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DESCRIPTION

Title of Invention

FAILURE DIAGNOSIS SYSTEM
Technical Field

[0001]

The present invention relates to failure diagnosis systems that diagnose
failures and signs of failures of air-conditioning apparatuses.
Background Art
[0002]

Air-conditioning apparatuses that control the air environment of spaces, such
as rooms, are widely used, and are essential for maintaining comfort in spaces.
Thus, a failure of an air-conditioning apparatus directly leads to discomfort for a user
or users. Moreover, a failure of an air-conditioning apparatus disposed in, for
example, a server room or a refrigerated storeroom may possibly lead to critical
business loss. Therefore, in addition to periodical maintenance of air-conditioning
apparatuses, failure diagnosis for diagnosing failures and signs of failures of air-
conditioning apparatuses is considered to be of great importance in recent years.
[0003]

Methods used in the related art for diagnosing a failure of an air-conditioning
apparatus include a method involving measuring the state of the refrigeration cycle
during normal operation and a method involving measuring the state of the
refrigeration cycle during failure diagnosis operation in which the control of actuators
is fixed.

[0004]

However, during normal operation, the control of the outside air temperature,
the control of the indoor load, and the control of the actuators vary. Thus, in the
method in the related art performed during normal operation, it is difficult to diagnose
a failure with high accuracy. In contrast, the accuracy of failure diagnosis in the
method performed during failure diagnosis operation is normally higher than that in

the method performed during normal operation. However, in the method performed
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during failure diagnosis operation, the control of the actuators has to be fixed even
when there is no abnormality in the air-conditioning apparatus. This may possibly
lead to increased power consumption and reduced comfort in the space.

[0005]

A known failure diagnosis system in the related art executes preliminary
diagnosis for determining a possibility of a failure during normal operation and
executes failure diagnosis by performing failure diagnosis operation if it is determined
that there is a possibility of a failure in the preliminary diagnosis (for example, see
Patent Literature 1).

Citation List
Patent Literature
[0006]

Patent Literature 1: Japanese Unexamined Patent Application Publication No.
2012-127625
Summary of Invention
Technical Problem
[0007]

However, the preliminary diagnosis in the failure diagnosis system according to
Patent Literature 1 is performed based on a small amount of data and is adjusted
such that it is easily determined that there is a possibility of a failure. Specifically,
because the accuracy of the preliminary diagnosis is low in the failure diagnosis
system according to Patent Literature 1, the failure diagnosis operation is frequently
performed, thus making it difficult to reduce the power consumption and to enhance
the comfort in the space. In addition, since the data obtained in the preliminary
diagnosis is not used in the failure diagnosis in the failure diagnosis system according
to Patent Literature 1, the efficiency and the accuracy of the failure diagnosis cannot
be increased.

[0008]



Embodiments of the present invention seek to provide a failure diagnosis system
that can perform failure diagnosis with high accuracy and high efficiency without impairing
comfort.

Solution to Problem
[0009]

A failure diagnosis system according to an embodiment of the present invention is
configured to diagnose a state of an air-conditioning apparatus having a refrigerant circuit
in which a refrigerant circulates. The failure diagnosis system includes a state detection
unit configured to detect a state of the refrigerant in the refrigerant circuit as state data, a
controller configured to control an actuator of the air-conditioning apparatus, and an
abnormality diagnosis unit configured to perform normal-operation abnormality diagnosis
determining presence or absence of abnormality of the air-conditioning apparatus by using
the state data and control data indicating a content of control by the controller during a
normal operation of the air-conditioning apparatus. When determining that abnormality is
present in the air-conditioning apparatus, the abnormality diagnosis unit is configured to
change a control value of the actuator of the air-conditioning apparatus, acquire the state
data and the control data, and perform abnormality-cause identification diagnosis
identifying a cause of an abnormality of the air-conditioning apparatus by using the state
data and the control data that are acquired before the change of the control value, and the
state data and the control data that are acquired after the change of the control value.
Advantageous Effects of Invention
[0010]

According to the embodiment of the present invention, if it is determined that there
is an abnormality in the air-conditioning apparatus during normal operation based on the
state data and the control data, the control value of the actuator is changed. Then, the
cause of the abnormality in the air-conditioning apparatus is identified by using the data
acquired before the change of the control value and the data acquired after the change of
the control value. Thus, the accuracy for determining whether or not there is an

abnormality can be enhanced, and the cause
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of the abnormality can be identified quickly and accurately, whereby the failure
diagnosis can be performed with high accuracy and high efficiency without the
comfort being impaired.

Brief Description of Drawings

[0011]

[Fig. 1] Fig. 1 illustrates the configuration of a failure diagnosis system
according to Embodiment 1 of the present invention.

[Fig. 2] Fig. 2 is a block diagram illustrating a functional configuration of the
failure diagnosis system in Fig. 1.

[Fig. 3] Fig. 3 is a graph for explaining an example of a determination process
performed by a stable-operation determining unit in Fig. 2.

[Fig. 4] Fig. 4 is a graph for explaining another example of the determination
process performed by the stable-operation determining unit in Fig. 2.

[Fig. 5] Fig. 5 illustrates a case where an air-conditioning apparatus is in a
normal state in a display example of refrigerant state information and normal regions
in Embodiment 1 of the present invention.

[Fig. 6] Fig. 6 is a flowchart illustrating the operation performed by the failure
diagnosis system in Figs. 1 and 2.

[Fig. 7] Fig. 7 is a flowchart illustrating an operation-data storing process
included in the operation of a failure diagnosis system according to Embodiment 2 of
the present invention.

[Fig. 8] Fig. 8 is a flowchart illustrating the flow of failure diagnosis included in
the operation of the failure diagnosis system according to Embodiment 2 of the
present invention.

[Fig. 9] Fig. 9 is a block diagram illustrating a functional configuration of a
failure diagnosis system according to Embodiment 3 of the present invention.
Description of Embodiments
[0012]

Embodiment 1
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Fig. 1 illustrates the configuration of a failure diagnosis system according to
Embodiment 1 of the present invention. As illustrated in Fig. 1, a failure diagnosis
system 800 includes an air-conditioning system 600 and a server apparatus 700.
The air-conditioning system 600 has an air-conditioning apparatus 100, a
management apparatus 400, and an information terminal 500. The failure diagnosis
system 800 diagnoses the state of the air-conditioning apparatus 100.

[0013]

The air-conditioning apparatus 100 adjusts the air environment, including the
temperature, humidity, and cleanliness of air in an air-conditioned space, such as a
room. The air-conditioning apparatus 100 includes an outdoor unit 110 and an
indoor unit 111.  The outdoor unit 110 has a compressor 101, an outdoor heat
exchanger 102, a first expansion valve 106a, a second expansion valve 106b, a four-
way valve 108, and a receiver 109. The indoor unit 111 has an indoor heat
exchanger 103. Specifically, the air-conditioning apparatus 100 includes a
refrigerant circuit 200 in which the compressor 101, the outdoor heat exchanger 102,
the first expansion valve 106a, the receiver 109, the second expansion valve 106D,
and the indoor heat exchanger 103 are connected by a refrigerant pipe R and through
which refrigerant circulates.

[0014]

The outdoor unit 110 has an outdoor fan 104 that is attached to the outdoor
heat exchanger 102 and that facilitates heat transfer of the outdoor heat exchanger
102. In Embodiment 1, the outdoor unit 110 has a controller 140, a communication
device 150, and a failure diagnosis device 300. The indoor unit 111 has an indoor
fan 105 that is attached to the indoor heat exchanger 103 and that facilitates heat
transfer of the indoor heat exchanger 103.

[0015]

Furthermore, the air-conditioning apparatus 100 has refrigerant temperature

sensors 121 to 125 and air temperature sensors 131 and 132. The refrigerant

temperature sensors 121 to 123 and the air temperature sensor 131 are provided in
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the outdoor unit 110, whereas the refrigerant temperature sensors 124 and 125 and
the air temperature sensor 132 are provided in the indoor unit 111.
[0016]

The compressor 101 is driven by, for example, an inverter, and compresses
and discharges suctioned refrigerant. The outdoor heat exchanger 102 comprises,
for example, a fin-and-tube heat exchanger and causes the air and the refrigerant to
exchange heat with each other.

[0017]

The four-way valve 108 is connected to the discharge side of the compressor
101, that is, the outlet of the compressor 101, via the refrigerant pipe R. The four-
way valve 108 switches the flow path of the refrigerant in the refrigerant circuit 200.
The connection direction of the four-way valve 108 is switched by the controller 140,
so that the direction in which the refrigerant flows through the refrigerant circuit 200 is
reversed.

[0018]

During cooling operation in which cooling energy is supplied to the indoor unit
111, the connection direction of the four-way valve 108 is set as indicated by a solid
line in Fig. 1. Therefore, the refrigerant during cooling operation circulates through
the refrigerant circuit 200 in the following order: the compressor 101, the outdoor heat
exchanger 102, the first expansion valve 106a, the receiver 109, the second
expansion valve 106b, the indoor heat exchanger 103, and the compressor 101. In
this case, the outdoor heat exchanger 102 functions as a condenser, whereas the
indoor heat exchanger 103 functions as an evaporator.

[0019]

During heating operation in which heating energy is supplied to the indoor unit
111, the connection direction of the four-way valve 108 is set as indicated by a
dashed line in Fig. 1. Therefore, the refrigerant during heating operation circulates
through the refrigerant circuit 200 in the following order: the compressor 101, the
indoor heat exchanger 103, the second expansion valve 106b, the receiver 109, the

first expansion valve 106a, the outdoor heat exchanger 102, and the compressor 101.
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In this case, the indoor heat exchanger 103 functions as a condenser, whereas the
outdoor heat exchanger 102 functions as an evaporator.
[0020]

The first expansion valve 106a and the second expansion valve 106b are, for
example, electronic expansion valves and expand the refrigerant by reducing the
pressure thereof. The first expansion valve 106a has one end connected to the
outdoor heat exchanger 102 and the other end connected to the receiver 109. The
second expansion valve 106b has one end connected to the receiver 109 and the
other end connected to the indoor heat exchanger 103.

