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157) ABSTRACT
A vehicle air conditioner includes an electric heater, an air
mixing damper, a driver configured to drive the air mixing
damper, and a controller configured to control the electric
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temperature of blowout air approximates a target tempera-
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VEHICLE AIR CONDITIONER

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This is a continuation of International Application
No. PCT/JP2013/004730 filed on Aug. 5, 2013, which claims
priority to Japanese Patent Application No. 2012-177371
filed on Aug. 9, 2012. The entire disclosures of these appli-
cations are incorporated by reference herein.

BACKGROUND

[0002] The present disclosure relates to vehicle air condi-
tioners mounted to, for example, vehicles, and the like.
[0003] In general, for example, a vehicle provided with an
internal combustion engine includes a vehicle air conditioner
for circulating cooling water of the internal combustion
engine to heat air-conditioning air, whereas a vehicle pro-
vided with no internal combustion engine (e.g. , an electric
vehicle) includes a vehicle air conditioner for heating air-
conditioning air by an electric heater having a plurality of
PTC elements (see, for example, Japanese Unexamined
Patent Publication No. H09-86148).
[0004] The air conditioner of Japanese Unexamined Patent
Publication No. H09-86148 includes an electric heater pro-
vided in a casing into which air-conditioning air is intro-
duced. The air conditioner further includes a heat accumula-
tor provided downstream of the electric heater in an airflow
direction and configured to accumulate heat by using power
supplied from an external power supply. The heating capacity
of the electric heater is changed in response to operation of a
temperature adjusting lever by a passenger.
[0005] The vehicle air conditioner includes an air mixing
damper configured to regulate amounts of cold air having

passed through a cooling heat exchanger and warm air heated

by the electric heater. The opening degree of the air mixing
damper depends on the temperature set by a passenger, the
outside air temperature, etc. The air mixing damper is driven

by an actuator to a determined opening degree, so that an
air-conditioned wind having an intended temperature can be
generated and supplied to a cabin.

SUMMARY

[0006] However, when an electric heater includes a plural-
ity of PTC elements as described in Japanese Unexamined
Patent Publication No. H09-86148, the thermal capacity is
switched by supplying electric power to, for example, a first-
phase PTC element, a second-phase PTC element, and a
third-phase PTC element in this order.

[0007] In this case, when the supply of the electric power to
the second-phase PTC element is started during the supply of
the electric power to the first-phase PTC element, the thermal
capacity of the electric heater rapidly increases. The rapid
increase in heating capacity rapidly increases the temperature
of air having passed through the electric heater. Therefore, if
the opening degree of the air mixing damper is unchanged
before the supply of the electric power to the second-phase
PTC element, the temperature ofblowout air becomes higher
than a target temperature. This results in a problem where the
comfort of passengers is reduced.
[000S] In view of the foregoing, the present disclosure is
directed to a technique for improving the comfort of passen-
gers, in the case of heating air by an electric heater whose
capacity is switchable between a plurality of phases, by pre-

venting the temperature ofblowout air, which has been heated
by the electric heater, from significantly deviating from a
target temperature in switching the capacity of the electric
heater.

[0009] A vehicle air conditioner includes:

[0010] a cooling heat exchanger configured to cool air-
conditioning air;

[0011] an electric heater whose thermal capacity for heat-
ing the air-conditioning air is switchable in a plurality of
phases;

[0012] an air mixing damper configured to regulate
amounts of air having passed through the cooling heat
exchanger and air having passed through the electric heater;

[0013] a driver configured to drive the air mixing damper;
and

[0014] a controller configured to control the electric heater
and the driver such that

[0015] the thermal capacity of the electric heater is
switched, a target opening degree of the air mixing damper is
computed, and the driver is operated to move the air mixing
damper to the target opening degree so as to obtain blowout
air at a target temperature.

[0016] When the controller switches the thermal capacity
ofthe electric heater, the controller performs thermal capacity
switching control of setting the target opening degree of the
air mixing damper such that a temperature of the blowout air
approximates the target temperature.

[0017] For example, when the thermal capacity of the elec-
tric heater is increased from a first-phase thermal capacity to
a second-phase thermal capacity, the thermal capacity rapidly
increases. However, in the present disclosure, the target open-
ing degree of the air mixing damper is set such that the
temperature of the blowout air approximates the target tem-
perature, so that it is possible to prevent wide deviation of the
temperature of the blowout air from the target temperature.

