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33
ABSTRACT
A power supply unit for an aerosol inhaler includes: a power supply able to
discharge power to a load for generating an aerosol from an aerosol source; a control unit
configured to control the power supply; and a sensor configured to output a value related to a
5  remaining amount of the power supply. The control unit detects a short circuit of the power

supply based on an output value of the sensor.
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1
POWER SUPPLY UNIT FOR AEROSOL INHALER, AND CONTROL METHOD
AND CONTROL PROGRAM OF THE SAME
TECHNICAL FIELD
[0001] The present invention relates to a power supply unit for an aerosol inhaler, and a
5  control method and control program of the power supply unit.
BACKGROUND ART
[0002] An aerosol generating device disclosed in Patent Literature 1 measures the voltage
between the terminals of an electric energy supply source in the course of use of the aerosol
generating device, and monitors whether the corresponding voltage is lower than a threshold
10 for the voltage at an arbitrary time point by comparing it with the threshold. However, by
only measuring voltage drop, it is not possible to determine whether it is just required to
recharge the battery, or the battery has deteriorated so much that replacement is required.
For this reason, the aerosol generating device disclosed in Patent Literature 1 tracks voltage
drop from the status of the usage record, and issues a signal when battery replacement is
15  required.
[0003] [Patent Literature 1] JP-T-2017-514463
[0004] The aerosol generating device disclosed in Patent Literature 1 can perform
determination on deterioration of the battery, but cannot detect a short circuit of the battery.
In order to further improve the safety of the aerosol generating device, in the case where an
20  internal short circuit, which means a short circuit which occurs in the power supply, or an
external short circuit, which means a short circuit which occurs outside the power supply,
occurs, it is desirable to detect the short circuit.
[0005]  An object of the present invention is to provide a power supply unit for an aerosol
inhaler, and a control method and control program of the power supply unit, capable of
25  detecting a short circuit of a power supply.
SUMMARY OF INVENTION
[0006] According to an aspect of the invention, there is provided a power supply unit for an
aerosol inhaler, the power supply unit comprising: a power supply able to discharge power to
a load for generating an aerosol from an aerosol source; a control unit configured to control
30  the power supply; and a sensor configured to output a value related to a remaining amount of
the power supply, wherein the control unit detects a short circuit of the power supply based on
an output value of the sensor in response to a request for aerosol generation.

According to another aspect of the invention, there is provided a control method of a power
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supply unit for an aerosol inhaler, the power supply unit including a power supply able to
discharge power to a load for generating an aerosol from an aerosol source, the control
method comprising: detecting a short circuit of the power supply based on a value related to a
remaining amount of the power supply in response to a request for aerosol generation.
According to another aspect of the invention, there is provided a control program of a power
supply unit for an aerosol inhaler, the power supply unit including a power supply able to
discharge power to a load for generating an aerosol from an aerosol source, the control
program comprising: detecting a short circuit of the power supply based on a value related to
a remaining amount of the power supply in response to a request for aerosol generation.
According to another aspect of the invention, there is provided a power supply unit for an
aerosol inhaler, the power supply unit comprising: a power supply able to discharge power to
a load for generating an aerosol from an aerosol source; a control unit configured to control
the power supply; and a sensor configured to output a value related to a remaining amount of
the power supply, wherein the control unit detects a short circuit of the power supply, based
on a first output value which is an output value of the sensor obtained before discharging for
aerosol generation, and a second output value which is an output value of the sensor obtained
after the discharging.
According to another aspect of the invention, there is provided a power supply unit for an
aerosol inhaler, the power supply unit comprising: a power supply able to discharge power to
a load for generating an aerosol from an aerosol source; a control unit configured to control
the power supply; and a sensor configured to output a value related to a remaining amount of
the power supply, wherein the control unit detects a short circuit of the power supply in a case
where a difference between a first output value which is an output value of the sensor
obtained before discharging and a second output value which is an output value of the sensor
obtained after the discharging is larger than a threshold which is an amount of change of the
value related to the remaining amount of the power supply and attributable to the discharging,
and the threshold is set based on a degree of change of a voltage of the power supply in a case
where the voltage of the power supply belongs to a non-plateau region of a region which is
defined by a full charging voltage and a discharge cutoff voltage, or in a case where the
voltage of the power supply belongs to a region in which an amount of change of the voltage
of the power supply per unit discharge amount is largest, of a region which is defined by a full
charging voltage and a discharge cutoff voltage.

According to another aspect of the invention, there is provided a power supply unit for an

CA 3066129 2020-02-19



10

15

20

25

30

1b
aerosol inhaler, the power supply unit comprising: a power supply able to discharge power to
a load for generating an aerosol from an aerosol source; a control unit configured to control
the power supply; and a sensor configured to output a value related to a remaining amount of
the power supply, wherein the control unit detects a short circuit of the power supply in a case
where a difference between a first output value which is an output value of the sensor
obtained before discharging and a second output value which is an output value of the sensor
obtained after the discharging is larger than a threshold which is an amount of change of the
value related to the remaining amount of the power supply and attributable to the discharging,
and the control unit is configured to set or correct the threshold based on a state of
deterioration of the power supply or a voltage of the power supply.
According to another aspect of the invention, there is provided a power supply unit for an
aerosol inhaler, the power supply unit comprising: a power supply able to discharge power to
a load for generating an aerosol from an aerosol source; a switch configured to allow or shut
off supply of power from the power supply; a control unit configured to control the power
supply; and a sensor configured to output a voltage of the power supply, wherein the control

unit detects a short circuit of the power supply, based on a first output value which is an

- output value of the sensor obtained before discharging, and a second output value which is an

output value of the sensor obtained after the discharging, and the first output value and the
second output value are closed circuit voltages of the power supply which are obtained after a
predetermined period including 0 passes from when the control unit sends a closing
instruction to the switch.

According to another aspect of the invention, there is provided a power supply unit for an
aerosol inhaler, the power supply unit comprising: a power supply able to discharge power to
a load for generating an aerosol from an aerosol source; a control unit configured to control
the power supply; and a sensor configured to output a value related to a remaining amount of
the power supply, wherein the control unit detects a short circuit of the power supply, based
on a first output value which is an output value of the sensor obtained before discharging, and
a second output value which is an output value of the sensor obtained after the discharging,
and the control unit distinctively detects an internal short circuit of the power supply and an
external short circuit of the power supply, based on a difference between the first output value
and the second output value.

According to another aspect of the invention, there is provided a power supply unit for an

aerosol inhaler, the power supply unit comprising: a power supply able to discharge power to
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a load for generating an aerosol from an aerosol source; a control unit configured to control

the power supply; and a sensor configured to output a value related to a remaining amount of

the power supply, wherein the cdntrol unit detects a short circuit of the power supply, based

on a first output value which is an output value of the sensor obtained before discharging, and
5  asecond output value which is an output value of the sensor obtained after the discharging,

and the control unit does not detect the short circuit of the power supply in a case where an

interval between before the discharging and after the discharging exceeds a predetermined

period.

BRIEF DESCRIPTION OF DRAWINGS
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[0010] Fig. 1 is a perspective view of an aerosol inhaler equipped with a power supply unit
of an embodiment of the present invention.

Fig. 2 is another perspective view of the aerosol inhaler of Fig. 1.

Fig. 3 is a cross-sectional view of the aerosol inhaler of Fig, 1.

Fig. 4 is a perspective view of the power supply unit.

Fig. 5 is an electric circuit diagram of the aerosol inhaler.

Fig. 6 is a block diagram of the power supply unit.

Fig. 7 is a block diagram of a power supply state diagnosis unit.

Fig. 8A is a timing chart of an aerosol generation pattern of a first example.

Fig. 8B is a timing chart of an aerosol generation pattern of a second example.

Fig. 8C is a timing chart of an aerosol generation pattern of a third example.

Fig. 9 is a view illustrating a general battery discharge curve.

Fig. 10 is an electric circuit diagram simply illustrating the electric circuit diagram
of the aerosol inhaler of Fig. 5 when a switch is off.

Fig. 11 is an equivalent circuit diagram equivalent to the electric circuit of the
aerosol inhaler of Fig. 5 when the switch is on.

Fig. 12 is a graph illustrating the relation of open circuit voltage, closed circuit
voltage, and the remaining amount of a power supply.

Fig. 13 is an explanatory view for explaining the relation between the difference
between the open circuit voltage and the closed circuit voltage and internal resistance.

Fig. 14 is the flow chart of the control flow of short circuit diagnosis control of the
first example.

Fig. 15 is the timing chart of the short circuit diagnosis control of Fig. 14.

Fig. 16 is the flow chart of the control flow of short circuit diagnosis control of the
second example.

