in the
first zone and the second zone is determined at the central processing center based at least in part
upon sensed temperature readings obtained in the first zone and the second zone, the readings

being transmitted to the central processing center by the transceiver circuit via the network.

S. The system of claim 1, wherein the position of the vents includes a fully open

position and a fully closed position.

6. The system of claim 1, wherein the instructions cause the first refrigeration unit

and the second refrigeration unit to be operating at the same time.

7. The system of claim 1, wherein a failure of the first refrigeration unit is detected

by the control circuit.

8. The system of claim 7, wherein upon detection of the failure, the control circuit
causes a message identifying the failure to be transmitted from the transceiver circuit to the

central processing center via the network.
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9. The system of claim 1, wherein the bulkhead includes a damper.
10. The system of claim 9, wherein a position of the damper is adjustable by the

control circuit.

11. The system of claim 1, wherein the bulkhead is one of: a curtain-like bulkhead, or
an inflatable bulkhead.

12. A method for refrigerating products, the method comprising:

receiving instructions from a central processing center via the network at a vehicle as the
vehicle is moving, wherein the vehicle has a storage area, the storage area including a bulkhead
that divides the storage area into a first zone and a second zone, wherein the vehicle includes a
first refrigeration unit and a second refrigeration unit, each of the refrigeration units supplying
freezer air with a first temperature and chilled air with a second temperature, the first
temperature being less than the second temperature,

supplying freezer air from a first duct extending from the first refrigeration unit;

supplying chilled air from a second duct extending from the first refrigeration unit;

supplying freezer air from a third duct extending from the second refrigeration unit;

supplying chilled air from a fourth duct extending from the second refrigeration unit;

wherein the first duct, the second duct, the third duct, and the fourth duct extend across at
least a part of the first zone and at least a part of the second zone, and each are configured with
one or more vents, each of the vents having an adjustable opening allowing the transfer of air
from the duct;

based upon the instructions, causing an adjustment to one or more of: a position of the
openings of the vents, an operation of the first refrigeration unit, and an operation of the second
refrigeration unit, the adjustment being effective to maintain the first temperature in the first

zone and the second temperature in the second zone.
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13.  The method of claim 12, wherein the adjustment is determined by one or more
of: a first measured temperature in the first zone and a second measured temperature in the
second zone; a measured exterior temperature of the environment exterior to the vehicle; a first
operational condition of the first refrigeration unit and a second operational condition of the
second refrigeration unit; and a first type of product stored in the first zone and a second type of

product stored in the second zone.

14. The method of claim 12, wherein the instructions define a number of vents to

open and close in the first zone and the second zone.

15. The method of claim 12, wherein the number of vents to open and close in the
first zone and the second zone is determined at the central processing center based at least in part
upon sensed temperature readings obtained in the first zone and the second zone, the readings

being transmitted to the central processing center by the transceiver circuit via the network.

16. The method of claim 12, wherein the position of the vents includes a fully open

position and a fully closed position.

17. The method of claim 11, wherein the instructions cause the first refrigeration unit

and the second refrigeration unit to be operating at the same time.

18. The method of claim 12, further comprising detecting a failure of the first

refrigeration unit.

19. The method of claim 18, wherein upon detection of the failure, transmitting a

message identifying the failure.
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20. The method of claim 12, wherein the bulkhead includes a damper.

21. The method of claim 20, wherein a position of the damper 1s adjustable by the

control circuit.

22. The method of claim 12, wherein the bulkhead is one of a curtain-like bulkhead,
or an inflatable bulkhead.



PCT/US2018/041604

WO 2019/018174

1/4

[ DIA

At A

7 \A
/
511 ,\ T
{ VI/M
AT
i
( X
071 .
\ ey A \,f\ AN
% zgy T A ot
v
P11 ,/,_ ¥
LN T il 34 P T \ ,,,
\ O B R Ve e S
GET ] uinln uin _ \
BT T B ET T ro ) §
VET —pred Juinin! 1
€1 wwq.n/..“ ~ B ¢ Mw,./w... . I . e Y
T4 e B | e w il /
QeT ] HINEN NinEs m
. //M \\ \ m - r“r!\\ 1 .r\t.\. -
s 7T T, / ;
N A ) 7N \ N \ | JL
97 £1Y FEL £l Y 51T 711 171



WO 2019/018174 PCT/US2018/041604

2/4
f""”-‘MN‘\\
e )
¥
RECEIVE INSTRUCTIONS - 202
¥
SUPPLY FREEZER AND CHILLED AIR FROM FIRST | 204

REFRIGERATION UNIT

¥

SUPPLY FROZEN AND CHILLED AIR FROM SECOND | 206
REFRIGERATION UNIT

¥

ADIUSTMENT APPLIED . 208

K EM)\

i . ..._.-..—-""

FiG.