[001S] The controller may be configured to perform the
thermal capacity switching control in a region except a maxi-
mum cooling region and a maximum heating region.

[0019] Withthis configuration, since the electric heateris in
an OFF state in the maximum cooling region, the thermal
capacity is not switched. Since the thermal capacity of the
electric heater is maximum in the maximum heating region,
the thermal capacity is not switched. Thus, in the regions in
which the thermal capacity of the electric heater is not
switched, the thermal capacity switching control is not per-
formed, so that error control can be prevented.

[0020] The vehicle air conditioner further includes an inso-
lation sensor configured to sense an amount of insolation,
wherein

[0021] the controller may be configured to correct an open-
ing degree of the air mixing damper based on the amount of
insolation sensed by the insolation sensor.

[0022] With this configuration, the opening degree of the
air mixing damper is set in consideration of the amount of
insolation. Thus, the temperature of conditioned air can be
suitably set.

[0023] The vehicle air conditioner further includes an out-
side air temperature sensor configured to sense a temperature
outside a cabin, wherein

[0024] the controller may be configured to correct an open-
ing degree of the air mixing damper based on the temperature
outside the cabin sensed by the outside air temperature sensor.
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[0025] With this configuration, the opening degree of the
air mixing damper is set in consideration of the temperature
outside the cabin. Thus, the temperature of conditioned air
can be suitably set.
[0026] The controller may be configured to set the target
opening degree such that to increase the thermal capacity of
the electric heater, the air mixing damper is moved such that
an opening degree of air mixing damper decreases to cool the
air-conditioning air as compared to the opening degree before
an increase in thermal capacity, whereas to reduce the thermal
capacity of the electric heater, the air mixing damper is moved
such that the opening degree of the air mixing damper
increases to heat the air-conditioning air as compared to the
opening degree before a reduction in thermal capacity.
[0027] With this configuration, in either of the case where
the thermal capacity of the electric heater is increased and the
case where the thermal capacity of the electric heater is
reduced, it is possible to prevent wide deviation of the tem-
perature of the blowout air from the target temperature.

[002S] The controller may be configured to change the
opening degree of the air mixing damper based on the target
temperature of the blowout air before switching the thermal
capacity of the electric heater.

[0029] With this configuration, when a target temperature
ofthe blowout air before switching the thermal capacity of the
electric heater is relatively high, the opening degree of the air
mixing damper can be increased to heat the air-conditioning
air. When the target temperature of the blowout air before
switching the thermal capacity of the electric heater is rela-
tively low, the opening degree ofthe air mixing damper can be
reduced to cool the air-conditioning air. Thus, the opening
degree of the air mixing damper is set in consideration of the
target temperature ofthe blowout air. Thus, the temperature of
the conditioned air can be suitably set.
[0030] The controller may be configured to switch the ther-
mal capacity of the electric heater based on a heater switching
opening degree of the air mixing damper. The controller may
be configured to increase a difference between the target
opening degree of the air mixing damper and the heater
switching opening degree as time approaches a timing of
switching the thermal capacity of the electric heater.

[0031] With this configuration, the thermal capacity of the
electric heater can be switched based on the heater switching
opening degree of the air mixing damper. Before switching
the thermal capacity of the electric heater, the air mixing
damper is moved to a target opening degree which is an

opening degree different from the heater switching opening
degree, so that the difference between the heater switching
opening degree and the target opening degree gradually
increases. Thus, the temperature of the blowout air can be
closer to the target temperature of the blowout air when the
thermal capacity of the electric heater is switched than when
the electric heater is operated with the air mixing damper
open to the heater switching opening degree.
[0032] The vehicle air conditioner further includes: an air
temperature sensor configured to sense a temperature of air
heated by the electric heater, wherein

[0033] the controller may be configured to reduce the ther-
mal capacity ofthe electric heater when the temperature ofthe
air sensed by the air temperature sensor is higher than or equal
to a first predetermined temperature.

[0034] With this configuration, the first predetermined tem-
perature is set to a temperature which may cause thermal
damage to, for example, a casing of the air conditioner. When

the temperature of blowout air is higher than or equal to the
first predetermined temperature, the thermal capacity of the
electric heater can be lowered to avoid the thermal damage.

[0035] The controller may be configured to stop supplying
electric power to the electric heater when the temperature of
air sensed by the air temperature sensor is higher than or equal
to a second predetermined temperature higher than the first
predetermined temperature.