[0021]

The receiver 109 temporarily retains liquid refrigerant. The receiver 109 is
connected to the first expansion valve 106a and the second expansion valve 106b via
the refrigerant pipe R. A part of the refrigerant pipe R that connects the inlet of the
compressor 101 and the four-way valve 108 extends through the receiver 109.
Therefore, the refrigerant flowing through the refrigerant pipe R in the receiver 109
exchanges heat with refrigerant surrounding the refrigerant pipe R in the receiver 109.
The indoor heat exchanger 103 comprises, for example, a fin-and-tube heat
exchanger and causes the air and the refrigerant to exchange heat with each other.
[0022]

The refrigerant temperature sensor 121 is provided at the discharge side of the
compressor 101 and measures the temperature of the refrigerant discharged from the
compressor 101. The refrigerant temperature sensor 122 is provided in the outdoor
heat exchanger 102 and measures the temperature of the refrigerant flowing through
the outdoor heat exchanger 102 as an outdoor refrigerant temperature. The
refrigerant temperature sensor 123 is provided at the refrigerant pipe R between the
outdoor heat exchanger 102 and the first expansion valve 106a and measures the
temperature of the refrigerant flowing between the outdoor heat exchanger 102 and
the first expansion valve 106a. The refrigerant temperature sensor 124 is provided
in the indoor heat exchanger 103 and measures the temperature of the refrigerant

flowing through the indoor heat exchanger 103 as an indoor refrigerant temperature.
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The refrigerant temperature sensor 125 is provided at the refrigerant pipe R between
the indoor heat exchanger 103 and the second expansion valve 106b and measures
the temperature of the refrigerant flowing between the indoor heat exchanger 103 and
the second expansion valve 106b. The air temperature sensor 131 measures the
outside air temperature as the temperature of air that is to exchange heat with the
refrigerant flowing through the outdoor heat exchanger 102. The air temperature
sensor 132 measures the indoor temperature as the temperature of air that is to
exchange heat with the refrigerant flowing through the indoor heat exchanger 1083.
[0023]

The controller 140 controls actuators, such as the compressor 101, the outdoor
fan 104, the indoor fan 105, the first expansion valve 106a, and the second expansion
valve 106b, based on outputs from the refrigerant temperature sensors 121 to 125
and the air temperature sensors 131 and 132. Specifically, in Fig. 1, the compressor
101, the outdoor fan 104, the indoor fan 105, the first expansion valve 106a, and the
second expansion valve 106b are illustrated as the actuators of the air-conditioning
apparatus 100.

[0024]

The controller 140 obtains control values for the actuators of the air-
conditioning apparatus 100 based on target temperature and humidity values for the
air-conditioned space and measurement data obtained by the sensors, and controls
the operation of the actuators so that the obtained control values are reached.
Examples of the control values for the actuators of the air-conditioning apparatus 100
include the operating frequency of the compressor 101, the rotation speeds of the
outdoor fan 104 and the indoor fan 105, and the opening degrees of the first
expansion valve 106a and the second expansion valve 106b. Furthermore, the
controller 140 outputs control data indicating the control contents for the actuators to
a stable-operation determining unit 310 and the failure diagnosis device 300.

[0025]
The communication device 150 serves as an interface when the controller 140

and the failure diagnosis device 300 communicate with an external device. When
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communicating with the server apparatus 700, the communication device 150 may be
capable of communicating therewith via the information terminal 500. In this case,
the communication device 150 communicates with the information terminal 500 in
accordance with a near-field wireless communication method, such as WiFi
(registered trademark, the same applies hereinafter) or Bluetooth (registered
trademark, the same applies hereinafter). The information terminal 500 serves as a
relay device that transmits and receives signals incoming to and outgoing from an
electric communication line 900 serving as a network, such as the Internet, and
communicates with the server apparatus 700 connected to the electric
communication line 900.

[0026]

The management apparatus 400 is connected to the controller 140 and the
communication device 150 of the air-conditioning apparatus 100 in a wired or wireless
manner, and manages the air-conditioning apparatus 100. The management of the
air-conditioning apparatus 100 includes a process of receiving an operation
performed on the air-conditioning apparatus 100 and transmitting the content of the
received operation to the controller 140. Specifically, the management apparatus
400 is connected to the controller 140 in a communicable manner. The
management apparatus 400 is also connected to the failure diagnosis device 300 and
the information terminal 500 in a communicable manner via the communication
device 150. In addition to a remote controller for operating the air-conditioning
apparatus 100, an assumed example of the management apparatus 400 is a central
management apparatus for managing one or more air-conditioning apparatuses 100.
Specifically, the management apparatus 400 is used when a user operates the air-
conditioning apparatus 100 or when a user ascertains the operating state of the air-
conditioning apparatus 100.

[0027]

The information terminal 500 is a communication terminal, such as a portable

telephone, a smartphone, a tablet PC (personal computer), a notebook PC, or a

desktop PC. The information terminal 500 is connected to the controller 140 and the
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failure diagnosis device 300 in a communicable manner via the communication
device 150.
[0028]

The server apparatus 700 comprises, for example, a storage processing
apparatus provided outside the air-conditioning apparatus 100 and provided by a
cloud service. Specifically, the server apparatus 700 is a cloud server based on
cloud computing. The server apparatus 700 is connected to the information terminal
500 in a communicable manner via the electric communication line 900. Moreover,
the server apparatus 700 is connected to the controller 140, the failure diagnosis
device 300, and the management apparatus 400 in a communicable manner via the
electric communication line 900 and the communication device 150. Alternatively,
the server apparatus 700 may be a physical server, such as a web server.

[0029]

Fig. 2 is a block diagram illustrating a functional configuration of the failure
diagnosis system in Fig. 1. Fig. 3 is a graph for explaining an example of a
determination process performed by the stable-operation determining unit in Fig. 2.
Fig. 4 is a graph for explaining another example of the determination process
performed by the stable-operation determining unit in Fig. 2. The functional
configuration of the failure diagnosis system 800 will be described with reference to
Figs. 2 to 4.

[0030]

A state detection unit 120 detects the state of the refrigerant in the refrigerant
circuit 200 as state data. In Embodiment 1, the state detection unit 120 includes the
refrigerant temperature sensors 121 to 125 and the air temperature sensors 131 and
132, as illustrated in Fig. 2.  An expansion unit 106 includes the first expansion valve
106a and the second expansion valve 106b.

[0031]

The failure diagnosis device 300 diagnoses the state of the air-conditioning

apparatus 100 by using the state data and the control data. The failure diagnosis

device 300 has the stable-operation determining unit 310, a storage unit 320, and an
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abnormality diagnosis unit 330. Specifically, in Embodiment 1, the stable-operation
determining unit 310, the storage unit 320, and the abnormality diagnosis unit 330 are
disposed inside the air-conditioning apparatus 100.

[0032]

The stable-operation determining unit 310 acquires various types of data
included in signals sent from the controller 140, the refrigerant temperature sensors
121 to 125, and the air temperature sensors 131 and 132. Specifically, the stable-
operation determining unit 310 acquires the control data from the controller 140.
Moreover, the stable-operation determining unit 310 acquires the state data detected
by the state detection unit 120. The stable-operation determining unit 310 may
acquire the state data via the controller 140, or may acquire the state data directly
from the state detection unit 120. Based on the control data and the state data, the
stable-operation determining unit 310 determines whether or not the operating state
during normal operation of the air-conditioning apparatus 100 to be diagnosed is
stable. The process for determining whether or not the operating state during
normal operation of the air-conditioning apparatus 100 is stable will be referred to as
"stable-operation determination process" hereinafter.

[0033]

The term "normal operation" refers to cooling operation or heating operation
intended for air-conditioning the air-conditioned space. Specifically, the term "during
normal operation" refers to a state where cooling operation or heating operation is
being performed for the purpose of air-conditioning the air-conditioned space. In the
case of normal operation, the controller 140 controls, for example, the operating
frequency of the compressor 101 so that the temperature and the humidity of the air-
conditioned space are brought closer to the target values. For example, defrosting
operation performed for removing frost from the outdoor heat exchanger 102 and
operation performed under failure-cause identification control for identifying the cause
of a failure of the air-conditioning apparatus 100 are not included in normal operation.

[0034]

11
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In detail, for example, during cooling operation, the stable-operation
determining unit 310 acquires the outdoor refrigerant temperature measured by the
refrigerant temperature sensor 122 and the outside air temperature measured by the
air temperature sensor 131. Then, the stable-operation determining unit 310
subtracts the outside air temperature from the outdoor refrigerant temperature to
obtain a first temperature difference ATc. In other words, the first temperature
difference ATc is a temperature difference between the temperature of the refrigerant
in the outdoor heat exchanger 102 and the temperature of the air. Furthermore, the
stable-operation determining unit 310 acquires the indoor temperature measured by
the air temperature sensor 132 and the indoor refrigerant temperature measured by
the refrigerant temperature sensor 124. Then, the stable-operation determining unit
310 subtracts the indoor refrigerant temperature from the indoor temperature to
obtain a second temperature difference ATe. Specifically, the second temperature
difference ATe is a temperature difference between the temperature of the refrigerant
in the indoor heat exchanger 103 and the temperature of the air.

[0035]

A first determination range Rc to be compared with the first temperature
difference ATc and a second determination range Re to be compared with the second
temperature difference ATe in the stable-operation determination process are stored
in the storage unit 320. Moreover, a stability determination period At set in
accordance with, for example, the specifications and the installation environment of
the air-conditioning apparatus 100 is stored in the storage unit 320.

[0036]

As illustrated in Fig. 3, the stable-operation determining unit 310 temporally
analyzes variations in the first temperature difference ATc and the second
temperature difference ATe in the stable determination period At. That is, the stable-
operation determining unit 310 analyzes variations in the first temperature difference
ATc and the second temperature difference ATe for every determination cycle set in

accordance with, for example, a clock of a microcomputer. The determination cycle
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is set to be shorter than the stability determination period At, or may alternatively be
set to be longer than the stability determination period At.
[0037]

The stable-operation determining unit 310 determines whether or not a
variation width Tcw of the first temperature difference ATc in the stability determination
period At from the time point at which the analysis is started is within the first
determination range Rc. Moreover, the stable-operation determining unit 310
determines whether or not a variation width Tew of the second temperature difference
ATe in the stability determination period At from the time point at which the analysis is
started is within the second determination range Re. Then, when a state where the
first temperature difference ATc is within the first determination range Rc and the
second temperature difference ATe is within the second determination range Re
continues for the stability determination period At, the stable-operation determining
unit 310 determines that the operating state of the air-conditioning apparatus 100 is
stable.

