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CARGO-NEUTRAL DIAGNOSTIC SYSTEM, CLIMATE CONTROLLED MOBILE
CARGO CONTAINER HAVING A CARGO-NEUTRAL DIAGNOSTIC SYSTEM
AND METHOD

BACKGROUND

[0001] Exemplary embodiments pertain to the art of climate controlled mobile cargo
containers and, more particularly, to a climate controlled mobile cargo container having a
cargo-neutral diagnostic system.

[0002] Climate control systems include a number of active and passive components
that operate synergistically to environmentally condition a space. In some cases, that space
may take the form of a mobile container use to transport cargo from one location to another.
Both the passive and active components are subject to periodic maintenance including
diagnostic testing. Diagnostic testing is performed when the space is empty to avoid having a

negative impact on cargo.

BRIEF DESCRIPTION

[0003] Disclosed is a cargo-neutral climate control diagnostic system for a climate
controlled mobile container including a controller configured and disposed to be connected to
one or more climate control components. The controller is configured and disposed to
identify a cargo-neutral test opportunity and conduct a test to determine an operational state
of the one or more climate control components of the climate controlled mobile cargo
container while maintaining selected environmental conditions.

[0004] In addition to one or more of the features described above or below, or as an
alternative, further embodiments could include wherein the cargo-neutral test opportunity
includes a transition from a first operating mode to a second operating mode.

[0005] In addition to one or more of the features described above or below, or as an
alternative, further embodiments could include wherein the first operating mode includes one
of a system start-up mode, a cooling mode, a fan speed mode, and a defrost mode.

[0006] In addition to one or more of the features described above or below, or as an
alternative, further embodiments could include wherein the second operating mode includes
another of the cooling mode, the fan speed mode, and the defrost mode.

[0007] In addition to one or more of the features described above or below, or as an
alternative, further embodiments could include wherein the test includes at least one of an

electrical response test, a sensor response test, a multiple sensor correlation test, a
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system/environment correlation test, and a refrigerant flow test.

[0008] Also disclosed is a climate controlled mobile cargo container including a
container body having an outer surface and an interior storage compartment. A climate
control system is operatively connected to condition the interior storage compartment. The
climate control system includes a plurality of climate control components. A cargo-neutral
climate control diagnostic system includes a controller connected to one or more of the
plurality of climate control components. The controller is configured and disposed to identify
a cargo-neutral test opportunity and conduct a test to determine an operational state of the one
or more climate control components of the climate controlled mobile cargo container while
maintaining selected environmental conditions.

[0009] In addition to one or more of the features described above or below, or as an
alternative, further embodiments could include wherein the cargo-neutral test opportunity
includes a transition from a first operating mode to a second operating mode.

[0010] In addition to one or more of the features described above or below, or as an
alternative, further embodiments could include wherein the first operating mode includes one
of a system start-up mode, a cooling mode, a fan speed mode, and a defrost mode.

[0011] In addition to one or more of the features described above or below, or as an
alternative, further embodiments could include wherein the second operating mode includes
another of the cooling mode, the fan speed mode, and the defrost mode.

[0012] In addition to one or more of the features described above or below, or as an
alternative, further embodiments could include wherein the test includes at least one of an
electrical response test, a sensor response test, a multiple sensor correlation test, a
system/environment correlation test, and a refrigerant flow test.

[0013] Further disclosed is a method of conducting a cargo-neutral diagnostic test of a
climate controlled mobile cargo container. The method includes detecting a cargo-neutral
testing opportunity having a cargo-neutral test period, and running a diagnostic test of one or
more climate control components of the climate controlled mobile cargo container during the
cargo-neutral test period.

[0014] In addition to one or more of the features described above or below, or as an
alternative, further embodiments could include wherein detecting a cargo-neutral testing
opportunity includes determining a first operating mode, a second operating mode and a
transition from the first operating mode to the second operating mode.

[0015] In addition to one or more of the features described above or below, or as an

alternative, further embodiments could include wherein determining the first operating mode
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includes sensing a current operating mode and determining the second operating mode
includes predicting a future operating mode.

[0016] In addition to one or more of the features described above or below, or as an
alternative, further embodiments could include wherein determining the first operating mode
includes sensing one of a system start-up mode, a cooling mode, a fan speed mode, and a
defrost mode.