[0036] With this configuration, the thermal damage can be
prevented in advance.

[0037] The vehicle air conditioner further includes an
inside air temperature sensor configured to sense an air tem-
perature in a cabin, wherein the controller may be configured
to reduce the thermal capacity of the electric heater when in
introducing inside air from the cabin into the vehicle air
conditioner, the air temperature in the cabin sensed by the
inside air temperature sensor is higher than the predetermined
temperature.

[003S] With this configuration, when the air temperature in
the cabin is higher than the predetermined temperature, and
thus, a low heating capacity of the air conditioner is satisfac-
tory, the thermal capacity of the electric heater can be lowered
to reduce electric power consumption.

[0039] The vehicle air conditioner further includes: an out-
side air temperature sensor configured to sense an air tem-
perature outside a cabin, wherein,

[0040] the controller may be configured to reduce the ther-
mal capacity of the electric heater when in introducing out-
side air outside the cabin into the vehicle air conditioner, the
air temperature outside the cabin sensed by the outside air
temperature sensor is higher than a predetermined tempera-
ture.

[0041] With this configuration, when the temperature out-
side the cabin is higher than the predetermined temperature,
and thus a low heating capacity of the air conditioner is
satisfactory, the thermal capacity of the electric heater can be
lowered to reduce electric power consumption.

[0042] The vehicle air conditioner includes: an inside air
temperature sensor configured to sense an air temperature in
a cabin; and

[0043] an outside air temperature sensor configured to
sense a temperature outside the cabin, wherein

[0044] the controller may be configured to reduce the ther-
mal capacity of the electric heater when at least one of the air
temperature in the cabin sensed by the inside air temperature
sensor or the temperature outside the cabin sensed by the
outside air temperature sensor is higher than a predetermined
temperature.

[0045] With this configuration, when a low heating capac-
ity of the air conditioner is satisfactory, the thermal capacity
of the electric heater can be lowered to reduce electric power
consumption.

[0046] The vehicle air conditioner further includes: an air
temperature sensor configured to sense a temperature of air
heated by the electric heater, wherein

[0047] the controller may be configured to reduce the ther-
mal capacity ofthe electric heater when the temperature of the
air sensed by the air temperature sensor is higher than a target
temperature of blowout air.

[004S] With this configuration, when the temperature of air
heated by the electric heater is higher than the target tempera-
ture of the blowout air, a low heating capacity of the air
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conditioner is satisfactory. In this case, the thermal capacity
of the electric heater can be lowered to reduce electric power
consumption.
[0049] The vehicle air conditioner further includes: a cool-
ing-side temperature sensor configured to sense a tempera-
ture of air having passed through the cooling heat exchanger,
wherein

[0050] the controller may be configured to reduce the ther-
mal capacity of the electric heater when the temperature
sensed by the cooling-side temperature sensor is higher than
the predetermined temperature.

[0051] With this configuration, when the temperature of air
having passed through the cooling heat exchanger is higher
than the predetermined temperature, and a low heating capac-
ity of the air conditioner is satisfactory, the thermal capacity
of the electric heater can be lowered to reduce electric power
consumption.

[0052] The controller may be configured to move the air
mixing damper after a predetermined delay time has elapsed
since the thermal capacity of the electric heater was switched.
[0053] With this configuration, after switching the thermal
capacity of the electric heater, the thermal capacity of the
electric heater gradually changes. The delay time is set such
that the air mixing damper is operated with a delay corre-
sponding to the gradual change of the thermal capacity of the
electric heater, so that a rapid change in temperature of the
blowout air can be reduced when the thermal capacity of the
electric heater is switched.

[0054] The controller may be configured to change a hys-
teresis for switching the thermal capacity ofthe electric heater
based on a volume of blown air.

[0055] With this configuration, for example, a higher
degree of air conditioning is required when the volume of
blown air is high than when the volume of blown air is low. In
this case, the hysteresis for switching the thermal capacity of
the electric heater is shortened to rapidly switch the capacity,
thereby obtaining a desirable air conditioning capacity.
[0056] The controller may be configured to switch the ther-
mal capacity of the electric heater based on a heater switching
opening degree of the air mixing damper, and the controller
may shift a timing of switching the thermal capacity of the
electric heater such that the heater switching opening degree
of the air mixing damper decreases to cool the air-condition-
ing air as a volume of blown air increases, whereas the con-
troller may shift the timing of switching the thermal capacity
of the electric heater such that the heater switching opening
degree of the air mixing damper increases to heat the air-
conditioning air as the volume of the blown air decreases.