Fig. 17 is the timing chart of the short circuit diagnosis control of Fig. 16.
DESCRIPTION OF EMBODIMENTS
[0011]  Hereinafter, a power supply unit for an aerosol inhaler according to an embodiment
of the present invention will be described.  First of all, an aerosol inhaler equipped with the
power supply unit will be described with reference to Fig. 1 to Fig. 3.
[0012] (AEROSOL INHALER)

An aerosol inhaler 1 is a device for inhaling a flavor without combustion, and has a

rod shape extending along a certain direction (hereinafter, referred to as the longitudinal
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direction A). The aerosol inhaler 1 includes a power supply unit 10, a first cartridge 20, and
a second cartridge 30 which are arranged in the order along the longitudinal direction A.
The first cartridge 20 can be attached to and detached from the power supply unit 10, and the
second cartridge 30 can be attached to and detached from the first cartridge 20. In other
words, the first cartridge 20 and the second cartridge 30 can be individually replaced.
[0013] (POWER SUPPLY UNIT)

The power supply unit 10 of the present embodiment includes a power supply 12, a
charger 13, a control unit 50, various sensors, and so on in a cylindrical power supply unit
case 11, as shown in Fig. 3 and Fig. 4. The power supply 12 is a chargeable secondary
battery, an electric double-layer capacitor, or the like, and is preferably a lithium-ion battery.
[0014] On atop part 11a of the power supply unit case 11 positioned on one end side in the
longitudinal direction A (the first cartridge (20) side), a discharging terminal 41 is provided.
The discharging terminal 41 is provided so as to protrude from the top surface of the top part
11a toward the first cartridge 20, and is configured to be able to be electrically connected to a
load 21 of the first cartridge 20.

[0015]  Further, on a part of the top surface of the top part 11a in the vicinity of the
discharging terminal 41, an air supply part 42 for supplying air to the load 21 of the first
cartridge 20 is provided.

[0016] On abottom part 11b of the power supply unit case 11 positioned on the other end
side in the longitudinal direction (the opposite side to the first cartridge 20), a charging
terminal 43 able to be electrically connected to an external power supply 60 (see Fig. 5)
capable of charging the power supply 12 is provided. The charging terminal 43 is provided
on the side surface of the bottom part 11b, such that at least one of USB terminals, micro USB
terminals, and lightning terminals can be connected thereto.

[0017] However, the charging terminal 43 may be a power receiving part able to receive
power from the external power supply 60 in a non-contact manner. In this case, the charging
terminal 43 (the power receiving part) may be composed of a power receiving coil. The
wireless power transfer system may be an electromagnetic induction type, or may be a
magnetic resonance type. Also, the charging terminal 43 may be a power receiving part able
to receive power from the external power supply 60 without any contact point.  As another
example, the charging terminal 43 may be configured such that at least one of USB terminals,
micro USB terminals, and lightning terminals can be connected thereto and the above-

mentioned power receiving part is included therein.
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[0018] Also, on the side surface of the top part 11a of the power supply unit case 11, an
operation unit 14 which the user can operate is provided so as to face the opposite side to the
charging terminal 43. More specifically, the operation unit 14 and the charging terminal 43
are symmetric with respect to the point of intersection of a straight line connecting the
operation unit 14 and the charging terminal 43 and the center line L of the power supply unit
10 in the longitudinal direction A. The operation unit 14 is composed of a button type
switch, a touch panel, or the like, and is used to perform various processes such as a process
of activating and shutting off the control unit 50 and various sensors according to user's
intention to use. In the vicinity of the operation unit 14, the control unit 50 and an inhalation
sensor 15 for detecting a puff action are provided.
[0019] The charger 13 is disposed close to the charging terminal 43, and controls charging
power from the charging terminal 43 to be input to the power supply 12. The charger 13
includes a converter for converting direct current, which is applied from an inverter 61 or the
like (see Fig. 5) provided for converting alternating current into direct current on a charging
cable which is connected to the charging terminal 43, into direct current having a different
magnitude, a voltmeter, an ammeter, a processor, and so on.
[0020] The control unit 50 is connected to various sensor devices, such as the inhalation
sensor 15 for detecting a puff (inhaling) action, a voltage sensor 16 for measuring the voltage
of the power supply 12, and a temperature sensor 17, the operation unit 14, and a memory 18
for storing the number of puff actions, the time for which power has been applied to the load
21, and so on, as shown in Fig. 6, and performs a variety of control on the aerosol inhaler 1.
The inhalation sensor 15 may be configured with a capacitor microphone, a pressure sensor,
or the like. The control unit 50 is specifically a processor (a computer). More specifically,
the structure of this processor is an electric circuit configured by combining circuit elements
such as semiconductor elements. The details of the control unit 50 will be described below.
[0021]  Also, in the power supply unit case 11, an air intake (not shown in the drawings) for
taking in air is formed. The air intake may be formed around the operation unit 14, or may
be formed around the charging terminal 43.
[0022] (FIRST CARTRIDGE)

As shown in Fig. 3, the first cartridge 20 includes a reservoir 23 for storing an
aerosol source 22, the electric load 21 for atomizing the aerosol source 22, a wick 24 for
drawing the aerosol source from the reservoir 23 toward the load 21, an aerosol channel 25

for an aerosol generated by atomizing the aerosol source 22 to flow toward the second
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cartridge 30, an end cap 26 for storing a part of the second cartridge 30, inside a cylindrical
cartridge case 27.
[0023] The reservoir 23 is formed so as to surround the aerosol channel 25, and holds the
aerosol source 22. In the reservoir 23, a porous member such as a resin web or cotton may
be stored, and the porous member may be impregnated with the aerosol source 22. The
aerosol source 22 includes a liquid such as glycerin, propylene glycol, or water.
[0024] The wick 24 is a liquid holding member for drawing the aerosol source 22 toward
the load 21 using capillarity, and is configured with, for example, glass fiber, a porous
ceramic, or the like.
[0025] The load 21 atomizes the aerosol source 22 without combustion by power which is
supplied from the power supply 12 through the discharging terminal 41. The load 21 is
configured with a heating wire wound with a predetermined pitch (a coil). However, the
load 21 needs only to be an element capable of atomizing the aerosol source 22, thereby
generating an aerosol, and is, for example, a heating element or an ultrasonic wave generator.
Examples of the heating element include a heating resistor, a ceramic heater, an induction
heating type heater, and so on.
[0026] The aerosol channel 25 is provided on the downstream side of the load 21 on the
center line L of the power supply unit 10.
[0027]  The end cap 26 includes a cartridge storage part 26a for storing a part of the second
cartridge 30, and a connecting passage 26b for connecting the aerosol channel 25 and the
cartridge storage part 26a.
[0028] (SECOND CARTRIDGE)

The second cartridge 30 holds a flavor source 31. The end part of the second
cartridge 30 on the first cartridge (20) side is stored in the cartridge storage part 26a provided
in the end cap 26 of the first cartridge 20, so as to be able to be removed. The end part of the
second cartridge 30 on the opposite side to the first cartridge (20) side is configured as an
inhalation port 32 for the user. However, the inhalation port 32 does not necessarily need to
be configured integrally with the second cartridge 30 so as not to be separable from the
second cartridge, and may be configured to be able to be attached to and detached from the
second cartridge 30. If the inhalation port 32 is configured separately from the power supply
unit 10 and the first cartridge 20 as described above, it is possible to keep the inhalation port
32 sanitary.

[0029] The second cartridge 30 adds a flavor to the aerosol generated by atomizing the
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aerosol source 22 by the load 21, by passing the aerosol through the flavor source 31. Asa
raw material piece which constitutes the flavor source, a compact made by forming shredded
tobacco or a tobacco raw material into a grain shape can be used. The flavor source 31 may
be configured with a plant (such as mint or a herbal medicine, or a herb) other than tobacco.
To the flavor source 31, a flavoring agent such as menthol may be added.
[0030] The aerosol inhaler 1 of the present embodiment can generate an acrosol containing
the flavor by the aerosol source 22, the flavor source 31, and the load 21. In other words, the
aerosol source 22 and the flavor source 31 can be referred to as being an aerosol generation
source for generating an aerosol.
[0031] The configuration of the aerosol generation source which can be used in the aerosol
inhaler 1 is not limited to the configuration in which the aerosol source 22 and the flavor
source 31 are configured separately, and may be a configuration in which the aerosol source
22 and the flavor source 31 are formed integrally, a configuration in which the flavor source
31 is omitted and the aerosol source 22 contains a substance which can be contained in the
flavor source 31, a configuration in which the aerosol source 22 contains a medical substance
or the like instead of the flavor source 31, or the like.
[0032] In the aerosol inhaler 1 configured as described above, as shown by an arrow B in
Fig. 3, air entering from the intake (not shown in the drawings) formed in the power supply
unit case 11 passes through the air supply part 42, and passes near the load 21 of the first
cartridge 20. The load 21 atomizes the aerosol source 22 drawn from the reservoir 23 by the
wick 24. The aerosol generated by atomizing flows through the aerosol channel 25 together
with the air entering from the intake, and is supplied to the second cartridge 30 through the
connecting passage 26b. The aerosol supplied to the second cartridge 30 passes through the
flavor source 31, whereby the flavor is added, and is supplied to the inhalation port 32.
[0033] Also, in the aerosol inhaler 1, a notifying unit 45 for notifying a variety of
information is provided (see Fig. 6). The notifying unit 45 may be configured with a light
emitting element, or may be configured with a vibrating element, or may be configured with a
sound output element.  Alternatively, the notifying unit 45 may be a combination of two or
more elements of light emitting elements, vibrating elements, and sound output elements.
The notifying unit 45 may be provided in any one of the power supply unit 10, the first
cartridge 20, and the second cartridge 30; however, it is preferable that the notifying unit be
provided in the power supply unit 10. For example, the area around the operation unit 14 is

configured to have translucency to permit light which is emitted by a light emitting element
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[0034] (ELECTRIC CIRCUIT)