[0038]

In the example in Fig. 3, in the stability determination period At from a time
point to1 to a time point toz, the variation width Tcw of the first temperature difference
ATc is not within the first determination range Rc, and the variation width Tew of the
second temperature difference ATe is not within the second determination range Re.
Therefore, the stable-operation determining unit 310 determines that the operating
state of the air-conditioning apparatus 100 is not stable at the time point toz.

[0039]

On the other hand, in the stability determination period At from a time point t1 to
a time point tz, the variation width Tcw of the first temperature difference ATc is within
the first determination range Rc, and the variation width Tew of the second
temperature difference ATe is within the second determination range Re. Therefore,
the stable-operation determining unit 310 determines that the operating state of the
air-conditioning apparatus 100 is stable at the time point t2.

[0040]
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Furthermore, as illustrated in Fig. 4, the first determination range Rc and the
second determination range Re may individually be fixed regions set in accordance
with, for example, the specifications and the installation environment of the air-
conditioning apparatus 100. Specifically, an outdoor lower-limit threshold value Lc
as a lower-limit temperature for the first determination range Rc and an outdoor
upper-limit threshold value Hc as an upper-limit temperature for the first determination
range Rc may be stored in the storage unit 320. Moreover, an indoor lower-limit
threshold value Le as a lower-limit temperature for the second determination range
Re and an indoor upper-limit threshold value He as an upper-limit temperature for the
second determination range Re may be stored in the storage unit 320.

[0041]

In the example in Fig. 4, during the stability determination period At from the
time point t1, the first temperature difference ATc is within the first determination range
Rc, and the second temperature difference ATe is within the second determination
range Re. Thus, the stable-operation determining unit 310 determines that the
operating state of the air-conditioning apparatus 100 is stable at the time point t2.
[0042]

Alternatively, the stable-operation determining unit 310 may determine that the
operating state of the air-conditioning apparatus 100 is stable when a state where the
first temperature difference ATc is within the first determination range Rc continues for
the stability determination period At, regardless of a change in the second
temperature difference ATe. As another alternative, the stable-operation determining
unit 310 may determine that the operating state of the air-conditioning apparatus 100
is stable when a state where the second temperature difference ATe is within the
second determination range Re continues for the stability determination period At,
regardless of the first temperature difference ATc. During heating operation, the
stable-operation determining unit 310 determines whether or not the operating state
of the air-conditioning apparatus 100 is stable in a manner similar to the above by
using measurement data obtained by the sensors.

[0043]
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In addition, if the stable-operation determining unit 310 determines that the
operating state of the air-conditioning apparatus 100 is stable in the stable-operation
determination process during normal operation, the stable-operation determining unit
310 causes the storage unit 320 to store the control data and the state data at that
time as operation data. The operating state of the air-conditioning apparatus 100 is
indicated in the operation data. The stable-operation determining unit 310 may
cause a storage unit 701 of the server apparatus 700 to store the operation data.
[0044]

Based on the various types of data included in the signals sent from the
controller 140, the refrigerant temperature sensors 121 to 125, and the air
temperature sensors 131 and 132, the abnormality diagnosis unit 330 performs failure
diagnosis of the air-conditioning apparatus 100 to be diagnosed. Specifically, during
normal operation of the air-conditioning apparatus 100, the abnormality diagnosis unit
330 performs normal-operation abnormality diagnosis for determining whether or not
there is an abnormality in the air-conditioning apparatus 100 based on the state data
and the control data. Moreover, if the abnormality diagnosis unit 330 determines that
there is an abnormality in the air-conditioning apparatus 100, the abnormality
diagnosis unit 330 changes the control values for the actuators of the air-conditioning
apparatus 100 and acquires state data and control data. Then, the abnormality
diagnosis unit 330 performs abnormality-cause identification diagnosis for identifying
the cause of the abnormality in the air-conditioning apparatus 100 by using the
acquired state data and the acquired control data as well as the state data and the
control data acquired before the change of the control values.

[0045]

The abnormality diagnosis unit 330 performs the normal-operation abnormality
diagnosis and the abnormality-cause identification diagnosis in a state space set in
accordance with the refrigerant pressure and enthalpy. In Embodiment 1, the state
space corresponds to a p-h diagram set in a coordinate plane having the refrigerant
pressure and enthalpy as axes.

[0046]
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The abnormality diagnosis unit 330 determines whether or not there is an
abnormality in the air-conditioning apparatus 100 by using the state data and the
control data acquired when the operating state is determined as being stable by the
stable-operation determining unit 310. The abnormality diagnosis unit 330 in
Embodiment 1 acquires the state data and the control data acquired when the stable-
operation determining unit 310 determines that the operating state of the air-
conditioning apparatus 100 is stable. Then, the abnormality diagnosis unit 330 uses
the acquired state data and the acquired control data to determine whether or not
there is an abnormality in the air-conditioning apparatus 100.

[0047]

In the normal-operation abnormality diagnosis, the abnormality diagnosis unit
330 uses the state data and the control data to obtain state space data indicating the
state of the air-conditioning apparatus 100 in a state space. Moreover, in the
abnormality-cause identification diagnosis, the abnormality diagnosis unit 330 uses
the state data and the control data acquired after the change of the control values to
obtain state space data. Then, the abnormality diagnosis unit 330 compares the
state space data acquired after the change of the control values with the state space
data obtained in the normal-operation abnormality diagnosis to identify the cause of
the abnormality in the air-conditioning apparatus 100.

[0048]

State space data contains refrigerant state information x and a normal region
X. The refrigerant state information x is information indicating the state of the
refrigerant at a specific location of the refrigerant circuit 200. The normal region X is
information about a region where the refrigerant state information x exists during
normal operation of the air-conditioning apparatus 100. Specifically, the normal
region X is information about a region within a state space in which the refrigerant
state information x exists when there is no abnormality in the air-conditioning
apparatus 100, that is, when there is no abnormality in the actuators and the sensors.

[0049]
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In Embodiment 1, the abnormality diagnosis unit 330 compares the refrigerant
state information x acquired after the change of the control values with the refrigerant
state information x obtained in the normal-operation abnormality diagnosis to identify
the cause of the abnormality in the air-conditioning apparatus 100. Examples of the
cause of the abnormality in the air-conditioning apparatus 100 include an abnormal
refrigerant amount, heat exchange deterioration, filter clogging, a compressor
abnormality, a liquid-back phenomenon (abnormal compression of liquid refrigerant),
overcurrent, pipe clogging, a locked LEV (locked expansion valve), and a locked fan.
[0050]

An abnormal refrigerant amount refers to an insufficient or excessive amount of
refrigerant in the refrigerant circuit 200. Heat exchange deterioration refers to an
abnormality, such as deterioration, occurring in at least one of the outdoor heat
exchanger 102 and the indoor heat exchanger 103. Filter clogging refers to a state
where a filter provided at, for example, an air inlet of the air-conditioning apparatus
100 is clogged. A compressor abnormality refers to a state where an abnormality
has occurred in the compressor 101. A liquid-back phenomenon refers to a state
where liquid refrigerant is returning to the compressor 101. Overcurrent refers to
excessive electric current flowing to the actuators of the air-conditioning apparatus
100. Pipe clogging refers to a state where the refrigerant pipe R is clogged such that
the flow of the refrigerant is hindered. A locked LEV refers to a state where an
abnormality has occurred in at least one of the first expansion valve 106a and the
second expansion valve 106b. A locked fan refers to a state where an abnormality
has occurred in at least one of the outdoor fan 104 and the indoor fan 105.

[0051]

More specifically, the abnormality diagnosis unit 330 has a cycle state
arithmetic unit 331, a normal-region arithmetic unit 332, a diagnosis processing unit
333, and an output processing unit 334. The cycle state arithmetic unit 331 obtains
the refrigerant state information x by using the operation data acquired from the state

detection unit 120 and the controller 140, or by using the operation data stored in the
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storage unit 320. The refrigerant state information x is provided in accordance with
the refrigerant pressure and enthalpy.
[0052]

The normal-region arithmetic unit 332 obtains the normal region X by using the
operation data acquired from the state detection unit 120 and the controller 140, or by
using the operation data stored in the storage unit 320 or the storage unit 701. In
the abnormality-cause identification diagnosis, the normal-region arithmetic unit 332
obtains the normal region X by using the state data and the control data acquired
after the change of the control values. If a plurality of pieces of refrigerant state
information x are to be obtained by the cycle state arithmetic unit 331, the normal-
region arithmetic unit 332 obtains normal regions X individually corresponding to the
plurality of pieces of refrigerant state information x.

[0053]

The normal-region arithmetic unit 332 may obtain the normal region X by
further using information about the design specifications of the air-conditioning
apparatus 100. Accordingly, a more appropriate normal region X can be obtained,
and the accuracy of information to be displayed on a display unit can be enhanced,
thereby enhancing the accuracy of diagnosis by the user.

[0054]

The diagnosis processing unit 333 determines whether or not the refrigerant
state information x obtained by the cycle state arithmetic unit 331 in the normal-
operation abnormality diagnosis is included in the normal region X obtained by the
normal-region arithmetic unit 332. In Embodiment 1, the determination of whether or
not the refrigerant state information x is included in the normal region X corresponds
to determination of whether or not an abnormality has occurred in the air-conditioning
apparatus 100.