[0057] With this configuration, the heating capacity in heat-

ing is high when the volume of blown air is high. Therefore,
even when the timing of switching the thermal capacity of the
electric heater is shifted such that the heater switching open-
ing degree of the air mixing damper decreases to cool the
air-conditioning air, a desirable heating capacity can be
ensured. When the volume of blown air is low, the heating
capacity is low. Therefore, the timing of switching the ther-
mal capacity of the electric heater is shifted such that the
heater switching opening degree of the air mixing damper
increases to heat the air-conditioning air, so that a desirable
heating capacity can be ensured.

[005S] According to the present disclosure, the target open-
ing degree of the air mixing damper is set such that the
temperature of the blowout air approximates the target tem-
perature of the blowout air when the thermal capacity of the

electric heater is switched. Therefore, wide deviation of the
temperature ofthe conditioned air from the target temperature
in switching the capacity of the electric heater can be pre-
vented to improve the comfort of passengers.

BRIEF DESCRIPTION OF THE DRAWINGS

[0059] FIG. 1 is a view schematically illustrating a struc-
ture of a vehicle air conditioner according to an embodiment
of the present disclosure.
[0060] FIG. 2 is a block diagram of a vehicle controller.
[0061] FIG. 3 is a perspective view of an electric heater.

[0062] FIG. 4 is aflow chart illustrating main control of the
controller.

[0063] FIG. 5 is a flow chart illustrating sub-control of the
controller.
[0064] FIG. 6 is a graph illustrating the relationship
between the temperature ofblowout air and the heater switch-
ing opening degree.
[0065] FIG. 7 is a graph illustrating a first table for setting
the target opening degree of an air mixing damper.
[0066] FIG. S is a graph illustrating a second table for
setting the target opening degree of the air mixing damper.

[0067] FIG. 9 is a graph illustrating a third table for setting
the target opening degree of the air mixing damper.

DETAILED DESCRIPTION

[006S] Embodiments of the present disclosure will be
described in detail below based on the drawings. Note that the

preferred embodiments described below are only for the illus-
trative purposes and are not intended to limit the applications
and uses of the present disclosure.
[0069] FIG. 1 is a view schematically illustrating a struc-
ture ofa vehicle air conditioner 1 according to an embodiment
ofthe present disclosure. The vehicle air conditioner 1 is to be
mounted to a vehicle such as an automobile. The vehicle air
conditioner 1 is configured to introduce air outside or inside a
cabin thereinto so as to generate an air-conditioned wind
having an intended temperature, and to supply the generated
air-conditioned wind to each of spaces in the cabin.
[0070] The vehicle to which the air conditioner 1 is to be
mounted is an electric vehicle including both a driving motor
(not shown) and a battery B.
[0071] The vehicle air conditioner 1 includes an outdoor
unit 2, an indoor unit 3, and a controller 4 configured to
control the outdoor unit 2 and the indoor unit 3. The outdoor
unit 2 is provided in a motor room in which, for example, the
driving motor is to be mounted. The outdoor unit 2 includes a
condenser 10 and an electric compressor 11 which are ele-
ments of a refrigeration cycle device and a blower 12 config-
ured to send air to the condenser 10.The electric compressor
11 is turned ON and OFF by the controller 4, and the rotation
speed of the electric compressor 11 is varied by the controller
4. The electric compressor 11 is supplied with electric power
from the battery B.
[0072] The indoor unit 3 includes a casing 20, a blower 21
accommodated in the casing 20, an evaporator (cooling heat
exchanger) 22, an electric heater 23, an inside/outside air
switching damper 24, an air mixing damper 25, and blowout
direction switching dampers 26.
[0073] An air passage is formed in the casing 20.An inside/
outside air switch 30 is provided upstream of the casing 20 in
an airflow direction. The inside/outside air switch 30 has an
inside-air inlet 31 configured to introduce air in the cabin into
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the casing 20 and an outside-air inlet 32 configured to intro-
duce air outside the cabin into the casing 20.
[0074] The inside/outside air switching damper 24 is pro-
vided in the inside/outside air switch 30 and is configured to
open one of the inside-air inlet 31 and the outside-air inlet 32
and to close the other ofthe inside-air inlet 31 and the outside-
air inlet 32.
[0075] The blower 21 is provided downstream ofthe inside/
outside air switching damper 24 in the casing 20. The blower
21 is rotated by a blower motor 2S. The blower motor 2S is
turned ON and OFF by the controller 4, and the rotation speed
of (the volume of air blown by) the blower motor 2S is varied