Now, the electric circuit of the power supply unit 10 will be described with
reference to Fig. 5

The power supply unit 10 includes the power supply 12, a positive electrode side
discharging terminal 41a and a negative electrode side discharging terminal 41b which
constitute the discharging terminal 41, a positive electrode side charging terminal 43a and a
negative electrode side charging terminal 43b which constitute the charging terminal 43, the
control unit 50 which is connected between the positive electrode side of the power supply 12
and the positive electrode side discharging terminal 41a and between the negative electrode
side of the power supply 12 and the negative electrode side discharging terminal 41b, the
voltage sensor 16 which measures the voltage of the power supply 12, the charger 13 which is
disposed on the power transmission path between the charging terminal 43 and the power
supply 12, and a switch 19 which is disposed on the power transmission path between the
power supply 12 and the discharging terminal 41. The switch 19 is configured with, for
example, a MOSFET, and is opened and closed by control of the control unit 50 on the gate
voltage. The control unit 50 can determine that the external power supply 60 is connected to
the charging terminal 43, for example, based on a variation in small current flowing in the
control unit 50.
[0035] In the electric circuit diagram of the power supply unit 10 shown in Fig. 5, the
control unit 50 and the voltage sensor 16 are separate parts. Alternatively, the control unit
50 may have the function of measuring the voltage of the power supply 12. Also, in the
electric circuit of the power supply unit 10 shown in Fig. 5, the switch 19 is provided between
the positive electrode side of the power supply 12 and the positive electrode side discharging
terminal 41a. Instead of this so-called plus control type, the switch 19 may be a minus
control type which is provided between the negative electrode side discharging terminal 41b
and the negative electrode side of the power supply 12.
[0036] (CONTROL UNIT)

Now, the configuration of the control unit 50 will be described in more detail.

As shown in Fig. 6, the control unit 50 includes an aerosol generation request
detecting unit 51, a power supply state diagnosis unit 52, a power control unit 53, and a
notification control unit 54.

[0037] The aerosol generation request detecting unit 51 detects a request for aerosol
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generation based on the output result of the inhalation sensor 15.  The inhalation sensor 15 is
configured to output the value of a variation in the pressure in the power supply unit 10
caused by inhalation of the user through the inhalation port 32. The inhalation sensor 15 is,
for example, a pressure sensor for outputting an output value (for example, a voltage value or
a current value) according to atmospheric pressure which varies according to the flow of air
which is sucked from the intake (not shown in the drawings) toward the inhalation port 32
(i.e. a puff action of the user).
[0038] Asshown in Fig. 7, the power supply state diagnosis unit 52 includes a power-
supply voltage acquiring unit 55 for acquiring the voltage of the power supply 12 from the
voltage sensor 16, a deterioration estimating unit 56 for estimating the state of health of the
power supply 12, a threshold setting unit 57 for setting a threshold TH for determining a short
circuit of the power supply 12, and a short-circuit detection unit 58 for detecting a short
circuit of the power supply 12. The deterioration estimating unit 56 estimates the state of
health of the power supply 12 based on the cumulative discharge amount of the power supply
12, the cumulative charging amount of the power supply 12, at least one of the replacement
frequencies of the first cartridge 20 and the second cartridge 30, the internal resistance of the
power supply 12, or the like. A threshold setting method of the threshold setting unit 57 and
short circuit diagnosis control of the short-circuit detection unit 58 will be described below.
[0039]  Also, the power supply state diagnosis unit 52 can acquire the amount of power
stored in the power supply 12, from the voltage of the power supply 12.
[0040]  The notification control unit 54 controls the notifying unit 45 such that the notifying
unit notifies a variety of information. For example, the notification control unit 54 may
control the notifying unit 45 such that the notifying unit notifies a short-circuited state, based
on diagnosis of the power supply state diagnosis unit 52 on a short circuit of the power supply
12, or may control the notifying unit 45 such that the notifying unit notifies the timing to
charge the power supply 12, based on diagnosis of the power supply state diagnosis unit 52 on
the amount of charge stored in the power supply 12. Alternatively, the notification control
unit 54 may control the notifying unit 45 in response to detection of a timing to replace the
second cartridge 30, such that the notifying unit notifies the timing to replace the second
cartridge 30. The notification control unit 54 can notify the timing to replace the second
cartridge 30, based on the number of puff actions and the cumulative time for which power
has been supplied to the load 21, stored in the memory 18.
[0041]  The power control unit 53 controls discharging of the power supply 12 through the
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discharging terminal 41 by switching on and off the switch 19 if the aerosol generation
request detecting unit 51 detects the request for aerosol generation.
[0042] The power control unit 53 performs control such that the amount of aerosol which is
generated by atomizing the aerosol source by the load 21 falls in a desired range, i.e. such that
the amount of power or the power which is supplied from the power supply 12 to the load 21
falls in a predetermined range. Specifically, the power control unit 53 controls switching on
and off of the switch 19 by, for example, PWM (Pulse Width Modulation) control.
Alternatively, the power control unit 53 may control switching on and off of the switch 19 by
PFM (Pulse Frequency Modulation) control.
[0043] The power control unit 53 may stop supply of power from the power supply 12 to
the load 21, such that supply of power to the load 21 does not exceed a predetermined period
during one puff action. In other words, even while the user is actually performing a puff
action, if the puff period exceeds a certain period (hereinafter, referred to as the maximum
power supply time), the power control unit 53 stops supply of power from the power supply
12 to the load 21.  The maximum power supply time is determined to suppress variation in
user's puff period. The maximum power supply time is determined such that the amount of
aerosol which is generated during one puff action falls in a desired range. The power control
unit 53 controls the on/off duty ratio of the switch 19 for one puff action, according to the
amount of power stored in the power supply 12. For example, the power control unit 53
controls the interval between ON periods in which power is supplied from the power supply
12 to the load 21 (see the pulse interval T1 in Fig. 15 and Fig. 17) and controls the length of
each ON period in which power is supplied from the power supply 12 to the load 21 (see the
pulse width T2 in Fig. 15 and Fig. 17).  Also, the interval between ON periods corresponds
to the length of an OFF period.
[0044]  Also, the power control unit 53 detects an electric connection between the charging
terminal 43 and the external power supply 60, and controls charging of the power supply 12
through the charging terminal 43,
[0045] Here, in the power supply 12 which is used in the aerosol inhaler 1, an internal short
circuit meaning a short circuit which occurs in the power supply 12 or an external short circuit
meaning a short circuit which occurs outside the power supply 12 may occur. If a short
circuit occurs, even in a period in which the power supply should be usable, the amount of
charge stored in the power supply 12 may become insufficient, or in some cases, the power

supply may become unusable. For this reason, it is required to appropriately grasp a short-
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circuited state of the power supply 12.
[0046] (SHORT CIRCUIT DIAGNOSIS CONTROL)

Therefore, the power supply state diagnosis unit 52 detects a short circuit of the
power supply 12 by short circuit diagnosis control to be described below. Some types of
short circuit diagnosis control to be described below may be configured as programs which
can execute them, and be read into the power supply unit 10, and be executed by the power
supply unit 10.

[0047] The short-circuit detection unit 58 of the power supply state diagnosis unit 52
detects a short circuit of the power supply 12 based on the voltage of the power supply 12
which is the output value of the voltage sensor 16.  Specifically, the short-circuit detection
unit 58 of the power supply state diagnosis unit 52 detects a short circuit of the power supply
12 from a voltage drop of the power supply 12 which occurs during discharging, based on the
voltage of the power supply 12 before discharging (hereinafter, referred to as the pre-
discharging voltage) and the voltage of the power supply 12 after discharging (hereinafter,
referred to as the post-discharging voltage). Discharging for short circuit detection may be
discharging from the power supply 12 to the load 21 for atomizing the aerosol source 22, or
may be discharging to an element different from the load 21, for example, a light emitting
element, a sound output element, a vibrating element, or the like constituting the notifying
unit 45. In the following description, discharging from the power supply 12 to the load 21
will be described as an example.