[0055]

In the abnormality-cause identification diagnosis, the diagnosis processing unit

333 compares the state space data obtained in the normal-operation abnormality

diagnosis with the state space data acquired after the change of the control values to
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identify the cause of the abnormality in the air-conditioning apparatus 100. In
Embodiment 1, the diagnosis processing unit 333 compares the refrigerant state
information x obtained by the cycle state arithmetic unit 331 after the change of the

control values with the refrigerant state information x obtained by the cycle state

arithmetic unit 331 in the normal-operation abnormality diagnosis to identify the cause

of the abnormality in the air-conditioning apparatus 100.
[0056]

The output processing unit 334 causes the abnormality-cause identification
result to be output to at least one of the management apparatus 400 and the
information terminal 500. The output processing unit 334 transmits cause
identification information indicating the abnormality-cause identification result to at
least one of the management apparatus 400 and the information terminal 500.
[0057]

Furthermore, the output processing unit 334 causes at least one of the
management apparatus 400 and the information terminal 500 to display the
refrigerant state information x obtained by the cycle state arithmetic unit 331 in the
normal-operation abnormality diagnosis and the refrigerant state information x
acquired after the change of the control values. Specifically, the output processing
unit 334 generates display data for displaying the refrigerant state information x
acquired before and after the change of the control values on the p-h diagram.
Then, the output processing unit 334 transmits the generated display data to at least
one of the management apparatus 400 and the information terminal 500 via the
communication device 150.

[0058]

The output processing unit 334 may cause at least one of the management
apparatus 400 and the information terminal 500 to display the state space data
acquired before the change of the control values and the state space data acquired
after the change of the control values. In this case, the output processing unit 334

generates display data for displaying the refrigerant state information x and the
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normal region X acquired before and after the change of the control values on the p-h
diagram.
[0059]

In the storage unit 320, various types of data used for diagnosing the state of
the air-conditioning apparatus 100 are stored together with an operation program of
the failure diagnosis device 300. For example, information about one or more
calculation coefficients included in an arithmetic expression used by the normal-
region arithmetic unit 332 for calculating a normal region X is stored in the storage
unit 320. In the storage unit 320, information about a predetermined initial
calculation coefficient is stored at the time of, for example, product shipment.

[0060]

The server apparatus 700 includes the storage unit 701, a data processing unit
702, and a server communication unit 703. The various types of data included in the
signals sent from the controller 140, the refrigerant temperature sensors 121 to 125,
and the air temperature sensors 131 and 132, the state space data, and the diagnosis
result obtained by the abnormality diagnosis unit 330 for a past certain period are
stored in the storage unit 701. The certain period in which the server apparatus 700
accumulates data is changeable, where appropriate.

[0061]

As illustrated in Fig. 2, the management apparatus 400 has an input unit 410,
an output unit 420, and an output control unit 430. The output unit 420 includes a
display unit 421 and a notifying unit 422. The input unit 410 includes, for example,
operation buttons and receives an operation performed by the user. Furthermore,
the input unit 410 transmits an operation signal indicating the content of the operation
performed by the user to the controller 140 or the failure diagnosis device 300.

When the input unit 410 receives an operation for requesting the air-conditioning
apparatus 100 to execute state diagnosis, the input unit 410 transmits a diagnosis
request signal to the failure diagnosis device 300.

[0062]
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The display unit 421 comprises, for example, a liquid crystal display (LCD) and
has a function for displaying the refrigerant state information x and the normal region
X. The notifying unit 422 includes a loudspeaker and outputs a sound or speech.
The output control unit 430 causes the display unit 421 to display a diagnosis image
including the refrigerant state information x and the normal region X based on the
display data transmitted from the failure diagnosis device 300. In the management
apparatus 400, an image display program for displaying the diagnosis image based
on the display data is installed.

[0063]

When the display data is transmitted from the output processing unit 334, the
output control unit 430 causes the display unit 421 to display a diagnosis image
displaying the refrigerant state information x and the normal region X on the p-h
diagram or a diagnosis image displaying the refrigerant state information x on the p-h
diagram. Furthermore, when the cause identification information is transmitted from
the output processing unit 334, the output control unit 430 causes at least one of the
display unit 421 and the notifying unit 422 to output the abnormality-cause
identification result obtained by the diagnosis processing unit 333.

[0064]

The information terminal 500 has an input unit 510, an output unit 520, and an
output control unit 530. The output unit 520 includes a display unit 521 and a
notifying unit 522. The input unit 510 includes, for example, operation buttons and
receives an operation performed by the user. Furthermore, the input unit 510
transmits an operation signal indicating the content of the operation performed by the
user to the failure diagnosis device 300. When the input unit 510 receives an
operation for requesting the air-conditioning apparatus 100 to execute state
diagnosis, the input unit 510 transmits a diagnosis request signal to the failure
diagnosis device 300.

[0065]
The display unit 521 comprises, for example, a liquid crystal display and has a

function for displaying the refrigerant state information x and the normal region X.
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The notifying unit 522 includes a loudspeaker and outputs a sound or speech. The
output control unit 530 causes the display unit 521 to display a diagnosis image
including the refrigerant state information x and the normal region X based on the
display data transmitted from the failure diagnosis device 300. In the information
terminal 500, an image display program for displaying the diagnosis image based on
the display data is installed.

[0066]

When the display data is transmitted from the output processing unit 334, the
output control unit 530 causes the display unit 521 to display a diagnosis image
displaying the refrigerant state information x and the normal region X on the p-h
diagram or a diagnosis image displaying the refrigerant state information x on the p-h
diagram. Furthermore, when the cause identification information is transmitted from
the output processing unit 334, the output control unit 530 causes at least one of the
display unit 521 and the notifying unit 522 to output the abnormality-cause
identification result obtained by the diagnosis processing unit 333.

[0067]

The server apparatus 700 serves as a database that stores and accumulates
various types of data, such as data of a failure diagnosis result obtained from a
process performed by the abnormality diagnosis unit 330. Furthermore, the server
apparatus 700 has a function for performing various arithmetic processes based on
the stored data.

[0068]

The server apparatus 700 includes the storage unit 701, the data processing
unit 702, and a server communication unit 703. The server communication unit 703
serves as an interface when a device, such as the data processing unit 702, in the
server apparatus 700 is to communicate with an external device via the electric
communication line 900, and performs, for example, signal conversion. The storage
unit 701 stores therein, for example, state data, control data, and a diagnosis result

obtained by the abnormality diagnosis unit 330 as data. The data processing unit
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702 communicates with an external device via the server communication unit 703 and
causes the storage unit 701 to store data acquired from the external device.
[0069]

The data processing unit 702 may calculate a calculation coefficient used for
calculating a normal region X from the state data, the control data, and the data of the
diagnosis result from the failure diagnosis device 300, and may periodically update
the calculation coefficient. Specifically, the data processing unit 702 may periodically
calculate the calculation coefficient and transmit the calculated calculation coefficient
to the failure diagnosis device 300. Then, the failure diagnosis device 300 may
renew the calculation coefficient in the storage unit 320 to the calculation coefficient
transmitted from the data processing unit 702.

[0070]

Fig. 5 illustrates a case where the air-conditioning apparatus is in a normal
state in a display example of refrigerant state information and normal regions in
Embodiment 1 of the present invention. In Fig. 5, a diagnosis image displaying
refrigerant state information x and normal regions X on a p-h diagram is illustrated.

In Fig. 5, a saturation line S including a saturated liquid line and a saturated vapor
line, a refrigeration cycle pattern Cf, an isothermal line Tout corresponding to the
outdoor temperature, and an isothermal line Tin corresponding to the indoor
temperature are illustrated.

[0071]

In the example in Fig. 5, the cycle state arithmetic unit 331 calculates
refrigerant state information x for each of three specific locations in the refrigerant
circuit 200, and the normal-region arithmetic unit 332 calculates a normal region X
corresponding to each of the three pieces of refrigerant state information x. The
three pieces of refrigerant state information x are set in accordance with the state of
the refrigerant at the three specific locations in the refrigerant circuit 200, respectively.
[0072]

In the example in Fig. 5, the three specific locations are the inlet of the

compressor 101, the outlet of the compressor 101, and the outlet of a condenser.
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Therefore, the three pieces of refrigerant state information x include inlet information
a indicating the state of the refrigerant at the inlet of the compressor 101, outlet
information b indicating the state of the refrigerant at the outlet of the compressor
101, and condenser information c indicating the state of the refrigerant at the outlet of
the condenser. Specifically, the normal-region arithmetic unit 332 calculates the inlet
information a, the outlet information b, and the condenser information c as the three
pieces of refrigerant state information x.

[0073]

In the example in Fig. 5, three normal regions X are set in accordance with the
inlet information a, the outlet information b, and the condenser information ¢ as the
three pieces of refrigerant state information x, respectively. Therefore, the three
normal regions X include an inlet region A where the inlet information a exists during
normal operation, an outlet region B where the outlet information b exists during
normal operation, and a condenser region C where the condenser information ¢
exists during normal operation. Specifically, the cycle state arithmetic unit 331
calculates the inlet region A, the outlet region B, and the condenser region C as the
three normal regions X respectively corresponding to the three pieces of refrigerant
state information x.

[0074]

For example, in the diagnosis image in Fig. 5, it is determined that there is no
abnormality in the air-conditioning apparatus 100 since the refrigerant state
information x is within each normal region X. On the other hand, in a case where the
condenser information ¢ has higher enthalpy than the condenser region C, the
condenser information ¢ deviates rightward relative to the condenser region C. In
this case, an abnormal refrigerant amount in the refrigerant circuit 200 is suspected.
[0075]

In a case where the outlet information b has higher pressure than the outlet
region B and the condenser information ¢ has higher pressure than the condenser
region C, the outlet information b deviates upward relative to the outlet region B and

the condenser information ¢ deviates upward relative to the condenser region C in the
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diagnosis image. In this case, a heat transfer abnormality in a condenser is
suspected. An assumed cause of a heat transfer abnormality in a condenser may
be an abnormality in the outdoor heat exchanger 102 or an operational abnormality in
the outdoor fan 104 during cooling operation, or may be an abnormality in the indoor
heat exchanger 103 or an operational abnormality in the indoor fan 105 during
heating operation.

[0076]

In a case where the inlet information a has lower pressure than the inlet region
A, the inlet information a deviates downward relative to the inlet region Ain the
diagnosis image. In this case, a heat transfer abnormality in an evaporator is
suspected. An assumed cause of a heat transfer abnormality in an evaporator may
be an abnormality in the indoor heat exchanger 103 or an operational abnormality in
the indoor fan 105 during cooling operation, or may be an abnormality in the outdoor
heat exchanger 102 or an operational abnormality in the outdoor fan 104 during
heating operation.