[0017] In addition to one or more of the features described above or below, or as an
alternative, further embodiments could include wherein determining the second operating
mode includes predicting another of the cooling mode, the fan speed mode, and the defrost
mode.

[0018] In addition to one or more of the features described above or below, or as an
alternative, further embodiments could include wherein running the diagnostic test includes
running at least one of an electrical response test, a sensor response test, a multiple sensor
correlation test, a system/environment correlation test, and a refrigerant flow test.

[0019] In addition to one or more of the features described above or below, or as an
alternative, further embodiments could include wherein running the diagnostic test includes
running a diagnostic of one or more active climate control components.

[0020] In addition to one or more of the features described above or below, or as an
alternative, further embodiments could include wherein running the diagnostic test includes
selecting a cargo-neutral diagnostic test of at least one of the one or more climate control
components.

[0021] In addition to one or more of the features described above or below, or as an
alternative, further embodiments could include wherein selecting the cargo-neutral diagnostic
test includes selecting a cargo-neutral diagnostic test sequence of the cargo-neutral diagnostic
test.

[0022] In addition to one or more of the features described above or below, or as an
alternative, further embodiments could include wherein running the diagnostic test of one or
more climate control components includes implementing a passive diagnostic test of the one

or more climate control components.

BRIEF DESCRIPTION OF THE DRAWINGS
[0023] The following descriptions should not be considered limiting in any way.
With reference to the accompanying drawings, like elements are numbered alike:

[0024] FIG. 1 depicts a partially cut-away view of a climate controlled mobile cargo
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container including a cargo-neutral diagnostic system, in accordance with an exemplary
embodiment; and
[0025] FIG. 2 depicts a flow chart illustrating a method of conducting a cargo-neutral

diagnostic test of the climate controlled mobile cargo container of FIG. 1.

DETAILED DESCRIPTION

[0026] A detailed description of one or more embodiments of the disclosed apparatus
and method are presented herein by way of exemplification and not limitation with reference
to the Figures.

[0027] A climate controlled mobile cargo container system, in accordance with an
exemplary embodiment, is indicated generally at 2, in FIG. 1. Climate controlled mobile
cargo container system 2 includes a transport vehicle 4 having a bed 6 supported by a
plurality of wheels indicated generally at 8. A climate controlled mobile cargo container 12
is supported on bed 6. Climate controlled mobile cargo container 12 includes a body 14
having an outer surface 16 and an interior storage compartment 18. Interior storage
compartment 18 maintains selected environmental conditions which facilitate transportation
of various types of cargo. The selected environmental conditions may include temperature,
humidity, and the like. At this point, it should be understood that the climate controlled
mobile container may take on a variety of forms including climate controlled containers
suitable for rail transport, ocean/sea/river transport, overland transport, aerial transport, and
the like.

[0028] In accordance with an exemplary embodiment, climate controlled mobile
cargo container 12 includes a climate control system 24 that is operated to establish and
maintain the selected environmental conditions in interior storage compartment 18. Climate
control system 24 may operate as a refrigeration system and/or a heating system depending
upon a desired environment in interior storage compartment 18. Climate control system 24
includes a housing 28 that may be mounted to outer surface 16. Of course, it should be
understood, that housing 28 may also be mounted within interior storage compartment 18.
Housing 28 surrounds a plurality of climate control components indicated generally at 30. It
should be understood, that climate control system 24 may include additional climate control
components arranged in interior storage compartment 18.

[0029] Plurality of climate control components 30 may include a compressor 32, an
evaporator 34, sensors 36, fans 38, a heater 40, valves 42, and a condenser 44. Sensors 36

may detect various parameters associated with climate control system 24 and/or interior
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storage compartment 18. Fans 38 may be provided at evaporator 34 and condenser 44.
Valves 42 may be arranged to control a flow of refrigerant through climate control system 24.
At this point it should be understood that the number, type, arrangement, and inter-
connectivity of the plurality of climate control components 30 may vary.