by the controller 4.
[0076] The casing 20 has a cooling passage Rl for cooling
air-conditioning air introduced into the casing 20, a heating
passage R2 for heating a part of the air-conditioning air, a
bypass passage R3 through which a part of the air-condition-
ing air bypassing the heating passage R2 flows, and an air
mixing space R4 in which the parts of the air having passed
through the heating passage R2 and the bypass passage R3 are
mixed.
[0077] Specifically, the cooling passage Rl is formed
downstream of the blower 21 in the airflow direction. A down-
stream portion of the cooling passage Rl is divided into two

passages, one ofwhich is connected to an upstream portion of
the heating passage R2, and the other ofwhich is connected to
an upstream portion of the bypass passage R3.A downstream
portion of the heating passage R2 and a downstream portion
of the bypass passage R3 are connected to the air mixing
space R4.A downstream portion of the air mixing space R4 is
divided into three passages, i.e., a passage connected to a
defroster outlet 33, a passage connected to a vent outlet 34,
and a passage connected to a heat outlet 35.
[007S] The evaporator 22 is provided in the cooling passage
Rl. The air-conditioning air introduced into the casing 20
totally passes through the evaporator 22. The evaporator 22 is
an element of the refrigeration cycle device. The evaporator
22 is provided with an expansion valve device 37. A refrig-
erant discharged from the condenser 10 is decompressed
while passing through the expansion valve device 37. Then,
the refrigerant flows into the evaporator 22. After circulation
of the refrigerant in the evaporator 22, the refrigerant is
sucked into the electric compressor 11.
[0079] The evaporator 22 is provided with an evaporator
sensor (cooling-side temperature sensor) 40 configured to
sense the temperature ofair having passed through the evapo-
rator 22.As illustrated also in FIG. 2, the evaporator sensor 40
is connected to the controller 4 and is configured to output the
sensed temperature to the controller 4.
[00SO] As illustrated in FIG. 3, the electric heater 23
includes first to sixth heater units 51-56, many fins 57, and an
electrode holder 5S. The first to sixth heater units 51-56 are
arranged in this order in a width direction ofthe electric heater
23, and the fins 57 are provided between each adjacent pair of
the first to sixth heater units 51-56, thereby allowing the
air-conditioning air to pass through the electric heater 23.
[00S1] The first to sixth heater units 51-56 have the same
configuration and generate substantially the same amount of
heat. A PTC element configured to generate heat when sup-
plied with electric power is provided in each of the units
51-56.
[00S2] The first to sixth heater units 51-56 are divided into
three groups. That is, a first anode electrode 5Sa and a cathode
electrode 5Sd are connected to the first and second heater

units 51, 52. A second anode electrode 5Sb and the cathode
electrode 5Sd are connected to the third and fourth heater
units 53, 54. A third anode electrode 5Sc and the cathode
electrode 5Sd are connected to the fifth and sixth heater units
55, 56.

[00S3] The PTC element of the first heater unit 51 and the
PTC element ofthe second heaterunit 52 are respectively first
heater elements 51a and 52a. The PTC element of the third
heater unit 53 and the PTC element ofthe fourth heater unit 54
are respectively second heater elements 53a and 54a. The
PTC element of the fifth heater unit 55 and the PTC element
of the sixth heater unit 56 are respectively third heater ele-
ments 55a and 56a.

[00S4] The first to third anode electrodes 5Sa-5Sc and the
cathode electrode 5Sd are connected to the controller 4, and
the first to third anode electrodes 5Sa-5Sc are independently
supplied with electric power. Supplying electric power to the
first anode electrode 5Sa allows a current to flow through the
first heater element 51a of the first and second heater unit 51
and the first heater element 52a of the first and second heater
unit 52, so that the first heater elements 51a, 52a generate
heat. Supplying electric power to the first and second anode
electrodes 5Sa and 5Sb allows a current to flow through the
first heater elements 51a, 52a of the first and second heater
units 51, 52, and the second heater elements 53a, 54a of the
third and fourth heater units 53, 54, so that the heater elements
51a, 52a, 53a, 54a generate heat. Supplying electric power to
the first to third anode electrodes 5Sa-5Sc allows a current to
flow through the first heater elements 51a, 52a of the first and
second heater units 51, 52, the second heater elements 53a,
54a of the third and fourth heater units 54, 54, and the third
heater elements 55a, 56a of the fifth and sixth heater units 55,
56, so that the heater element 51a, 52a, 53a, 54a, 55a, 56a
generate heat. In this way, the thermal capacity of the electric
heater 23 can be roughly adjusted in three phases.