[0077]

In a case where the outlet information b has higher enthalpy than the outlet
region B, the outlet information b deviates rightward relative to the outlet region B in
the diagnosis image. In this case, an abnormality in the compressor 101 is
suspected. In a case where the inlet information a has lower enthalpy than the inlet
region A, the inlet information a deviates leftward relative to the inlet region A in the
diagnosis image. In this case, a state where liquid refrigerant is flowing into the
compressor 101 is suspected.

[0078]

In a case where the inlet information a has higher pressure than the inlet region
A, the outlet information b has lower pressure than the outlet region B, and the
condenser information ¢ has lower pressure than the condenser region C, the inlet
information a deviates upward relative to the inlet region A, the outlet information b
deviates downward relative to the outlet region B, and the condenser information ¢

deviates downward relative to the condenser region C in the diagnosis image. In
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this case, an abnormality in the expansion unit 106 or pipe clogging is suspected.

An abnormality in the expansion unit 106 refers to an abnormality occurring in at least
one of the first expansion valve 106a and the second expansion valve 106b. Pipe
clogging refers to a situation where there is a blocked section hindering the circulation
of the refrigerant in the refrigerant circuit 200.

[0079]

In the normal-operation abnormality diagnosis, the abnormality diagnosis unit
330 may obtain the refrigerant state information x by using the state data and the
control data, and may cause the storage unit 701 of the server apparatus 700 to
arrange and accumulate the obtained refrigerant state information x in a chronological
order. Then, the abnormality diagnosis unit 330 may determine whether or not there
is an abnormality in the air-conditioning apparatus 100 based on a temporal change
in the refrigerant state information x accumulated in the server apparatus 700.
Accordingly, the tendency of aged deterioration in, for example, the actuators of the
air-conditioning apparatus 100 can be ascertained, so that the air-conditioning
apparatus 100 can be monitored with higher accuracy, whereby appropriate
measures can be taken more quickly in accordance with the state of the air-
conditioning apparatus 100.

[0080]

The failure diagnosis system 800 includes the server apparatus 700 and the
single air-conditioning system 600 in Figs. 1 and 2, but is not limited to this
configuration. The failure diagnosis system 800 may include the server apparatus
700 and a plurality of air-conditioning systems 600. In this case, each of the plurality
of air-conditioning systems 600 may accumulate, over time, the state data, the control
data, the data obtained in the normal-operation abnormality diagnosis, and the data
obtained in the abnormality-cause identification diagnosis in the server apparatus
700. Then, the plurality of air-conditioning systems 600 may use the information
accumulated in the server apparatus 700 in a shared manner. Accordingly, the

abnormality diagnosis unit 330 can perform failure diagnosis by using not only the
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past data accumulated in the storage unit 701 but also data of another air-
conditioning system 600, so that the diagnosis accuracy can be enhanced.
[0081]

For example, to suppress an increased frequency of performing abnormality
determination, the normal region X is set to a relatively large region in an initial stage
where the accumulated amount of data is small. However, by using the data
accumulated in the server apparatus 700, the normal region X can be reduced to an
appropriate region at a relatively early stage. Therefore, the diagnosis accuracy of
the normal-operation abnormality diagnosis can be enhanced.

[0082]

As an alternative to the diagnosis image displayed in Fig. 5 that includes the
saturation line S, the diagnosis image does not have to include the saturation line S.
Furthermore, as an alternative to the diagnosis image displayed in Fig. 5 that includes
the refrigeration cycle pattern Cf, the diagnosis image does not have to include the
refrigeration cycle pattern Cf. However, the diagnosis image including the
refrigeration cycle pattern Cf facilitates the correspondence between the refrigerant
state information x and the normal region X, thereby achieving enhanced user-
friendliness.

[0083]

In addition, as an alternative to the diagnosis image in Fig. 5 having the
isothermal line Tout and the isothermal line Tin displayed therein, the isothermal line
Tout and the isothermal line Tin do not have to be displayed in the diagnosis image.
However, with the diagnosis image having the isothermal line Tout and the isothermal
line Tin displayed therein, the user can visually ascertain the relationship between the
state of the air-conditioning apparatus 100 and the air temperature around the air-
conditioning apparatus 100.

[0084]

The controller 140 and the failure diagnosis device 300 may each be hardware,

such as a circuit device that realizes the above-described functions, or may each

include an arithmetic device, such as a microcomputer, and software that realizes the

27



10

15

20

25

30

above-described functions by operating in cooperation with such an arithmetic device.
The storage unit 320 may be, for example, a RAM (random access memory) and a
ROM (read only memory), a PROM (programmable ROM), such as a flash memory,
or an HDD (hard disk drive).

[0085]

Fig. 6 is a flowchart illustrating the operation performed by the failure diagnosis
system in Figs. 1 and 2. A failure diagnosis method of the air-conditioning apparatus
100 according to Embodiment 1 will be described with reference to Fig. 6.

[0086]

First, the controller 140 determines whether or not the air-conditioning
apparatus 100 is performing normal operation (step S101). If the controller 140
determines that the air-conditioning apparatus 100 is not performing normal operation
(step S101/No), the failure diagnosis process by the failure diagnosis system 800 is
terminated.

[0087]

If the controller 140 determines that the air-conditioning apparatus 100 is
performing normal operation (step S101/Yes), the controller 140 collects current
control data and current state data, that is, current operation data. Then, the
controller 140 transmits the collected operation data to the stable-operation
determining unit 310 (step S102).

[0088]

The stable-operation determining unit 310 acquires the current operation data
from the controller 140 and causes the storage unit 320 to store the acquired
operation data (step S103). Then, the stable-operation determining unit 310
determines whether or not the operating state of the air-conditioning apparatus 100 is
stable by using the current operation data (step S104). If the stable-operation
determining unit 310 determines that the operating state of the air-conditioning
apparatus 100 is not stable (step S104/No), the failure diagnosis system 800
proceeds to step S101. Specifically, the failure diagnosis system 800 waits until the

operating state of the air-conditioning apparatus 100 becomes stable.
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[0089]

If the operating state of the air-conditioning apparatus 100 is stable (step
S104/Yes), the stable-operation determining unit 310 transmits a stability signal
indicating that the operating state of the air-conditioning apparatus 100 is stable to the
abnormality diagnosis unit 330. Then, the abnormality diagnosis unit 330 acquires,
from the storage unit 320, the current operation data collected by the controller 140 in
step S102. Alternatively, the stable-operation determining unit 310 may transit a
stability signal containing the current operation data to the abnormality diagnosis unit
330 (step S105).

[0090]

The abnormality diagnosis unit 330 uses the current operation data to obtain
state space data containing refrigerant state information x and a normal region X
(step S106). Subsequently, the abnormality diagnosis unit 330 determines whether
or not an abnormality has occurred in the air-conditioning apparatus 100 from the
position of the refrigerant state information x relative to the normal region X (step
S107). If the refrigerant state information x is included in the normal region X, the
abnormality diagnosis unit 330 determines that an abnormality has not occurred in the
air-conditioning apparatus 100 (step S107/No). In this case, the failure diagnosis
system 800 proceeds to step S101. The failure diagnosis system 800 may proceed
to step S101 after waiting for a predetermined waiting period.

[0091]

On the other hand, if the refrigerant state information x has deviated from the
normal region X, the abnormality diagnosis unit 330 determines that an abnormality
has occurred in the air-conditioning apparatus 100. When the state space data
contains a plurality of pieces of refrigerant state information x and a plurality of normal
regions X, the abnormality diagnosis unit 330 determines that an abnormality has
occurred in the air-conditioning apparatus 100 if at least one of the pieces of
refrigerant state information x is outside the corresponding normal region X (step
S107/Yes).

[0092]
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The series of steps from step S101 to step S107 corresponds to normal-
operation abnormality diagnosis. The abnormality diagnosis unit 330 causes the
storage unit 320 or the storage unit 701 to store the data obtained in the normal-
operation abnormality diagnosis, that is, the operation data and the state space data
(step S108).

[0093]

Then, the abnormality diagnosis unit 330 executes abnormality-cause
identification control for changing the control values for the actuators of the air-
conditioning apparatus 100 from the current values. The abnormality-cause
identification control is control for changing the control values for the actuators of the
air-conditioning apparatus 100 and is intended for changing the state of the
refrigeration cycle indicated in a p-h diagram. Specifically, the abnormality diagnosis
unit 330 determines an actuator for which the control value is to be changed in
accordance with the result of the normal-operation abnormality diagnosis. Then, the
abnormality diagnosis unit 330 changes the control value for the determined actuator.
[0094]

In more detail, the abnormality diagnosis unit 330 transmits, to the controller
140, a control command for the actuator determined based on the result of the
normal-operation abnormality diagnosis. The controller 140 changes the control
value for the actuator of the air-conditioning apparatus 100 by a preset amount in
accordance with the control command from the abnormality diagnosis unit 330. For
example, a preset amount for each actuator may be stored in the storage unit 320.

In this case, the controller 140 may read the preset amount from the storage unit 320
and control the actuator. Alternatively, the abnormality diagnosis unit 330 may read
the preset amount from the storage unit 320 and transmit a control command
containing the read preset amount to the controller 140. Moreover, a preset amount
table in which the control value and the preset amount are associated with each other
for each actuator may be stored in the storage unit 320. In this case, the controller
140 obtains the preset amount by checking the current control value against the

preset amount table. Alternatively, a control value table in which the control value for
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each actuator and a change value as a control value after the change are associated
with each other may be stored in the storage unit 320. In this case, the controller
140 obtains the change value by checking the current control value against the
control value table, and sets the control value for the actuator of the air-conditioning
apparatus 100 to the change value (step S109).

[0095]

Subsequently, the controller 140 collects the current control data and the
current state data, that is, the operation data acquired after the change of the control
value. This is for evaluating the effect that the failure-cause identification control has
on the state of the refrigeration cycle. Then, the controller 140 transmits the
operation data acquired after the change of the control value to the abnormality
diagnosis unit 330 (step S110).

[0096]

When the abnormality diagnosis unit 330 acquires the operation data after the
change of the control value from the controller 140 (step S111), the abnormality
diagnosis unit 330 uses the acquired operation data to obtain state space data after
the change of the control value. Specifically, the abnormality diagnosis unit 330
calculates the state of the refrigeration cycle under the abnormality-cause
identification control (step S112).