[0048] The short-circuit detection unit 58 of the power supply state diagnosis unit 52
compares the difference between the pre-discharging voltage and the post-discharging voltage
with the threshold TH set by the threshold setting unit 57, and detects a short circuit of the
power supply 12 in the case where the difference between the pre-discharging voltage and the
post-discharging voltage is larger than the threshold TH. Here, the threshold TH is set based
on the amount of change in the voltage of the power supply 12 which is caused by
discharging. When a short circuit has not occurred in the power supply 12, the difference
between the pre-discharging voltage and the post-discharging voltage becomes equal to or
smaller than the threshold TH which is set based on the voltage of the power supply 12
according to discharging. However, in the case where a short circuit occurs in the power
supply 12, the difference between the pre-discharging voltage and the post-discharging
voltage becomes larger, so the difference between the pre-discharging voltage and the post-

discharging voltage becomes larger than the threshold TH. Therefore, the short-circuit
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detection unit 58 can detect a short circuit of the power supply 12 when the difference
between the pre-discharging voltage and the post-discharging voltage is larger than the
threshold TH.
[0049] Now, the method of setting the threshold TH which is performed by the threshold
setting unit 57 will be described.

In order to set the threshold TH which is the amount of change in the voltage of the
power supply 12 attributable to discharging, the amount of power during discharging may be
estimated, and the voltage drop may be acquired from the amount of power estimated.

[0050] For example, the actual value of the amount of power which is supplied during one
puff action in the case where the power control unit 53 provides power in response to the
aerosol generation request may be used as the amount of power, and from this amount of
power, the voltage drop may be acquired.

[0051]  The case shown in Fig. 8 A where the power control unit 53 supplies power in
response to the aerosol generation request will be described. In the case of performing
constant power control for controlling the electric circuit such that power per unit time which
is supplied to the load 21 becomes constant, or such that variation in power per unit time
which is supplied to the load 21 is suppressed, the amount of power discharged is calculated
based on the time for which discharging has been performed, by multiplying a power value
during the constant power control by the time for which discharging has been performed.
Then, from the amount of power calculated, the voltage drop may be acquired. The amount
of discharged power may be obtained by multiplying the sum of times when the switch 19 has
been on by the controlled power value. Alternatively, the amount of discharged power may
be obtained by multiplying the time from when the switch 19 was turned on for the first time
in response to the aerosol generation request to when the switch 19 is turned off lastly by the
average value or effective value of power supplied for that time.

[0052] Now, the case shown in Fig. 8B where the power control unit 53 supplies power in
response to the acrosol generation request will be described. In the case of performing the
above-described constant power control, in order to control the electric circuit such that the
time when discharging is performed does not exceed the maximum power supply time, on the
assumption that constant power has been discharged only for the maximum power supply
time, the amount of discharged power is calculated by multiplying the value of power
supplied during constant power control by the maximum power supply time. Then, from the

amount of power calculated, the voltage drop may be acquired. As the value of power which
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is supplied during the maximum power supply time, the average value or effective value of
power which is supplied after the switch 19 is turned on for the first time until the switch 19 is
turned off lastly may be used.
[0053] Now, the case shown in Fig. 8C where the power control unit 53 supplies power in
response to the aerosol generation request will be described. In the case of controlling the
electric circuit such that the time when discharging is performed does not exceed the
maximum power supply time, without performing the above-described constant power
control, on the assumption that the maximum power which can be supplied to the load 21 has
been discharged to the load 21 only for the maximum power supply time, the amount of
discharged power is calculated by multiplying the maximum power by the maximum power
supply time. Then, from the amount of power calculated, the voltage drop may be acquired.
The maximum power may be power in the case where the maximum power (for example, the
full charging voltage) which the power supply 12 can apply to the load 21 has been applied.
[0054] The threshold setting unit 57 sets a threshold TH based on the voltage drop obtained
in the above-described way. The threshold setting unit 57 may correct a predetermined
threshold TH based on the voltage drop obtained in the above-described way, instead of
setting a threshold TH based on the voltage drop.
[0055] The embodiments shown in Fig. 8A, Fig. 8B, and Fig. 8C are different in the
method of setting or correcting the threshold TH as compared. In the embodiment shown in
Fig. 8A, in order to set or correct the threshold TH, it is required to acquire the time for which
discharging has been performed, and perform the constant power control. In the
embodiment shown in Fig. 8B, in order to set or correct the threshold TH, it is required to
perform the constant power control. In the embodiment shown in Fig. 8C, not only
acquisition of the time for which discharging has been performed but also the constant power
control is required.  As described above, in the embodiment shown in Fig. 8A, based on the
accurate actual value of the amount of power which is supplied during one puff action, the
threshold TH is set or corrected. Therefore, the accuracy of short circuit diagnosis improves.
Meanwhile, in the embodiment shown in Fig. 8C, any special processing is not required for
setting or correcting the threshold TH. Therefore, it is possible to easily perform short
circuit diagnosis.
[0056] Inthe embodiments shown in Fig. 8A and Fig. 8B, the voltage is applied to the load
21 only when the switch 19 is on. Here, it should be noted that in the electric circuit shown

in Fig. 5, if a smoothing capacitor having a sufficient size is connected in parallel with the
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power supply 12 between the switch 19 and the positive electrode side discharging terminal
41a, even when the switch 19 is off, the voltage is applied to the load 21. It will be
understood that, in this case, in calculating the amount of discharged power, it is especially
effective to use the time from when the switch 19 is turned on for the first time in response to
the aerosol generation request to when the switch 19 is turned off lastly, and the average value
or effective value of power which is supplied for that time.
[0057]  Now, discharge performance of the power supply 12 will be described.
[0058] Fig. 9 is a general battery discharge curve obtained by taking voltage (V) on the
vertical axis and the cumulative discharge amount (W+H) on the horizontal axis. As shown
in Fig. 9, of a region in which the voltage of the power supply 12 is divided by the full
charging voltage and the discharge cutoff voltage, in a region P1 in which the cumulative
discharge amount is small and a region P3 in which the cumulative discharge amount is large
(hereinafter, this regions P1 and P3 will be referred to as the non-plateau regions P1 and P3),
the amount of change of the voltage of the power supply 12 per unit discharge amount (the
degree of change) becomes large. Meanwhile, in a region P2 between the region P1 in
which the cumulative discharge amount is small and the region P3 in which the cumulative
discharge amount is large (hereinafter, this region P2 will be referred to as the plateau region),
the amount of change of the voltage of the power supply 12 per unit discharge amount (the
degree of change) becomes small.
[0059]  Therefore, in setting the threshold TH based on the voltage drop, it is required to
consider the discharge characteristic of the power supply 12. In other words, in the non-
plateau regions P1 and P3, the voltage drops relative to an amount of power AWh are AV1
and AV3, respectively; whereas in the plateau region P2, the voltage drop relative to the
amount of power AWh is AV2 significantly smaller than Al and A3.
[0060]  Therefore, if the threshold TH is always set based on the voltage drop A2 relative to
the amount of power AWh which is caused by discharging, even though the voltage of the
power supply 12 changes, a short circuit of the power supply 12 may be erroneously detected
even though a short circuit of the power supply 12 has not occurred. Therefore, it is
desirable for the threshold setting unit 57 to set the threshold TH based on the degree of
change of the voltage of the power supply 12 which is obtained in the case where the voltage
of the power supply 12 belongs to the non-plateau regions P1 and P3 of the region which is
defined by the full charging voltage and the discharge cutoff voltage, and it is more desirable
to set the threshold based on the degree of change of the voltage of the power supply 12
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which is obtained in the case where the voltage of the power supply 12 belongs to the region
in which the amount of change of the voltage of the power supply 12 per unit discharge
amount is largest (for example, the non-plateau region P1), of the region which is divided by
the full charging voltage and the discharge cutoff voltage. In the case of setting the
threshold TH in the above-described way, it is unnecessary to change the threshold TH
according to the voltage of the power supply 12, and it is possible to prevent erroneous
detection.
[0061]  Also, the threshold setting unit 57 may set or correct the threshold TH according to
the voltage of the power supply 12. In this case, although calculation of the threshold TH
becomes complicated, it becomes possible to set a more appropriate threshold TH.  Further,
since the voltage drop relative to the amount of power AWh changes according to the state of
health of the power supply 12, the threshold setting unit 57 may set or correct the threshold
TH according to the state of health of the power supply 12. In this case, it is possible to set
an optimal threshold TH according to the state of the power supply 12, and the accuracy of
short circuit detection improves.
[0062]  With reference to Fig. 7 and Fig. 9, setting of an optimal threshold TH will be
described in detail. The discharge curve shown in Fig. 9 and described above changes
according to the state of health of the power supply 12. Therefore, discharge curves
according to the states of health are stored in the threshold setting unit 57 in advance. The
threshold setting unit 57 selects an optimal discharge curve based on the state of health which
is inputted from the deterioration estimating unit 56. Also, the threshold setting unit 57
needs only to set the actual value of the amount of power which is supplied during one puff
action, a voltage drop, and a threshold TH, based on the power-supply voltage and the optimal
discharge curve which are inputted from the power-supply voltage acquiring unit 55.
[0063] As described above, the short-circuit detection unit 58 of the power supply state
diagnosis unit 52 detects a short circuit of the power supply 12 based on the voltage of the
power supply 12 which is the output value of the voltage sensor 16, and the voltage of the
power supply 12 may be open circuit voltage OCV, or may be closed circuit voltage CCV.
Here, the open circuit voltage OCV and closed circuit voltage CCV of the power supply 12
will be described taking as an example the case where the power supply 12 is a lithium-ion
battery.
[0064] Fig. 10 is a view simply illustrating the electric circuit diagram of the aerosol