[00S5] In the casing 20, a warm air sensor (air temperature
sensor) 44 configured to sense the temperature of air having
passed through the electric heater 23 is provided downstream
of the electric heater 23 in the airflow direction. The warm air
sensor 44 is connected to the controller 4 and is configured to
output the sensed temperature to the controller 4.

[00S6] The air mixing damper 25 is configured to open the
heating passage R2 and close an upstream end opening which
is a part of the bypass passage R3, and vice versa. The air
mixing damper 25 is configured to be driven by an air mixing
damper actuator 43 which is an element of the air conditioner
1. The air mixing damper actuator 43 is connected to the
controller 4 and operates in response to a signal output from
the controller 4 having computed a target opening degree
which will be described later. The air mixing damper actuator
43 moves the air mixing damper 25 to the target opening
degree.

[00S7] Ifthe air mixing damper 25 is moved as indicated by
the solid line in FIG. 1 so that the heating passage R2 is fully
closed, air-conditioning air having passed through the cool-
ing passage Rl totally flows through the bypass passage R3
into the air mixing space R4. On the other hand, if the air
mixing damper 25 is moved as indicated by the phantom line
in FIG. 1 so that the bypass passage R3 is fully closed, the
air-conditioning air having passed through the cooling pas-
sage Rl totally flows through the heating passage R2 into the
air mixing space R4. The movement of the air mixing damper
25 adjusts the opening degrees of the heating passage R2 and



US 2015/0122473 A1 May 7, 2015

the bypass passage R3, thereby regulating the amounts of
cold air and warm air flowing into the air mixing space R4.
[00SS] In the embodiment, the opening degree of the air
mixing damper 25 is indicated by the opening degree of the
heating passage R2. For example, a situation where the open-
ing degree of the air mixing damper 25 is 100% means a
situation where the opening degree of the heating passage R2
is 100% and the opening degree of the cooling passage Rl is
0%, and a situation where the opening degree of the air
mixing damper 25 is 0% means a situation where the opening
degree of the heating passage R2 is 0% and the opening
degree of the cooling passage Rl is 100%. The opening
degree of the air mixing damper 25 can be set to any value
from 0% to 100%.
[00S9] Cold air cooled by the evaporator 22 and warm air
heated by the electric heater 23 are mixed in the air mixing
space R4, thereby generating conditioned air.

[0090] The conditioned air generated in the air mixing
space R4 is supplied to spaces in the cabin based on the
open/close positions of the blowout direction switching
dampers 26. Examples of the blowout mode used here include
a defroster mode, a vent mode, and a heat mode.
[0091] Moreover, the vehicle includes an inside air tem-
perature sensor 60 provided in the cabin to sense an air tem-
perature in the cabin and an outside air temperature sensor 61
provided outside the cabin to sense the air temperature out-
side the cabin. The inside air temperature sensor 60 and the
outside air temperature sensor 61 are elements included in the
vehicle air conditioner 1.The inside air temperature sensor 60
and the outside air temperature sensor 61 are connected to the
controller 4 and are configured to output the sensed tempera-
ture to the controller 4.
[0092] The vehicle further includes an insolation sensor 42
configured to determine the amount of insolation. The inso-
lation sensor 42 is an element of the vehicle air conditioner 1
and is connected to the controller 4. The insolation sensor 42
is configured to output the determined amount of insolation to
the controller 4.
[0093] The controller 4 controls the refrigeration cycle
device and also controls the blower 21, the electric heater 23,
and the air mixing damper actuator 43. In controlling the
refrigeration cycle device, the controller 4 basically controls
ON/OFF operation and the rotation speed of the electric com-
pressor 11 based on an air conditioning load (cooling load).
Here, the controller 4 obtains the temperature of the evapo-
rator 22 from the output signal of the evaporator sensor 40,
and based on the temperature, the controller 4 controls the
electric compressor 11.
[0094] When a relatively high degree of air conditioning is
required, the voltage applied to the blower motor 2S is
increased to increase the rotation speed of the blower 21.
Whether or not the relatively high degree of air conditioning
is required is determined by the controller 4 in a known
procedure based on, for example, a temperature set by a
passenger, the air temperature in the cabin, the air tempera-
ture outside the cabin, etc.
[0095] Basically, the controller 4 obtains the computed tar-
get opening degree of the air mixing damper 25, and when the
target opening degree ofthe air mixing damper 25 falls within
the range ofopening degrees for heating (greater than or equal
to 50% and less than or equal to 100%), the controller 4
supplies a larger amount of electric power to the electric
heater 23 than when the target opening degree of the air
mixing damper 25 falls within the range of opening degrees