[0097]

Then, the abnormality diagnosis unit 330 analyzes the state space data
acquired after the change of the control value. Specifically, the abnormality
diagnosis unit 330 compares the state space data obtained in step S106 with the
state space data acquired after the change of the control value (step S113). Then,
the abnormality diagnosis unit 330 identifies the cause of the abnormality in the air-
conditioning apparatus 100 based on the degree of change in the state space data
acquired after the change of the control value relative to the state space data
obtained in step S106.

[0098]
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In this case, when the output processing unit 334 transmits cause identification
information to the management apparatus 400, the management apparatus 400
causes at least one of the display unit 421 and the notifying unit 422 to output an
abnormality-cause identification result. When the output processing unit 334
transmits the cause identification information to the information terminal 500, the
information terminal 500 causes at least one of the display unit 521 and the notifying
unit 522 to output the abnormality-cause identification result.

[0099]

Furthermore, when the output processing unit 334 transmits display data to the
management apparatus 400, the management apparatus 400 causes the display unit
421 to display an analysis image based on the display data. When the output
processing unit 334 transmits the display data to the information terminal 500, the
information terminal 500 causes the display unit 521 to display the analysis image
based on the display data. The failure diagnosis system 800 can support the user,
such as a maintenance person, by displaying the analysis image (step S114).

[0100]

The series of steps from step S109 to step S114 corresponds to abnormality-
cause identification diagnosis. As mentioned above, examples of the cause of the
abnormality identified by the failure diagnosis system 800 include an abnormal
refrigerant amount, heat exchange deterioration, filter clogging, a compressor
abnormality, a liquid-back phenomenon, overcurrent, pipe clogging, a locked LEV,
and a locked fan. The failure diagnosis system 800 executes the above-described
series of steps from step S101 to step S114 for every predetermined diagnosis cycle.
[0101]

A specific example of an abnormality-cause identification process performed by
the abnormality diagnosis unit 330 will now be described. For example, in the
normal-operation abnormality diagnosis, a diagnosis result indicating that an
abnormality has occurred in at least one of the outdoor heat exchanger 102 and the

outdoor fan 104 can be obtained. However, in the normal-operation abnormality
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diagnosis, it is not possible to determine in which one of the outdoor heat exchanger
102 and the outdoor fan 104 the abnormality has occurred.
[0102]

Therefore, if a diagnosis result indicating that an abnormality has occurred in at
least one of the outdoor heat exchanger 102 and the outdoor fan 104 is obtained in
the normal-operation abnormality diagnosis, the abnormality diagnosis unit 330
performs control for changing the rotation speed of the outdoor fan 104 as the
abnormality-cause identification control. In this case, if there is no abnormality in the
outdoor fan 104, a predetermined change occurs in the p-h diagram when the rotation
speed of the outdoor fan 104 is changed. Thus, the diagnosis processing unit 333
determines in which one of the outdoor heat exchanger 102 and the outdoor fan 104
the abnormality has occurred based on a response in the p-h diagram when the
rotation speed of the outdoor fan 104 is changed. The diagnosis processing unit 333
according to Embodiment 1 identifies an actuator in which an abnormality has
occurred based on a variation in the refrigerant state information x acquired after the
change of the control value relative to the refrigerant state information x acquired
before the change of the control value.

[0103]

Accordingly, if the failure diagnosis system 800 determines that there is an
abnormality in the air-conditioning apparatus 100 during normal operation based on
the state data and the control data, the failure diagnosis system 800 changes the
control value for an actuator. Then, the cause of the abnormality in the air-
conditioning apparatus 100 is identified by using the operation data acquired before
the change of the control value and the operation data acquired after the change of
the control value. Accordingly, the accuracy for determining whether or not there is
an abnormality can be enhanced, and the cause of the abnormality can be identified
quickly and accurately, whereby the failure diagnosis can be performed with high
accuracy and high efficiency without the comfort being impaired.

[0104]
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Furthermore, the failure diagnosis system 800 has the stable-operation
determining unit 310 that determines whether or not the operating state of the air-
conditioning apparatus 100 is stable by using the operation data during normal
operation of the air-conditioning apparatus. The abnormality diagnosis unit 330
performs the normal-operation abnormality diagnosis when the stable-operation
determining unit 310 determines that the operating state is stable. Specifically, in the
normal-operation abnormality diagnosis, the accuracy for determining whether or not
there is an abnormality is enhanced since the stability of the operating state of the air-
conditioning apparatus 100 is ensured, thereby suppressing an increased frequency
of performing the abnormality-cause identification control and saving energy.

[0105]

Furthermore, in the normal-operation abnormality diagnosis, the abnormality
diagnosis unit 330 uses the operation data to obtain the refrigerant state information x
indicating the state of the refrigerant at specific locations in the refrigerant circuit 200.
Moreover, in the abnormality-cause identification diagnosis, the abnormality diagnosis
unit 330 uses the operation data acquired after the change of the control value to
obtain the refrigerant state information x. Then, the abnormality diagnosis unit 330
compares the refrigerant state information x acquired before the change of the control
value with the refrigerant state information x acquired after the change of the control
value to identify the cause of the abnormality in the air-conditioning apparatus 100.
[0106]

Then, the abnormality diagnosis unit 330 causes at least one of the
management apparatus 400 and the information terminal 500 to output the
abnormality-cause identification result. Therefore, the user, such as a maintenance
person, can ascertain the cause of the abnormality in the air-conditioning apparatus
100 quickly and effortlessly. Moreover, the abnormality diagnosis unit 330 causes at
least one of the management apparatus 400 and the information terminal 500 to
display the refrigerant state information x acquired before the change of the control
value and the refrigerant state information x acquired after the change of the control

value. Thus, the user, such as a maintenance person, can ascertain the state of the
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air-conditioning apparatus 100 at a glance. In addition, in a case where the
abnormality diagnosis unit 330 causes the refrigerant state information x acquired
before and after the change of the control value to be output together with the
abnormality-cause identification result, the user can visually recognize not only the
abnormality-cause identification result but also the degree of the abnormality, so that
more detailed measures can be taken.

[0107]

Embodiment 2

Since the overall configuration and the functional configuration of a failure
diagnosis system according to Embodiment 2 of the present invention are similar to
those in Embodiment 1, identical components will be given the same reference signs,
and descriptions thereof will be omitted. In Embodiment 2, the failure diagnosis
device 300 is configured assuming that a maintenance person uses the failure
diagnosis system 800 by being commissioned by a client.

[0108]

The stable-operation determining unit 310 according to Embodiment 2
determines whether or not the operating state of the air-conditioning apparatus 100 is
stable for every predetermined updating cycle. The stable-operation determining
unit 310 causes the storage unit 320 to store state data and control data, that is,
operation data, when the operating state of the air-conditioning apparatus 100 is
determined as being stable by the stable-operation determining unit 310. The
operation data that the stable-operation determining unit 310 causes the storage unit
320 to store when the operating state of the air-conditioning apparatus 100 is stable
may also be referred to as stable operation data hereinafter. If the stable-operation
determining unit 310 determines that the operating state of the air-conditioning
apparatus 100 is stable in the determination performed for every updating cycle, the
stable-operation determining unit 310 may write new stable operation data over the
stable operation data in the storage unit 320.

[0109]
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The abnormality diagnosis unit 330 according to Embodiment 2 reads the latest
stable operation data from the storage unit 320 in response to a diagnosis request
from the outside, and uses the read stable operation data to determine whether or not
there is an abnormality in the air-conditioning apparatus 100. Furthermore, when the
abnormality diagnosis unit 330 determines that there is an abnormality in the air-
conditioning apparatus 100 in normal-operation abnormality diagnosis and also
receives a cause identification request from the outside, the abnormality diagnosis
unit 330 performs abnormality-cause identification diagnosis.

[0110]

Fig. 7 is a flowchart illustrating an operation-data storing process included in
the operation of the failure diagnosis system according to Embodiment 2 of the
present invention. The operation of the stable-operation determining unit 310 will be
described with reference to Fig. 7. Steps identical to those in Fig. 6 will be given the
same numbers, and descriptions thereof will be partially omitted.

[0111]

First, the controller 140 determines whether or not the air-conditioning
apparatus 100 is performing normal operation (step S101). If the controller 140
determines that the air-conditioning apparatus 100 is not performing normal operation
(step S101/No), the failure diagnosis system 800 does not collect operation data at
the current timing and terminates the operation-data storing process.

[0112]

If the controller 140 determines that the air-conditioning apparatus 100 is
performing normal operation (step S101/Yes), the controller 140 collects current
operation data and transmits the current operation data to the stable-operation
determining unit 310 (step S102). When the stable-operation determining unit 310
acquires the current operation data from the controller 140 (step S103), the stable-
operation determining unit 310 uses the acquired operation data to determine
whether or not the operating state of the air-conditioning apparatus 100 is stable (step
S104).

[0113]
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If the stable-operation determining unit 310 determines that the operating state
of the air-conditioning apparatus 100 is not stable (step S104/No), the failure
diagnosis system 800 terminates the operation-data storing process at the current
timing.

[0114]

If the operating state of the air-conditioning apparatus 100 is stable (step
S104/Yes), the stable-operation determining unit 310 causes the storage unit 320 to
store the current operation data acquired from the controller 140 in step S103 as
stable operation data (step S201).

[0115]

The failure diagnosis system 800 executes the above-described series of steps
including step S101 to step S104 and step S201 for every updating cycle.

Therefore, the latest operation data during stable operation of the air-conditioning
apparatus 100 is stored in the storage unit 320.
[0116]

Fig. 8 is a flowchart illustrating the flow of failure diagnosis included in the
operation of the failure diagnosis system according to Embodiment 2 of the present
invention. The flow when a maintenance person uses the failure diagnosis system
800 by being commissioned by a client will be described with reference to Fig. 8.
[0117]

First, the abnormality diagnosis unit 330 waits until a diagnosis request is input
from the maintenance person via the management apparatus 400 or the information
terminal 500 (step S301/No). When a diagnosis request is input via the
management apparatus 400 or the information terminal 500 (step S301/Yes), the
abnormality diagnosis unit 330 reads the latest stable operation data stored in the
storage unit 320 (step S302).