[0030] In accordance with an exemplary embodiment, climate control system 24
includes a cargo-neutral climate control diagnostic system 46. Cargo-neutral climate control
diagnostic system 46 includes a controller 50 and a diagnostic test module 54 which, as will
be discussed more fully below, establishes and runs cargo-neutral diagnostic tests of one or
more of the plurality of climate control components 30. At this point, it should be
understood, that the term “cargo-neutral” defines a diagnostic test that may be performed
without having more than a minimal impact on the selected environmental conditions within
interior storage compartment 18. In this manner, diagnostic tests may be performed on one
or more of the plurality of climate control components 30 while interior storage compartment
18 houses and maintains a cargo load (not shown) at selected environmental conditions.

[0031] Reference will now follow to FIG. 2 in describing a method 80 of conducting
a cargo-neutral diagnostic of climate control system 24. Diagnostic test module 54 identifies
a cargo-neutral test opportunity in block 82. A cargo-neutral test opportunity may represent a
transition between a first mode of operation and a second mode of operation. At this point, it
should be understood that a mode represents a collection of machinery states. A “cargo-
neutral test opportunity”, in accordance with an aspect of an exemplary embodiment,
represents a transition in machinery states as well as an impact on one or more of the plurality
of climate control components 30 and/or the selected environmental conditions that may
result from the transition.

[0032] In accordance with an aspect of an exemplary embodiment, the first mode of
operation may represent a current mode of operation and the second mode of operation may
represent a future mode. For example, a cargo-neutral test opportunity may occur between
one of a start-up mode, a deforest mode, an operating mode, and the like and another of a
defrost mode, an operating mode, and the like. For example, a cargo-neutral test opportunity
may exist when climate control system 24 transitions from a defrost mode to an operating
mode, from a start-up mode to an operating mode, from a first fan speed mode to a second
fan speed mode, and the like. It should be understood that the operating mode may include
either a refrigeration mode or a heating mode.

[0033] In block 84, a cargo-neutral diagnostic test is selected. The cargo-neutral test

may be associated with the cargo-neutral opportunity, and a desired sequence of the test is
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selected in block 86. The test sequence is established so as to have a neutral, or substantially
neutral, effect on cargo in interior storage compartment 18. For example, an opportunity to
test one of fans 38 may present itself at a transition from fan off, or fan operating, and a
future high speed operation. A diagnostic test may be run as indicated in block 88. During
such an opportunity, fan 38 may be staged from off to low speed, from low speed to off, and
from off to high speed. Sensors 36 may detect various parameters, such a voltage drops,
current draw, and the like at each stage to determine fan 38 health and a test result may be
output in block 90.

[0034] At this point, it should be understood that the number of opportunities and
tests during each opportunity may vary. It should also be understood that the impact of each
of the plurality of climate control components on the selected environmental condition when
transitioning from one mode to another mode is calculable. An opportunity will be deemed a
cargo-neutral test opportunity when a predicted test impact is sufficiently less than, or
sufficiently near to, an overall impact on the selected environmental conditions resulting from
a transition due to standard system control. That is, once a cargo-neutral test opportunity has
been determined, a testing sequence is formulated such that components change state no more
than, or at best minimally more than, that which would occur during a standard mode
transition.

[0035] Further, it should be understood that the types of tests which may take place
during a cargo-neutral test opportunity may vary and could include electrical characteristic
tests, sensor response tests, multiple sensor correlation tests, system vs. environment
correlation tests, refrigerant flow tests, and the like. Electrical characteristic tests may
include current utilization, time domain response of current utilization, change of current
utilization over time, and the like. Sensor response tests may include end limits tests, time
domain response of sensors, and changes in response characteristics over time. Multiple
sensor correlation tests may include comparing sensors for mutual tractability and
consistency. System vs. environment correlations may include comparing system responses
to modeled responses. Refrigerant flow tests may include checking for flow discrepancies at
various portions of climate control system 24.

[0036] The above are just a few examples of the types of tests and opportunities that
may be employed by diagnostic test module 54. Further, it should be understood that
diagnostic test module 54 autonomously or passively performs each test. That is, without
human intervention, diagnostic test module 54 identifies a test opportunity, selects an

appropriate cargo-neutral test, develops a cargo-neutral test sequence, and conducts a



WO 2016/196457 PCT/US2016/035002
7

diagnostic test of one or more of climate control components 30 without any appreciable
effect on cargo stored in interior storage compartment 18. In this manner, the exemplary
embodiments enhance diagnostic testing of climate control components associated with a
mobile cargo container. That is, the exemplary embodiments improve testing methodologies
in a manner which achieves diagnostic goals that enhance system reliability and component
life while, at the same time, ensuring a neutral or minimal impact on the selected
environmental conditions within the mobile cargo container.