for cooling (greater than or equal to 0% and less than 50%).
The target opening degree is varied.

[0096] The controller 4 supplies electric power to the elec-
tric heater 23 when heating is required. A method for control-
ling the electric heater 23 by the controller 4 will be described
with reference to the flow chart shown in FIG. 4. The control
starts immediately after the air conditioner 1 starts operating.
The control is repeatedly performed during the operation of
the air conditioner 1.
[0097] At step SA1 after starting the control, the controller
4 reads output values of the sensors. That is, the controller 4
reads the temperature of air having passed through the evapo-
rator 22, the amount of insolation output from the insolation
sensor 42, the temperature of air having passed through the
electric heater 23, the air temperature in the cabin, and the
temperature outside the cabin. The temperature of air having
passed through the evaporator 22 is output from the evapora-
tor sensor 40. The temperature of air having passed through
the electric heater 23 is output from the warm air sensor 44.
The air temperature in the cabin is output from the inside air
temperature sensor 60. The temperature outside the cabin is
output from the outside air temperature sensor 61.
[009S] At step SA2 following step SA1, a target tempera-
ture of blowout air which is the temperature of an air-condi-
tioning wind to be supplied into the cabin is computed. The
target temperature of the blowout air is set based on, for
example, a temperature set by a passenger, the air temperature
in the cabin, the air temperature outside the cabin, the amount
of insolation, etc. When the passenger requires a relatively
high degree of heating, when the air temperature outside the
cabin is low, or when the air temperature in the cabin is low,
the target blowout air temperature is set to a high value. On the
other hand, when the passenger requires a relatively high
degree of cooling, when the air temperature outside the cabin
is high, when the air temperature in the cabin is high, or when
the amount of insolation is large, the target blowout air tem-
perature is set to a low value.

[0099] At step SA3 following step SA2, the heater switch-
ing opening degree of the air mixing damper 25 is computed.
In this control, the thermal capacity of the electric heater 23 is
set based on the opening degree of the air mixing damper 25.
The opening degree of the air mixing damper 25 used at the
time of setting the thermal capacity of the electric heater 23 is
the heater switching opening degree.

[0100] As illustrated in FIG. 6, basically, in the case where
the heater switching opening degree of the air mixing damper
25 is within the range from 0% to 35%, a minimum thermal
capacity for supplying electric power only to the first and
second heater units 51, 52 ofthe electric heater 23 is selected.
In the case where the heater switching opening degree of the
air mixing damper 25 is within the range from 36% to 70%, an
intermediate thermal capacity for supplying electric power
only to the first to fourth heater units 51-54 of the electric
heater 23 is selected. In the case where the heater switching
opening degree of the air mixing damper 25 is within the
range from 71% to 100%, a maximum thermal capacity for
supplying electric power to the first to sixth heater units 51-56
of the electric heater 23 is selected. The boundary values
(35%, 70%) for switching the thermal capacity may be varied
in a later step.

[0101] In the case where the thermal capacity of the electric
heater 23 is switched from the minimum thermal capacity to
the intermediate thermal capacity and then switched from the
intermediate thermal capacity back to the minimum thermal
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capacity, a predetermined hysteresis is provided to prevent
hunting. Similarly, a predetermined hysteresis is also pro-
vided in each of the case where the thermal capacity of the
electric heater 23 is switched from the intermediate thermal
capacity to the maximum thermal capacity and then switched
from the maximum thermal capacity back to the intermediate
thermal capacity, the case where the thermal capacity of the
electric heater 23 is switched from the maximum thermal
capacity to the intermediate thermal capacity and then
switched from the intermediate thermal capacity back to the
maximum thermal capacity, and the case where the thermal
capacity of the electric heater 23 is switched from the inter-
mediate thermal capacity to the minimum thermal capacity
and then switched from the minimum thermal capacity back
to the intermediate thermal capacity. The hystereses can be
varied as described later.