[0118]

The abnormality diagnosis unit 330 uses the read stable operation data to

obtain state space data containing refrigerant state information x and a normal region

X (step S303). Subsequently, the abnormality diagnosis unit 330 executes step
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S107, similar to the case in Fig. 6. The series of steps including step S301 to step
S303 and step S107 corresponds to normal-operation abnormality diagnosis.
[0119]

In a case where the abnormality diagnosis unit 330 determines that an
abnormality has occurred in the air-conditioning apparatus 100 (step S107/Yes), the
abnormality diagnosis unit 330 makes an inquiry to the maintenance person to ask
whether or not failure-cause identification diagnosis is to be performed. Specifically,
the abnormality diagnosis unit 330 transmits an output command for inquiring about
whether or not the failure-cause identification diagnosis is to be performed to at least
one of the management apparatus 400 and the information terminal 500. If the
management apparatus 400 receives the output command from the abnormality
diagnosis unit 330, the management apparatus 400 causes the display unit 421 to
display information inquiring about whether or not the diagnosis is necessary. |If the
information terminal 500 receives the output command from the abnormality
diagnosis unit 330, the information terminal 500 causes the display unit 521 to display
information inquiring about whether or not the diagnosis is necessary (step S304).

In addition, the abnormality diagnosis unit 330 executes step S108, similar to the
case in Fig. 6.
[0120]

Then, the abnormality diagnosis unit 330 waits until the maintenance person
inputs a cause identification request via the management apparatus 400 or the
information terminal 500. If the maintenance person performs an operation
indicating that the abnormality-cause identification diagnosis is not necessary or if a
predetermined waiting period elapses (step S305/No), the failure diagnosis system
800 terminates the failure diagnosis process.

[0121]

On the other hand, when the maintenance person makes a request for the
abnormality-cause identification diagnosis by inputting a cause identification request
via the management apparatus 400 or the information terminal 500 (step S305/Yes),

the process proceeds to step S109. Specifically, the failure diagnosis system 800
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executes step S109 to step S114, similar to the case in Fig. 6. The series of steps
including step S305 and step S109 to step S114 corresponds to abnormality-cause
identification diagnosis.

[0122]

If the abnormality diagnosis unit 330 determines that an abnormality has
occurred in the air-conditioning apparatus 100 (step S107/Yes), the abnormality
diagnosis unit 330 may cause at least one of the management apparatus 400 and the
information terminal 500 to output the result of the normal-operation abnormality
diagnosis together with the information inquiring about whether or not the diagnosis is
necessary. Furthermore, in the above-described case (step S107/Yes), the
abnormality diagnosis unit 330 may cause at least one of the management apparatus
400 and the information terminal 500 to display an analysis image based on the state
space data obtained in step S303 together with the information inquiring about
whether or not the diagnosis is necessary. Moreover, in the above-described case
(step S107/Yes), the abnormality diagnosis unit 330 may cause at least one of the
management apparatus 400 and the information terminal 500 to output the result of
the normal-operation abnormality diagnosis and the analysis image based on the
state space data obtained in step S303 together with the information inquiring about
whether or not the diagnosis is necessary. Accordingly, the maintenance person can
readily determine whether or not the abnormality-cause identification diagnosis is
necessary, thereby achieving enhanced user-friendliness.

[0123]

Accordingly, the failure diagnosis system 800 according to Embodiment 2 can
achieve enhanced accuracy for determining whether or not there is an abnormality,
and can also identify the cause of the abnormality quickly and accurately, thereby
performing the failure diagnosis with high accuracy and high efficiency without
impairing comfort. Moreover, the failure diagnosis system 800 according to
Embodiment 2 causes the storage unit 320 or the storage unit 701 to accumulate,
over time, the operation data acquired when the operating state of the air-conditioning

apparatus 100 is determined as being stable by the stable-operation determining unit
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310. The abnormality diagnosis unit 330 reads the latest operation data from the
storage unit 320 or the storage unit 701 in response to a diagnosis request from the
outside. Then, the abnormality diagnosis unit 330 uses the read operation data to
determine whether or not there is an abnormality in the air-conditioning apparatus
100. Accordingly, when the maintenance person makes a diagnosis request, the
normal-operation abnormality diagnosis can always be performed, thereby achieving
enhanced user-friendliness. Other advantages are similar to those of Embodiment
1.

[0124]

Embodiment 3

Fig. 9 is a block diagram illustrating a functional configuration of a failure
diagnosis system according to Embodiment 3 of the present invention. Because the
configuration of the failure diagnosis system according to Embodiment 3 is similar to
those in Embodiment 1 and Embodiment 2, identical components will be given the
same reference signs, and descriptions thereof will be omitted.

[0125]

As illustrated in Fig. 9, a failure diagnosis system 800A includes an air-
conditioning system 600A and a server apparatus 700A. The air-conditioning
system 600A has an air-conditioning apparatus 100A, the management apparatus
400, and the information terminal 500. In the failure diagnosis system 800A, the
stable-operation determining unit 310 and the abnormality diagnosis unit 330 are
provided in the server apparatus 700A.

[0126]

The server apparatus 700A comprises, for example, a storage processing
apparatus provided outside the air-conditioning apparatus 100 and provided by a
cloud service. The server apparatus 700A is connected to the management
apparatus 400 and the information terminal 500 in a communicable manner via the
electric communication line 900. The server apparatus 700A is connected to the

controller 140 in a communicable manner via the electric communication line 900 and
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the communication device 150. Alternatively, the server apparatus 700A may be a
physical server, such as a web server.
[0127]

A storage unit 701A of the server apparatus 700A has the role of the storage
unit 320 in Embodiment 1 and Embodiment 2 and the role of the storage unit 701 in
Embodiment 1 and Embodiment 2.  For example, various types of data included in
signals sent from the controller 140, the refrigerant temperature sensors 121 to 125,
and the air temperature sensors 131 and 132, state space data, and a diagnosis
result obtained by the abnormality diagnosis unit 330 for a past certain period are
stored in the storage unit 701A.

[0128]

Furthermore, the abnormality diagnosis unit 330 according to Embodiment 3
has a function similar to that of the data processing unit 702 in Embodiment 1 and
Embodiment 2.  Although the path from which the stable-operation determining unit
310 and the abnormality diagnosis unit 330 acquire various types of data is different
from the cases in Embodiment 1 and Embodiment 2, the configuration and the
operation of the stable-operation determining unit 310 and the abnormality diagnosis
unit 330 are similar to the cases in Embodiment 1 and Embodiment 2.

[0129]

The failure diagnosis system 800A includes the server apparatus 700A and the
single air-conditioning system 600A in Fig. 9, but is not limited to this configuration.
The failure diagnosis system 800A may include the server apparatus 700A and a
plurality of air-conditioning systems 600A. In this case, the abnormality diagnosis
unit 330 may perform normal-operation abnormality diagnosis and abnormality-cause
identification diagnosis for each of a plurality of air-conditioning apparatuses 100A.
Furthermore, the abnormality diagnosis unit 330 may cause the server apparatus
700A to accumulate, over time, the state data, the control data, the data obtained in
the normal-operation abnormality diagnosis, and the data obtained in the abnormality-
cause identification diagnosis for each air-conditioning apparatus 100A. Moreover,

the abnormality diagnosis unit 330 may use the information accumulated in the server
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apparatus 700A for the normal-operation abnormality diagnosis and the abnormality-
cause identification diagnosis with respect to each of the plurality of air-conditioning
apparatus 100A. Accordingly, the diagnosis accuracy of the normal-operation
abnormality diagnosis can be enhanced, similar to Embodiment 1 and Embodiment 2.
[0130]

Accordingly, the failure diagnosis system 800A according to Embodiment 3 can
achieve enhanced accuracy for determining whether or not there is an abnormality,
and can also identify the cause of the abnormality quickly and accurately, thereby
performing the failure diagnosis with high accuracy and high efficiency without
impairing comfort. Furthermore, in the failure diagnosis system 800A, the stable-
operation determining unit 310 and the abnormality diagnosis unit 330 are provided in
the server apparatus 700A. Therefore, the abnormality diagnosis of the air-
conditioning apparatus 100A can be performed accurately without having to add the
stable-operation determining unit 310 and the abnormality diagnosis unit 330 inside
the air-conditioning apparatus 100A. Specifically, even with an existing air-
conditioning apparatus 100A, highly-accurate failure diagnosis can be performed by
combining the apparatus with the server apparatus 700A. Other advantages are
similar to those of Embodiment 1 and Embodiment 2.

[0131]

Embodiment 1 to Embodiment 3 described above are preferred specific
examples with respect to a failure diagnosis system, and the technical scope of the
present invention is not to be limited to Embodiment 1 to Embodiment 3 described
above. For example, as an alternative to the above description in which three
specific locations are set as a specific example, the set number of specific locations
may be one, two, or four or more.