inhaler 1 of Fig. 5 when the switch 19 is off. The measurement value of the voltage sensor
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16 when the switch 19 is off, i.e. the open circuit voltage OCV is equal to the electromotive
force Epau of the power supply 12.
[0065] Fig. 11 is a view illustrating a circuit equivalent to the electrical circuit of the
aerosol inhaler 1 of Fig. 5 when the switch 19 is on (when the electric circuit constitutes a
closed circuit). A reference symbol "Cgax" represents a capacitor having the same
electromotive force as that of the power supply 12, and a reference symbol "Rimp" represents
the inter-electrode internal resistance between the electrodes which is applied to lithium ions
when the lithium ions move between the electrodes, and a reference symbol "CepL" represents
a capacitor showing electric double-layer capacitance at the electrode interfaces, and a
reference symbol "RepL" represents reaction resistance when lithium ions move in the
interfaces between the electrodes and the electrolytic solution. The reaction resistance RepL
and the electric double-layer capacitor CepL are provided in parallel on the downstream side
of the capacitor Cpar and the inter-electrode internal resistance Rimp, whereby the inter-
electrode internal resistance Rimp constitutes a direct current (DC) component, and the
reaction resistance Repr. constitutes a primary delay (AC) component.
[0066] The measurement value of the voltage sensor 16 when the switch 19 is on, i.e. the
closed circuit voltage CCV is the value obtained by subtracting a loss caused by the inter-
electrode internal resistance Rimp and a loss caused by the reaction resistance RepL from the
electromotive force of the power supply 12.
[0067] Therefore, as shown in Fig. 12, with respect to the same remaining amount of the
power supply 12, the relation in which the open circuit voltage OCV is larger than the closed
circuit voltage CCV is established. Fig. 12 shows the relation between the open circuit
voltage OCV and the closed circuit voltage CCV according to discharging of a lithium-ion
secondary battery using spinel-type Li1+xC0204 as its positive-electrode active material,
disclosed in LITHIUM COBALT SPINEL OXIDE: A STRUCTURAL AND
ELECTROCHEMICAL STUDY (ERIKA MEZA et al, J. Chil. Chem. Soc, 53, No 2 (2008),
pages: 1494-1497). The vertical axis represents the voltage values of the open circuit
voltage OCV and the closed circuit voltage CCV, and as it goes upward, the voltage values
increase. The horizontal axis represents the amount of lithium in the positive-electrode
active material, and as it goes more to the right, the amount increases. In other words, as it
goes more to the right, the remaining power storage capacity decreases, and the integrated
value of discharged power increases.

[0068] The temporal change of the closed circuit voltage CCV in the equivalent circuit
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shown in Fig. 11 can be expressed as the following Expression (1) and Expression (2).

CCV(t) = EBatt - I(t) M Rtmp. - I(t) * REDL * {1 — exp (— m)} ( 1 )

l(t) = EBatt (2)

Rimp. + Ravw.* {1 = €xp (~ g—g—)} + Rioaa

In Expression (2), Ricad represents the electric resistance value of the load 21.

[0069] Immediately after the switch 19 is turned on, the reaction resistance RepL which is
the primary delay component is negligible. In other words, immediately after the switch 19
is turned on, i.e. when t is 0, the difference between the open circuit voltage OCV and the
closed circuit voltage CCV depends on the voltage drop which is caused by the inter-electrode
internal resistance Rimp.
[0070] This can be expressed as Expression (3) from Expression (1) and Expression (2).

ocv -I—(g)(.'V(O) = Rimp.  (3)
[0071] Meanwhile, in the case where t is sufficiently larger than the product of primary
delay component mitigation times (time constants) RepL and Cepr shown in Expression (1)
and Expression (2), the difference between the open circuit voltage OCV and the closed
circuit voltage CCV is attributable to the sum of the voltage drop caused by the inter-electrode
internal resistance Rimp and the voltage drop caused by the reaction resistance RgpL.

[0072]  This can be expressed as Expression (4) from Expression (1) and Expression (2).

0CV ~ CCV(¢)

1) = Rimp. +Rgp, (4)

[0073] By the way, in general, RepL and Cepy are sufficiently small values. Therefore, it
should be noted that the relation of Expression (4) is (approximately) established at a
relatively early timing after the switch 19 is closed.

[0074] In the case of using closed circuit voltage CCV, the closed circuit voltage may be an
output value which is obtained when a sufficient time passes (t = t1) after the circuit is closed,
or may be an output value which is obtained before the sufficient time passes (t < t1) after the
circuit is closed. The time t1 is set based on the time constant (the product of Repy, and
CepL) in the case where change of the closed circuit voltage CCV is considered in a primary
delay system. By the way, as described above, the closed circuit voltage CCV changes

according to the elapsed time after the circuit is closed due to the reaction resistance RepL
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which is a primary delay (AC) component. Therefore, as for the pre-discharging voltage and
the post-discharging voltage, it is required to match the timings to acquire them after a
predetermined period including 0 passes from when a closing instruction is sent to the switch
19.
[0075] If the timings are not matched, the reaction resistances of the pre-discharging
voltage and the post-discharging voltage are different. Therefore, this reaction resistance
difference is mixed as noise in the difference between the pre-discharging voltage and the
post-discharging voltage, so the accuracy of short circuit diagnosis decreases. By using the
output value which is obtained before the sufficient time passes after the circuit is closed, as
the closed circuit voltage CCV, it is possible to acquire the closed circuit voltage CCV earlier.
Meanwhile, by using the output value which is obtained when the sufficient time passes after
the circuit is closed, as the closed circuit voltage CCV, it is possible to more accurately
acquire the closed circuit voltage CCV.
[0076] Also, when acquiring the closed circuit voltage CCV, the power supply state
diagnosis unit 52 may acquire the closed circuit voltage CCV using current smaller than the
current when power is discharged to the load 21 in order to generate an aerosol. By
acquiring the closed circuit voltage CCV using small current, it is possible to restrain an
aerosol from being generated during acquisition of the closed circuit voltage CCV.
[0077] Now, the control flow of the short circuit diagnosis control which is performed by
the short-circuit detection unit 58 will be described.

First of all, the control flow of short circuit diagnosis control of a first example will
be described with reference to Fig. 14 and Fig. 15. The short circuit diagnosis control of the
first example is the case of using the open circuit voltage OCV as the voltage of the power
supply 12.