[0037] 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
“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.

[0038] 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 cargo-neutral climate control diagnostic system for a climate controlled
mobile cargo container comprising:

a controller configured and disposed to be connected to one or more climate control
components, the controller being configured and disposed to identify a cargo-neutral test
opportunity and conduct a test to determine an operational state of the one or more climate
control components of the climate controlled mobile cargo container while maintaining
selected environmental conditions,

wherein the cargo-neutral test opportunity includes a transition from a first operating
mode to a second operating mode.

2. The cargo-neutral climate control diagnostic system according to claim 1,
wherein the first operating mode includes one of a system start-up mode, a cooling mode, a
fan speed mode, and a defrost mode.

3. The cargo-neutral climate control diagnostic system according to claim 2,
wherein the second operating mode includes another of the cooling mode, the fan speed
mode, and the defrost mode.

4. The cargo-neutral climate control diagnostic system according to claim 1,
wherein the test includes at least one of an electrical response test, a sensor response test, a
multiple sensor correlation test, a system/environment correlation test, and a refrigerant flow
test.

5. A climate controlled mobile cargo container comprising:

a container body including an outer surface and an interior storage compartment;

a climate control system operatively connected to condition the interior storage
compartment, the climate control system including a plurality of climate control components;
and

a cargo-neutral climate control diagnostic system comprising:

a controller connected to one or more of the climate control components, the
controller being configured and disposed to identify a cargo-neutral test opportunity and
conduct a test to determine an operational state of the one or more climate control
components of the climate controlled mobile cargo container while maintaining selected
environmental conditions,

wherein the cargo-neutral test opportunity includes a transition from a first operating
mode to a second operating mode.

6. The climate controlled mobile cargo container according to claim 5, wherein



the first operating mode includes one of a system start-up mode, a cooling mode, a fan speed
mode, and a defrost mode.

7. The climate controlled mobile cargo container according to claim 6, wherein
the second operating mode includes another of the cooling mode, the fan speed mode, and the
defrost mode.

8. The climate controlled mobile cargo container according to claim 5, wherein
the test includes at least one of an electrical response test, a sensor response test, a multiple
sensor correlation test, a system/environment correlation test, and a refrigerant flow test.

9. A method of conducting a cargo-neutral diagnostic test of a climate controlled
mobile cargo container, the method comprising:

detecting a cargo-neutral testing opportunity having a cargo-neutral test period, by
inter alia determining a first operating mode, a second operating mode and a transition from
the first operating mode to the second operating mode; and

running a diagnostic test of one or more climate control components of the climate
controlled mobile cargo container during the cargo neutral test period.

10. The method of claim 9, wherein determining the first operating mode includes
sensing a current operating mode and determining the second operating mode includes
predicting a future operating mode.

11. The method of claim 9, wherein determining the first operating mode includes
sensing one of a system start-up mode, a cooling mode, a fan speed mode, and a defrost
mode.

12. The method of claim 11, wherein determining the second operating mode
includes predicting another of the cooling mode, the fan speed mode, and the defrost mode.

13. The method of claim 9, wherein running the diagnostic test includes running at
least one of an electrical response test, a sensor response test, a multiple sensor correlation
test, a system/environment correlation test, and a refrigerant flow test.

14. The method of claim 9, wherein running the diagnostic test includes running a
diagnostic of one or more active climate control components.

15. The method of claim 14, wherein running the diagnostic test includes selecting
a cargo-neutral diagnostic test of at least one of the one or more climate control components.

16. The method of claim 9, wherein selecting the cargo-neutral diagnostic test
includes selecting a cargo-neutral diagnostic test sequence of the cargo-neutral diagnostic
test.

17. The method of claim 9, wherein running the diagnostic test of one or more
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climate control components includes implementing a passive diagnostic test of the one or

more climate control components.