[0132]

Furthermore, the state detection unit 120 is not limited to the above-described
configuration. For example, the state detection unit 120 may have a refrigerant
temperature sensor that is provided at the suction side of the compressor 101 in

place of the refrigerant temperature sensor 121 and that measures the temperature of
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refrigerant to be suctioned into the compressor 101. The sensors of the state
detection unit 120 are not limited to temperature sensors. The state detection unit
120 may include a pressure sensor that measures the pressure of the refrigerant or
an infrared camera that measures the temperature of a noncontact section.
[0133]

Furthermore, the refrigerant circuit 200 is not limited to the configuration in Fig.
1. The air-conditioning apparatus 100 may be equipped with a refrigerant circuit 200
of various configurations. The failure diagnosis device 300 can analyze the state of
the refrigerant circuit 200 having various configurations in a manner similar to the
above. For example, as an alternative to the case in Fig. 1 where the expansion unit
106 includes the first expansion valve 106a and the second expansion valve 106b,
the expansion unit 106 may be, for example, a single expansion valve formed of an
electronic expansion valve.
[0134]

Each of the failure diagnosis systems 800 and 800A according to Embodiment
1 to Embodiment 3 described above includes the management apparatus 400 and
the information terminal 500, but is not limited to this configuration. The failure
diagnosis systems 800 and 800A may each include either one of the management
apparatus 400 and the information terminal 500. Furthermore, in a case where the
air-conditioning apparatus 100 has, for example, a display unit and an input unit, each
of the failure diagnosis systems 800 and 800A does not have to include the
management apparatus 400 and the information terminal 500. In addition, the failure
diagnosis system 800 according to Embodiment 1 and Embodiment 2 does not have
to include the management apparatus 400 and the information terminal 500 if the
failure diagnosis device 300 has, for example, a display unit and an input unit.
Moreover, the failure diagnosis system 800 according to Embodiment 1 and
Embodiment 2 does not have to include the server apparatus 700.
Reference Signs List

[0135]
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100, 100A air-conditioning apparatus 101 compressor 102 outdoor
heat exchanger 103 indoor heat exchanger 104 outdoorfan 105 indoor fan
106 expansion unit 106a first expansion valve 106b second expansion valve
108 four-way valve 109 receiver 110 outdoor unit 111 indoor unit 120
state detection unit 121 to 125 refrigerant temperature sensors 131 and 132 air
temperature sensors 140 controller 150 communication device 200
refrigerant circuit 300 failure diagnosis device 310 stable-operation determining
unit 320 storage unit 330 abnormality diagnosis unit 331 cycle state
arithmetic unit 332 normal-region arithmetic unit 333 diagnosis processing unit
334 output processing unit 400, 400C management apparatus 410,510 input
unit 420,520 outputunit 421,521 display unit 422,522 notifying unit 430,
530 output control unit 440 communication processing unit 500 information
terminal 600, 600A air-conditioning system 700, 700A server apparatus 701,
701A storage unit 702 data processing unit 703 server communication unit
800, 800A failure diagnosis system 900 electric communication line A inlet
region B outletregion C condenserregion Cf refrigeration cycle pattern R
refrigerant pipe S saturation line Tin, Tout isothermal line X normal region
a inletinformation b outlet information ¢ condenser information x

refrigerant state information
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CLAIMS
[Claim 1]

A failure diagnosis system configured to diagnose a state of an air-conditioning
apparatus having a refrigerant circuit in which refrigerant circulates, the failure
diagnosis system comprising:

a state detection unit configured to detect a state of the refrigerant in the
refrigerant circuit as state data;

a controller configured to control an actuator of the air-conditioning apparatus;
and

an abnormality diagnosis unit configured to perform normal-operation
abnormality diagnosis determining presence or absence of abnormality of the air-
conditioning apparatus by using

the state data, and
control data indicating a content of control by the controller during a
normal operation of the air-conditioning apparatus,

the abnormality diagnosis unit being configured to,

when determining that abnormality is present in the air-conditioning apparatus,

change a control value of the actuator of the air-conditioning apparatus,

acquire the state data and the control data,

perform abnormality-cause identification diagnosis identifying a cause of an
abnormality of the air-conditioning apparatus by using

the state data and the control data that are acquired before the change
of the control value, and
the state data and the control data that are acquired after the change of
the control value.
[Claim 2]
The failure diagnosis system of claim 1, further comprising:
a stable-operation determining unit configured to use the state data and the

control data during the normal operation of the air-conditioning apparatus to
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determine whether or not an operating state of the air-conditioning apparatus is
stable,

wherein the abnormality diagnosis unit is configured to determine presence or
absence of abnormality in the air-conditioning apparatus by using the state data and
the control data acquired when the operating state of the air-conditioning apparatus is
determined as being stable by the stable-operation determining unit.
[Claim 3]

The failure diagnosis system of claim 2,

wherein the abnormality diagnosis unit is configured to acquire the state data
and the control data when the operating state of the air-conditioning apparatus is
determined as being stable by the stable-operation determining unit, and use the
acquired state data and the acquired control data to determine presence or absence
of abnormality in the air-conditioning apparatus.
[Claim 4]

The failure diagnosis system of claim 2, further comprising:

a storage unit configured to store the state data and the control data,

wherein the stable-operation determining unit is configured to determine
whether or not the operating state of the air-conditioning apparatus is stable for every
updating cycle, and cause the storage unit to store, as stable operation data, the state
data and the control data acquired when the operating state of the air-conditioning
apparatus is determined as being stable, and

wherein the abnormality diagnosis unit is configured to read the latest stable
operation data from the storage unit in response to a diagnosis request from an
outside, and use the read stable operation data to determine presence or absence of
abnormality in the air-conditioning apparatus.
[Claim 5]

The failure diagnosis system of any one of claims 2 to 4,

wherein the stable-operation determining unit and the abnormality diagnosis
unit are provided in the air-conditioning apparatus.

[Claim 6]
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The failure diagnosis system of any one of claims 2 to 5, further comprising:

a plurality of air-conditioning systems, each including the air-conditioning
apparatus, the state detection unit, the controller, the stable-operation determining
unit, and the abnormality diagnosis unit,

wherein the plurality of air-conditioning systems are configured to cause a
server apparatus provided outside the air-conditioning apparatuses to accumulate,
over time, the state data, the control data, data obtained in the normal-operation
abnormality diagnosis, and data obtained in the abnormality-cause identification
diagnosis, and use information accumulated in the server apparatus in a shared
manner.
[Claim 7]

The failure diagnosis system of any one of claims 2 to 4,

wherein the stable-operation determining unit and the abnormality diagnosis
unit are provided in a server apparatus provided outside the air-conditioning
apparatus.
[Claim 8]

The failure diagnosis system of claim 7, further comprising:

a plurality of air-conditioning systems, each including the air-conditioning
apparatus, the state detection unit, and the controller,

wherein the abnormality diagnosis unit is configured to perform the normal-
operation abnormality diagnosis and the abnormality-cause identification diagnosis
with respect to each of the plurality of air-conditioning apparatuses.
[Claim 9]

The failure diagnosis system of claim 8,

wherein the abnormality diagnosis unit is configured to cause the server
apparatus to accumulate, over time, the state data, the control data, data obtained
in the normal-operation abnormality diagnosis, data obtained in the abnormality-
cause identification diagnosis for each air-conditioning apparatus, and use

information accumulated in the server apparatus for the normal-operation abnormality
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diagnosis and the abnormality-cause identification diagnosis with respect to each of
the plurality of air-conditioning apparatuses.
[Claim 10]

The failure diagnosis system of any one of claims 1 to 5,

wherein the abnormality diagnosis unit has a function of obtaining refrigerant
state information, indicating the state of the refrigerant at a specific location in the
refrigerant circuit, by using the state data and the control data in the normal-operation
abnormality diagnosis, causing a server apparatus provided outside the air-
conditioning apparatus to arrange and accumulate the obtained refrigerant state
information in a chronological order, and determining presence or absence of
abnormality in the air-conditioning apparatus based on a temporal change in the
refrigerant state information accumulated in the server apparatus.
[Claim 11]

The failure diagnosis system of any one of claims 6 to 9,

wherein the abnormality diagnosis unit has a function of obtaining refrigerant
state information, indicating the state of the refrigerant at a specific location in the
refrigerant circuit, by using the state data and the control data in the normal-operation
abnormality diagnosis, causing the server apparatus to arrange and accumulate the
obtained refrigerant state information in a chronological order, and determining
presence or absence of abnormality in the air-conditioning apparatus based on a
temporal change in the refrigerant state information accumulated in the server
apparatus.
[Claim 12]

The failure diagnosis system of any one of claims 1 to 11,

wherein the abnormality diagnosis unit is configured to

obtain refrigerant state information, indicating the state of the refrigerant
at a specific location of the refrigerant circuit, by using the state data and the control
data in the normal-operation abnormality diagnosis, and
obtain the refrigerant state information by using the state data and the

control data after the change of the control value and compare the obtained

48



10

15

20

25

30

refrigerant state information with the refrigerant state information obtained in the
normal-operation abnormality diagnosis to identify the cause of the abnormality in the
air-conditioning apparatus in the abnormality-cause identification diagnosis.
[Claim 13]

The failure diagnosis system of claim 12,

wherein the abnormality diagnosis unit is configured to cause a management
apparatus to display the refrigerant state information obtained in the normal-operation
abnormality diagnosis and the refrigerant state information acquired after the change
of the control value, the management apparatus being configured to manage the air-
conditioning apparatus.
[Claim 14]

The failure diagnosis system of claim 12 or 13, further comprising:

a communication device serving as an interface when the abnormality
diagnosis unit communicates with an external device,

wherein the abnormality diagnosis unit is configured to cause an information
terminal connected via the communication device to display the refrigerant state
information obtained in the normal-operation abnormality diagnosis and the
refrigerant state information acquired after the change of the control value.
[Claim 15]

The failure diagnosis system of any one of claims 1 to 14,

wherein the abnormality diagnosis unit outputs an abnormality-cause
identification result to a management apparatus configured to manage the air-
conditioning apparatus.
[Claim 16]

The failure diagnosis system of any one of claims 1 to 15, further comprising:

a communication device serving as an interface when the abnormality
diagnosis unit communicates with an external device,

wherein the abnormality diagnosis unit outputs an abnormality-cause
identification result to an information terminal connected via the communication

device.
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[Claim 17]

The failure diagnosis system of any one of claims 1 to 16,

wherein the abnormality diagnosis unit is configured to perform the
abnormality-cause identification diagnosis when the abnormality diagnosis unit
determines that the abnormality is present in the air-conditioning apparatus in the
normal-operation abnormality diagnosis.
[Claim 18]

The failure diagnosis system of any one of claims 1 to 16,

wherein the abnormality diagnosis unit is configured to perform the
abnormality-cause identification diagnosis when the abnormality diagnosis unit
determines that the abnormality is present in the air-conditioning apparatus in the
normal-operation abnormality diagnosis and receives a cause identification request
from an outside.
[Claim 19]

The failure diagnosis system of any one of claims 1 to 18,

wherein the abnormality diagnosis unit is configured to perform the normal-
operation abnormality diagnosis and the abnormality-cause identification diagnosis
within a state space set in accordance with refrigerant pressure and enthalpy.
[Claim 20]

The failure diagnosis system of any one of claims 1 to 19,

wherein the actuator of the air-conditioning apparatus comprises a compressor
and an expansion valve included in the refrigerant circuit, and also comprises a fan
configured to facilitate heat transfer of a heat exchanger included in the refrigerant
circuit, and

wherein the abnormality diagnosis unit is configured to change the control
value of at least one of the compressor, the expansion valve, and the fan in the

abnormality-cause identification diagnosis.
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