[0078] First, the aerosol generation request detecting unit 51 detects the aerosol generation
request based on the output result of the inhalation sensor 15 (STEP S11). By acquiring a
short circuit state of the power supply 12 in response to a request for aerosol generation from
a user, it is possible to make the user recognize the short circuit determination result. In the
case where the aerosol generation request detecting unit 51 has detected the request for
aerosol generation (“Yes” in STEP S11), the power-supply voltage acquiring unit 55 acquires
the open circuit voltage OCV (STEP S12); whereas in the case where the aerosol generation
request detecting unit 51 has not detected the request for aerosol generation (“No” in STEP
S11), the process of STEP S11 is repeated.
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[0079]  After acquiring the open circuit voltage OCV in STEP S12, the power-supply
voltage acquiring unit 55 acquires the previous open circuit voltage OCV (STEP S13). The
previous open circuit voltage OCV can be acquired from the memory 18 retaining the
previous open circuit voltage acquired in advance before the previous aerosol generation.
Also, the order of STEP S12 and STEP S13 may be reversed. Subsequently, the threshold
setting unit 57 sets a threshold TH (STEP S14). This threshold TH is set based on the
amount of change of the voltage of the power supply 12 attributable to discharging performed
after the acquisition of the previous open circuit voltage OCV, i.e. a voltage drop, and as
described above, the threshold setting unit 57 may set or correct a threshold TH based on the
voltage of the power supply 12, the state of deterioration of the power supply 12, and the like.
[0080] Subsequently, the short-circuit detection unit 58 compares the threshold TH set by
the threshold setting unit 57 with the difference between the acquired previous open circuit
voltage OCV and the acquired current open circuit voltage OCV, thereby determining whether
the difference between the previous open circuit voltage OCV and the current open circuit
voltage OCV is equal to or smaller than the threshold TH, or not (STEP S15). In the case
where it is determined as the result that the difference between the previous open circuit
voltage OCV and the current open circuit voltage OCV is equal to or smaller than the
threshold TH (“Yes” in STEP S15), the short-circuit detection unit 58 determines that the
power supply 12 is normal, i.e. a short circuit has not occurred (STEP S16), and the power
control unit 53 performs PWM control for aerosol generation (STEP S17). Meanwhile, in
the case where it is determined in STEP S15 that the difference between the previous open
circuit voltage OCV and the current open circuit voltage OCV is larger than the threshold TH
(“No” in STEP S15), the notification control unit 54 notifies the user that a short circuit has
occurred (STEP S18).
[0081]  The short-circuit detection unit 58 may detect whether a short circuit is an internal
short circuit or an external short circuit, i.e. it may distinctively detect the type of a short
circuit, in the case where a short circuit has occurred, in addition to whether a short circuit of
the power supply 12 has occurred. In general, internal short circuits cause larger voltage
drops as compared to external short circuits. In other words, the difference between the
previous open circuit voltage OCV and the current open circuit voltage OCV during an
internal short circuit is larger than the difference between the previous open circuit voltage
OCY and the current open circuit voltage OCV during an external short circuit. Therefore,

in STEP S15, the short-circuit detection unit 58 determines that the short circuit is an internal
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short circuit, in the case where the difference between the threshold TH and the difference
between the previous open circuit voltage OCV and the current open circuit voltage OCV is
large, and determines that the short circuit is an external short circuit, in the case where the
difference between the threshold TH and the difference between the previous open circuit
voltage OCV and the current open circuit voltage OCV is small.
[0082]  Since the short-circuit detection unit 58 distinctively detects internal short circuits
and external short circuits, the notification control unit 54 can notify the user that it is
required to replace the power supply 12, if an internal short circuit occurs, and can notify the
user that it is required to charge the power supply 12, if an external short circuit occurs.
Therefore, it is possible to urge the user to take appropriate actions depending on short
circuits.
[0083] Now, the control flow of short circuit diagnosis control of a second example will be
described with reference to Fig. 16 and Fig. 17. The short circuit diagnosis control of the
second example is the case of using the closed circuit voltage CCV as the voltage of the
power supply 12. By the way, steps identical to those in the control flow of the short circuit
diagnosis control of the first example will be described in brief or will not be described, and
different steps will be described in detail.
[0084]  First, the aerosol generation request detecting unit 51 detects the aerosol generation
request based on the output result of the inhalation sensor 15 (STEP S11). In the case where
the aerosol generation request detecting unit 51 has detected the request for aerosol generation
(“Yes” in STEP S11), the power-supply voltage acquiring unit 55 acquires the closed circuit
voltage CCV (STEP S22); whereas in the case where the aerosol generation request detecting
unit 51 has not detected the request for aerosol generation (“No” in STEP S11), the process of
STEP S11 is repeated.
[0085]  After acquiring the closed circuit voltage CCV in STEP S12, the power-supply
voltage acquiring unit 55 acquires the previous closed circuit voltage CCV (STEP S23). The
closed circuit voltage CCV can be acquired from the memory 18 retaining the previous closed
circuit voltage acquired in advance before the previous aerosol generation or immediately
after the start of the previous aerosol generation. In the case of using the closed circuit
voltage CCV in the short circuit diagnosis control, as described above, as for the pre-
discharging voltage and the post-discharging voltage, it is required to match the timings to
acquire them after a predetermined period including 0 passes from when the closing

instruction is sent to the switch 19.  Subsequently, the threshold setting unit 57 sets a
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threshold TH (STEP S24). This threshold TH is set based on the amount of change of the
voltage of the power supply 12 attributable to discharging performed after the acquisition of
the previous closed circuit voltage CCV, i.e. a voltage drop, and as described above, the
threshold setting unit 57 may set or correct a threshold TH based on the voltage of the power
supply 12, the state of deterioration of the power supply 12, and the like.
[0086] Subsequently, the short-circuit detection unit 58 compares the threshold TH set by
the threshold setting unit 57 with the difference between the acquired previous closed circuit
voltage CCV and the acquired current closed circuit voltage CCV, thereby determining
whether the difference between the previous closed circuit voltage CCV and the current
closed circuit voltage CCV is equal to or smaller than the threshold TH, or not (STEP S25).
In the case where it is determined as the result that the difference between the previous closed
circuit voltage CCV and the current closed circuit voltage CCV is equal to or smaller than the
threshold TH (“Yes™ in STEP S25), the short-circuit detection unit 58 determines that the
power supply 12 is normal, i.e. a short circuit has not occurred (STEP S16), and the power
control unit 53 performs PWM control for acrosol generation (STEP S17). Meanwhile, in
the case where it is determined in STEP S25 that the difference between the previous closed
circuit voltage CCV and the current closed circuit voltage CCV is larger than the threshold
TH (“No” in STEP S25), the notification control unit 54 notifies the user that a short circuit
has occurred (STEP S18).
[0087] By the way, in STEP S13 of the short circuit diagnosis control of the first example
and STEP S23 of the short circuit diagnosis control of the second example, when the power-
supply voltage acquiring unit 55 acquires the previous open circuit voltage OCYV, if the
interval between before the discharging and after the discharging exceeds a predetermined
time, control may be performed such that detection on a short circuit of the power supply 12
is not performed. The interval between before the discharging and after the discharging may
be measured by a timer.  Also, programming may be performed such that after the
predetermined time passes, the previous open circuit voltage is automatically deleted from the
memory 18. In this case, if the interval between before the discharging and after the
discharging becomes a long time, detection on a short circuit of the power supply 12 is not
performed. Therefore, it is possible to prevent erroneous detection of a short circuit
attributable to natural discharge or the like.
[0088] By the way, in the short circuit diagnosis process of the first example shown in Fig.

14 and the short circuit diagnosis process of the second example shown in Fig. 16, the
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previous open circuit voltage OCV or the previous closed circuit voltage CCV is acquired
after the aerosol generation request is detected, not after the previous aerosol generation.
Immediately after aerosol generation, since the temperature of the power supply 12 rises due
to discharging, the current open circuit voltage OCV or the current closed circuit voltage CCV
may be influenced. Meanwhile, in the timing when the aerosol generation request is
detected, the temperature of the power supply 12 is likely to be around the room temperature.
Therefore, like in the short circuit diagnosis process of the first example or the short circuit
diagnosis process of the second example, by making the conditions for acquiring the voltage
as similar as possible, it is possible to improve the accuracy of the short circuit diagnosis
process.
[0089] However, the present invention is not limited to the above-described embodiment,
and modifications, improvements, etc. can be made properly.
[0090] In this specification, at least the following inventions (1) to (20) are disclosed.
Moreover, although the corresponding constituent elements and the like in the embodiments
described above are shown in parentheses, it is not limited thereto.
[0091] (1) A power supply unit (the power supply unit 10) for an aerosol inhaler (the
aerosol inhaler 1), the power supply unit comprising:

a power supply (the power supply 12) able to discharge power to a load (the load
21) for generating an aerosol from an aerosol source (the aerosol source 22);

a control unit (the control unit 50) configured to control the power supply; and

a sensor (the voltage sensor 16) configured to output a value related to a remaining
amount of the power supply, wherein

the control unit detects a short circuit of the power supply based on an output value
of the sensor.
[0092]  According to (1), the control unit detects a short circuit of the power supply based
on the output value (voltage) of the sensor. Therefore, it is possible to determine whether the
power supply is normal or not. However, the output value of the sensor is not limited to the
voltage of the power supply, and needs only to be a value (voltage-related value) from which
it is possible to derive the voltage of the power supply.
[0093] (2) The power supply unit according to (1), wherein

the control unit detects the short circuit, based on a first output value (the pre-
discharging voltage) which is an output value of the sensor obtained before discharging, and a

second output value (the post-discharging voltage) which is an output value of the sensor