PCT/US2018/041604

WO 2019/018174

3/4

& DIAd

G3s010=X

NIdO=0
{80€) £INOZ {908) TINOZ {(y0£) TINGT 5T
\
¥
§TE  SPE. ETE WPE. €1E
k = i T %,
[ i i \ |
ECf P i M P YL X P XX Yl b b xixiu YR PX b Xl
PEET I x il K i XXX cloiociololo Xl XX ixixix
CEE—— I w | X I X i X 1 %Y X ix i1 xixix oloicliololo
0tt—— i1gloioioiolo Xixixixixix ¥ ixlxixixlx
GO e YPE ] i
4 - OVE o h
\ /
.’
< Z1¢




PCT/US2018/041604

WO 2019/018174

4/4

Y 4
z A8V ONiddYiIN o
{207 STYNDIS TOHINGD —
| 2% 7
m ﬁ | w
LING HINDY zaﬁﬁxmmwmmwﬂm LING HIND FIND
NOULYH3DIY43Y NOLLYYADIMEAEY Qzumumq NOLYHIDH AT NOLIYHIDNA3 NOLVYID 43
{NOIES O3S JIWALL qﬁm . OMNO33S L O N MO8
FINALLOYEO . FVADYIE - o .mz N AIVAILIOYEO - F1YAIIDVIC FIVALLDY
LN LINDG NOLLYY IO 40 LMD LING LIND
NOLLYYIDRA3Y MNOLYYE3OIH43Y ey NOLEYYEISE43Y MNOLIPHIDI43Y NOUEYHISM43Y
5 dIALL ® : ® N : Y e i 4
A58 JIYALLDY 1SHIH IVALLDY VALLIYIA ASH JIYALLDY 1S4 3IYALIDY FSHH AIVALLDY
3 N - 2 - -
MHALIYd MYdlivd MNHALEYd NY3LiYd NHdliYd MHalIYd
IMNIAHLYS INIAHLY INIAHLY INIAQHE ARIAGNT LNIA LSH
F-y -y % -3 Fy 3
/ / / / / /
\ \ \ \ \ \
ONZ NGO I5T SSHANGD GNZ G4N0S ST SH4NOD N7 JDHNGD AST (SN0
GHAL Sd NG L A SdiEL 00 43l Q03 diN3L 10H dN3L JOH diNGL
B e A Sy s
T T T e T e el el Y J/
T T T R e e e
/:II!:./: ///f R Il R
Tl NY3LIVY

NOLYHNOHENGD 13N00Yd

/

viv

FHOIVEIdWEL UV

[N




INTERNATIONAL SEARCH REPORT

International application No.
PCT/US2018/041604

A. CLASSIFICATION OF SUBJECT MATTER

IPC(8) - B60H 1/32; B6OP 3/20; F25D 3/10; F25D 11/0

CPC -
F25D 17/065 (2018.08)

0; F25D 17/00; F25D 17/08; F25D 19/00 (2018.01)

B60H 1/32; B60H 1/00014; B60P 3/20; B60P 3/205; F25D 11/003; F25D 17/00; F25D 17/04,

According to International Patent Classification (IPC) or to both national classification and IPC

B.  FIELDS SEARCHED

See Search History document

Minimum documentation searched (classification system followed by classification symbols)

USPC - 62/56; 62/89; 62/186; 62/190; 62/239; 62/407; 62/408 (keywo

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

rd delimited)

Electronic data base consulted during the international search (name of

See Search History document

data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A US 4,553,584 A (BLOOMQUIST) 19 November 1985 (19.11.1985) entire document 1-22
A US 2011/0193710 A1 (MCILVAIN et al) 11 August 2011 (11.08.2011) entire document 1-22
A US 2007/0040647 A1 (SAENZ et al) 22 February 2007 (22.02.2007) entire document 1-22
A US 5,054,295 A (GOULOOZE) 08 October 1991 (08.10.1991) entire document 1-22
A US 2009/0288438 A1 (VIEGAS) 26 November 2009 (26.11.2009) entire document 1-22

D Further documents are listed in the continuation of Box C.

|:| See patent family annex.

* Special categories of cited documents:

“A” document defining the general state of the art which is not considered
to be of particular relevance

“E” earlier application or patent but published on or after the international
filing date .

“L” document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

“O" document referring to an oral disclosure, use, exhibition or other
means

“P”  document published prior to the international filing date but later than

the priority date claimed

“T” later document published after the international filing date or priority

date and not in conflict with the apﬂlication but cited to understand
the principle or theory underlying the invention

document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

wyn

“Y* document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&” document member of the same patent family

Date of the actual completion of the international search

27 August 2018

Date of mailing of the international search report

13 SEP 2018

Name and mailing address of the ISA/US

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents
P.O. Box 1450, Alexandria, VA 22313-1450

Facsimile No. 571-273-8300

Authorized officer
Blaine R. Copenheaver

PCT Helpdesk: 571-272-4300
PCT OSP: 571-272-7774

Form PCT/ISA/210 (second sheet) (January 2015)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - claims
	Page 17 - claims
	Page 18 - claims
	Page 19 - claims
	Page 20 - claims
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - wo-search-report