CA 3066129 2019-12-23



10

15

20

25

30

22

obtained after the discharging.
[0094]  According to (2), the short circuit is detected based on the first output value and the
second output value obtained before and after the discharging. Therefore, it is possible to
perform short circuit detection at an appropriate timing, i.e. after a load is applied to the
power supply.
[0095]  (3) The power supply unit according to (2), wherein

the discharging is discharging to another load different from the load.
[0096] According to (3), the short circuit is detected based on the first output value and the
second output value obtained before and after discharging to another load less than to
discharging to the load for generating an aerosol. Therefore, it is possible to suppress
damage to the power supply during occurrence of a short circuit.
[0097] (4) The power supply unit according to (3), wherein

the discharging is discharging to the load.
[0098] According to (4), the short circuit is detected based on the first output value and the
second output value obtained before and after discharging to the load. Therefore, it is
possible to perform short circuit detection at an appropriate timing, i.e. after discharging when
the largest load is applied to the power supply.
[0099] (5) The power supply unit according to any one of (2) to (4), wherein

the contro! unit detects the short circuit in a case where a difference between the
first output value and the second output value is larger than a threshold (the threshold TH)
which is an amount of change of the value related to the remaining amount of the power
supply and attributable to the discharging,
[0100] According to (5), if a short circuit has not occurred in the power supply, the
difference between the first output value and the second output value becomes equal to or
smaller than a threshold which is set based on the amount of change of the value related to the
remaining amount of the power supply and attributable to discharging. However, in the case
where a short circuit has occurred in the power supply, since the difference between the first
output value and the second output value becomes large, the difference between the first
output value and the second output value becomes larger than the threshold. Therefore, it is
possible to detect the short circuit of the power supply.
[0101] (6) The power supply unit according to (2) or (4), wherein

the power supply unit includes at least a part of a circuit configured to electrically

connect the power supply and the load, and
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during the discharging, the control unit controls the circuit such that power per unit
time which is supplied to the load is constant or variation in power per unit time which is
supplied to the load is suppressed, and

in a case where a difference between the first output value and the second output
value is larger than a threshold which is an amount of change of the value related to the
remaining amount of the power supply and is set or corrected based on time for which the
discharging has been performed, the control unit detects the short circuit.
[0102]  According to (6), in the case of performing constant power control during
discharging, a threshold is set or corrected based on the time for which the discharging has
been performed. Therefore, it is possible to set an appropriate threshold without requiring
complicated calculation.
[0103] (7) The power supply unit according to (2) or (4), wherein

the power supply unit includes at least a part of a circuit configured to electrically
connect the power supply and the load, and

during the discharging, the control unit controls the circuit such that power per unit
time which is supplied to the load is constant or variation in power per unit time which is
supplied to the load is suppressed, and controls the circuit such that time for which the
discharging is performed does not exceed a predetermined time (the maximum power supply
time), and

in a case where a difference between the first output value and the second output
value is larger than a threshold which is an amount of change of the value related to the
remaining amount of the power supply in a case where the discharging has been performed
for the predetermined time, the control unit detects the short circuit.
[0104]  According to (7), in the case of performing constant power control such that the
time for which discharging is performed does not exceed the predetermined time, a threshold
is set on the assumption that constant power has been discharged only for the predetermined
time. Therefore, it is possible to set an appropriate threshold without requiring complicated
calculation.
[0105]  (8) The power supply unit according to (2) or (4), wherein

the power supply unit includes at least a part of a circuit configured to electrically
connect the power supply and the load, and

during the discharging, the control unit controls the circuit such that time for which

the discharging is performed does not exceed a predetermined time (the maximum power
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supply time), and

in a case where a difference between the first output value and the second output
value is larger than a threshold which is an amount of change of the value related to the
remaining amount of the power supply in a case where maximum power which can be
supplied to the load has been supplied only for the predetermined time, the control unit
detects the short circuit.
[0106] According to (8), in the case of performing control such that the time for which
discharging is performed does not exceed the predetermined time, a threshold is set on the
assumption that the maximum power which can be supplied to the load has been discharged
only for the predetermined time. Therefore, it is possible to set an appropriate threshold
without requiring complicated calculation.
[0107]  (9) The power supply unit according to any one of (5) to (8), wherein

the value related to the remaining amount is a voltage of the power supply, and

the threshold is set based on a degree of change of the voltage of the power supply
in a case where the voltage of the power supply belongs to a non-plateau region (the non-
plateau region P1 or P3) of a region which is defined by a full charging voltage and a
discharge cutoff voltage.
[0108] According to (9), the threshold is set based on the degree of change of the voltage
of the power supply in the case where the voltage of the power supply belongs to a non-
plateau region of the region which is defined by the full charging voltage and the discharge
cutoff voltage. Therefore, it is possible to suppress erroneous detection of a short circuit
attributable to a difference in the voltage of the power supply.
[0109] (10) The power supply unit according to any one of (5) to (8), wherein

the value related to the remaining amount is a voltage of the power supply, and

the threshold is set based on a degree of change of the voltage of the power supply
in a case where the voltage of the power supply belongs to a region (the non-plateau region
P1) in which an amount of change of the voltage of the power supply per unit discharge
amount is largest, of a region which is defined by a full charging voltage and a discharge
cutoff voltage.
[0110]  According to (10), the threshold is set based on the degree of change of the voltage
of the power supply in the case where the voltage of the power supply belongs to a region in
which the amount of change of the voltage of the power supply per unit discharge amount is

largest, of the region which is defined by the full charging voltage and the discharge cutoff
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voltage. Therefore, it is possible to suppress erroneous detection of a short circuit
attributable to a difference in the voltage of the power supply.
[0111]  (11) The power supply unit according to any one of (5) to (10), wherein

the control unit is configured to set or correct the threshold based on a state of
deterioration of the power supply or a voltage of the power supply.
[0112]  According to (11), the threshold is set or corrected based on the state of
deterioration of the power supply or the voltage of the power supply. Therefore, it is
possible to set an optimal threshold according to the state of the power supply, and the
accuracy of short circuit detection improves.
[0113]  (12) The power supply unit according to any one of (2) to (11), wherein

the value related to the remaining amount of the power supply is a voltage of the
power supply, and

the first output value and the second output value are open circuit voltages of the
power supply.
[0114]  According to (12), the short circuit is detected based on the first output value and
the second output value which are open circuit voltages. Therefore, the accuracy of short
circuit detection improves as compared to the case of detecting a short circuit based on an
open circuit voltage and a closed circuit voltage.
[0115]  (13) The power supply unit according to any one of (2) to (11), wherein

the value related to the remaining amount of the power supply is a voltage of the
power supply, and

the first output value and the second output value are closed circuit voltages of the
power supply.
[0116]  According to (13), the short circuit is detected based on the first output value and
the second output value which are closed circuit voltages. Therefore, the accuracy of short
circuit detection improves as compared to the case of detecting a short circuit based on an
open circuit voltage and a closed circuit voltage.
[0117]  (14) The power supply unit according to (13), further comprising:

a switch (the switch 19) configured to allow or shut off supply of power from the
power supply,

wherein the first output value and the second output value are closed circuit
voltages of the power supply which are obtained after a predetermined period including 0

passes from when the control unit sends a closing instruction to the switch.
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[0118]  According to (14), the acquisition timings of the first output value and the second
output value which are closed circuit voltages are matched. Therefore, the accuracy of short
circuit detection further improves.
[0119] (15) The power supply unit according to (14), wherein

the predetermined period is set based on a time constant (the mitigation time) in a
case where change of a closed circuit voltage of the power supply is considered in a primary
delay system.
[0120]  According to (15), the short circuit is detected based on the first output value and
the second output value which are closed circuit voltages which are obtained after the
predetermined period set based on the time constant passes. Therefore, the accuracy of short
circuit detection improves.
[0121]  (16) The power supply unit according to any one of (2) to (15), wherein

the control unit distinctively detects an internal short circuit of the power supply
and an external short circuit of the power supply, based on a difference between the first
output value and the second output value.
[0122]  According to (16), the internal short circuit of the power supply and the external
short circuit of the power supply are distinctively detected. Therefore, it is possible to
perform an appropriate notification or procedure according to the location where a short
circuit has occurred.
[0123] (17) The power supply unit according to (16), wherein

the difference between the first output value and the second output value for
detecting the internal short circuit are larger than the difference between the first output value
and the second output value for detecting the external short circuit.
[0124]  According to (17), the internal short circuit of the power supply and the external
short circuit of the power supply are distinguished according to the difference between the
first output value and the second output value. Therefore, it is possible to determine the type
of a short circuit with high accuracy.
[0125] (18) The power supply unit according to any one of (2) to (17), wherein

the control unit does not detect the short circuit of the power supply in a case where
an interval between before the discharging and after the discharging exceeds a predetermined
period.
[0126] According to (18), detection on a short circuit of the power supply is not performed

in the case where the interval between before the discharging and after the discharging
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exceeds the predetermined period. Therefore, it is possible to prevent erroneous detection of
a short circuit attributable to natural discharge or the like.
[0127]  (19) A control method of a power supply unit for an aerosol inhaler, the power
supply unit including a power supply able to discharge power to a load for generating an
aerosol from an aerosol source, the control method comprising:

detecting a short circuit of the power supply based on a value related to a remaining
amount of the power supply.
[0128]  According to (19), a short circuit of the power supply is detected based on a value
related to the remaining amount of the power supply. Therefore, it is possible to determine
whether the power supply is normal or not.
[0129]  (20) A control program of a power supply unit for an aerosol inhaler, the power
supply unit including a power supply able to discharge power to a load for generating an
aerosol from an aerosol source, the control program comprising:

detecting a short circuit of the power supply based on a value related to a remaining
amount of the power supply.
[0130]  According to (20), a short circuit of the power supply is detected based on a value
related to the remaining amount of the power supply. Therefore, it is possible to determine
whether the power supply is normal or not.
[0131] According to (1), (19), and (20), a short circuit of the power supply is detected
based on the output value (voltage) of an output sensor. Therefore, it is possible to
determine whether the power supply is normal or not. Therefore, it is possible to urge the
user and so on to replace the power supply at an appropriate timing. Therefore, there is
energy saving effect in which it is possible to maximize the period for which it is possible to

use the power supply without replacing with a new one.
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What is claimed is:
1. A power supply unit for an aerosol inhaler, the power supply unit comprising:

a power supply able to discharge power to a load for generating an aerosol from an
aerosol source;

a control unit configured to control the power supply; and

a sensor configured to output a value related to a remaining amount of the power
supply, wherein

the control unit detects a short circuit of the power supply based on an output value
of the sensor in response to a request for aerosol generation.
2, The power supply unit according to claim 1, wherein

the control unit detects the short circuit, based on a first output value which is an
output value of the sensor obtained before discharging, and a second output value which is an
output value of the sensor obtained after the discharging.
3. The power supply unit according to claim 2, wherein

the discharging is discharging to another load different from the load.
4, The power supply unit according to claim 2, wherein

the discharging is discharging for aerosol generation to the load.
5. The power supply unit according to any one of claims 2 to 4, wherein

the control unit detects the short circuit in a case where a difference between the
first output value and the second output value is larger than a threshold which is an amount of
change of the value related to the remaining amount of the power supply and attributable to
the discharging,.
6. The power supply unit according to any one of claims 2 to 5, wherein

the value related to the remaining amount of the power supply is a voltage of the
power supply, and

the first output value and the second output value are open circuit voltages of the
power supply.
7. The power supply unit according to any one of claims 2 to 5, wherein

the value related to the remaining amount of the power supply is a voltage of the
power supply, and

the first output value and the second output value are closed circuit voltages of the
power supply.

8. A control method of a power supply unit for an aerosol inhaler, the power supply
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unit including a power supply able to discharge power to a load for generating an aerosol
from an aerosol source, the control method comprising:

detecting a short circuit of the power supply based on a value related to a remaining
amount of the power supply in response to a request for aerosol generation.
9. A control program of a power supply unit for an aerosol inhaler, the power supply
unit including a power supply able to discharge power to a load for generating an aerosol
from an aerosol source, the control program comprising:

detecting a short circuit of the power supply based on a value related to a remaining
amount of the power supply in response to a request for aerosol generation.
10. A power supply unit for an aerosol inhaler, the power supply unit comprising:

a power supply able to discharge power to a load for generating an aerosol from an
aerosol source;

a control unit configured to control the power supply; and

a sensor configured to output a value related to a remaining amount of the power
supply, wherein

the control unit detects a short circuit of the power supply, based on a first output
value which is an output value of the sensor obtained before discharging for aerosol
generation, and a second output value which is an output value of the sensor obtained after the
discharging.
11. The power supply unit according to claim 10, wherein

the power supply unit includes at least a part of a circuit configured to electrically
connect the power supply and the load, and

during the discharging, the control unit controls the circuit such that power per unit
time which is supplied to the load is constant or variation in power per unit time which is
supplied to the load is suppressed, and

in a case where a difference between the first output value and the second output
value is larger than a threshold which is an amount of change of the value related to the
remaining amount of the power supply and is set or corrected based on time for which the
discharging has been performed, the control unit detects the short circuit.
12. The power supply unit according to claim 10, wherein

the power supply unit includes at least a part of a circuit configured to electrically
connect the power supply and the load, and

during the discharging, the control unit controls the circuit such that power per unit
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time which is supplied to the load is constant or variation in power per unit time which is
supplied to the load is suppressed, and controls the circuit such that time for which the
discharging is performed does not exceed a predetermined time, and

in a case where a difference between the first output value and the second output
value is larger than a threshold which is an amount of change of the value related to the
remaining amount of the power supply in a case where the discharging has been performed
for the predetermined time, the control unit detects the short circuit.
13. The power supply unit according to claim 10, wherein

the power supply unit includes at least a part of a circuit configured to electrically
connect the power supply and the load, and

during the discharging, the control unit controls the circuit such that time for which
the discharging is performed does not exceed a predetermined time, and

in a case where a difference between the first output value and the second output
value is larger than a threshold which is an amount of change of the value related to the
remaining amount of the power supply in a case where maximum power which can be
supplied to the load has been supplied only for the predetermined time, the control unit
detects the short circuit.
14, A power supply unit for an aerosol inhaler, the power supply unit comprising:

a power supply able to discharge power to a load for generating an aerosol from an
aerosol source;

a control unit configured to control the power supply; and

a sensor configured to output a value related to a remaining amount of the power
supply, wherein

the control unit detects a short circuit of the power supply in a case where a
difference between a first output value which is an output value of the sensor obtained before
discharging and a second output value which is an output value of the sensor obtained after
the discharging is larger than a threshold which is an amount of change of the value related to
the remaining amount of the power supply and attributable to the discharging, and

the threshold is set based on a degree of change of a voltage of the power supply in
a case where the voltage of the power supply belongs to a non-plateau region of a region
which is defined by a full charging voltage and a discharge cutoff voltage, or in a case where
the voltage of the power supply belongs to a region in which an amount of change of the

voltage of the power supply per unit discharge amount is largest, of a region which is defined
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by a full charging voltage and a discharge cutoff voltage.
15. A power supply unit for an aerosol inhaler, the power supply unit comprising:

a power supply able to discharge power to a load for generating an aerosol from an
aerosol source;

a control unit configured to control the power supply; and

a sensor configured to output a value related to a remaining amount of the power
supply, wherein

the control unit detects a short circuit of the power supply in a case where a
difference between a first output value which is an output value of the sensor obtained before
discharging and a second output value which is an output value of the sensor obtained after
the discharging is larger than a threshold which is an amount of change of the value related to
the remaining amount of the power supply and attributable to the discharging, and

the control unit is configured to set or correct the threshold based on a state of
deterioration of the power supply or a voltage of the power supply.
16. A power supply unit for an aerosol inhaler, the power supply unit comprising:

a power supply able to discharge power to a load for generating an aerosol from an
aerosol source;

a switch configured to allow or shut off supply of power from the power supply;

a control unit configured to control the power supply; and

a sensor configured to output a voltage of the power supply, wherein

the control unit detects a short circuit of the power supply, based on a first output
value which is an output value of the sensor obtained before discharging, and a second output
value which is an output value of the sensor obtained after the discharging, and

the first output value and the second output value are closed circuit voltages of the
power supply which are obtained after a predetermined period including 0 passes from when
the control unit sends a closing instruction to the switch.
17. The power supply unit according to claim 16, wherein

the predetermined period is set based on a time constant in a case where change of a
closed circuit voltage of the power supply is considered in a primary delay system.
18. A power supply unit for an aerosol inhaler, the power supply unit comprising:

a power supply able to discharge power to a load for generating an aerosol from an
aerosol source;

a control unit configured to control the power supply; and
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a sensor configured to output a value related to a remaining amount of the power
supply, wherein

the control unit detects a short circuit of the power supply, based on a first output
value which is an output value of the sensor obtained before discharging, and a second output
value which is an output value of the sensor obtained after the discharging, and

the control unit distinctively detects an internal short circuit of the power supply
and an external short circuit of the power supply, based on a difference between the first
output value and the second output value.
19. The power supply unit according to claim 18, wherein

the difference between the first output value and the second output value for
detecting the internal short circuit is larger than the difference between the first output value
and the second output value for detecting the external short circuit.
20. A power supply unit for an aerosol inhaler, the power supply unit comprising:

a power supply able to discharge power to a load for generating an aerosol from an
aerosol source;

a control unit configured to control the power supply; and

a sensor configured to output a value related to a remaining amount of the power
supply, wherein

the control unit detects a short circuit of the power supply, based on a first output
value which is an output value of the sensor obtained before discharging, and a second output
value which is an output value of the sensor obtained after the discharging, and

the control unit does not detect the short circuit of the power supply in a case where
an interval between before the discharging and after the discharging exceeds a predetermined

period.
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