[0102] The heater switching opening degree is the opening
degree of the air mixing damper 25 at which the temperature
ofthe blowout air from the casing 20 equals the target blowout
air temperature computed at step SA2.

[0103] At step SA3, the heater switching opening degree is
computed, and then, at step SA4, the heater switching open-
ing degree is corrected based on the amount of insolation and
the outside air temperature. As the amount of insolation
increases, or as the outside air temperature increases, the
heater switching opening degree is reduced, whereas as the
amount of insolation decreases, or as the outside air tempera-
ture decreases, the heater switching opening degree is
increased.

[0104] At step SA5 following step SA4, each of timings
(boundary values) of switching the thermal capacity of the
electric heater 23 and the width of each hysteresis are deter-
mined based on the volume ofair blown by the blower 21.The
volume of air blown by the blower 21 can be obtained with
reference to the voltage applied to the blower motor 2S.

[0105] As the volume of air blown by the blower 21
increases, the timing of switching the thermal capacity of the
electric heater 23 is shifted such that the heater switching
opening degree ofthe air mixing damper decreases to cool the
air-conditioning air. In contrast, as the volume of blown air
decreases, the timing of switching the thermal capacity of the
electric heater 23 is shifted such that the heater switching
opening degree of the air mixing damper increases to heat the
air-conditioning air. Each hysteresis for switching the thermal
capacity of the electric heater 23 is varied according to the
volume of blown air. Specifically, a higher degree of air
conditioning is required when the volume ofblown air is large
than when the volume of blown air is small. In this case, the
width ofeach hysteresis for switching the thermal capacity of
the electric heater 23 is reduced, so that the capacity can be
rapidly switched to provide a desirable air conditioning
capacity.

[0106] Next, the process proceeds to step SA6, at which the
thermal capacity of the electric heater 23 is determined based
on the graph illustrated in FIG. 6. The thermal capacity deter-
mined at step SA6 may be varied in later step SA7. There fore,
the determined thermal capacity is not output to the electric
heater 23 but is stored as a provisionally determined thermal
capacity.

[0107] At step SA7, the target opening degree of the air
mixing damper 25 is set. This target opening degree setting
control will be described based on the flow chart illustrated in
FIG. 5.

[010S] At step SB1after the start, it is determined whether
the heater switching opening degree of the air mixing damper
25, which has been computed at step SA3, is in a maximum
cooling region or in a maximum heating region. The maxi-
mum cooling region refers to a region in which the heater
switching opening degree is in the range from 0% to 3%.The
maximum heating region refers to a region in which the heater
switching opening degree is in the range from 97% to 100%.

[0109] If YES at step SB1, i.e., if the heater switching
opening degree of the air mixing damper 25 is in the maxi-
mum cooling region or in the maximum heating region, the
process proceeds to step SB2, at which the heater switching
opening degree is used as the target opening degree of the air
mixing damper 25. The target opening degree is an opening
degree to which the air mixing damper 25 is eventually
moved. The target opening degree is a value obtained by
correcting the heater switching opening degree at step SA4 as
described above based on the amount of insolation and the
outside air temperature.

[0110] IfNO at step SB1,i.e., if the heater switching open-
ing degree of the air mixing damper 25 is neither in the
maximum cooling region nor in the maximum heating region,
the process proceeds to step SB3, at which it is determined
whether the volume of blown air from the blower 21 is low,
intermediate, or high. If the volume of blown air is low, the
process proceeds to step SB4. If the volume of blown air is
intermediate, the process proceeds to step SB5.If the volume
of blown air is high, the process proceeds to step SB6.

[0111] At step SB4, a first table for setting the target open-
ing degree of the air mixing damper 25 is selected. At step
SB5, a second table for setting the target opening degree of
the air mixing damper 25 is selected. At step SB6,a third table
for setting the target opening degree of the air mixing damper
25 is selected.

[0112] The first, second, and third tables for setting the
target opening degree are respectively illustrated in FIGS. 7,
S, and 9. In each of the tables, the target opening degree of the
air mixing damper 25 is divided into three regions, i.e., a
minimum heating opening degree region, an intermediate
heating opening degree region, and a maximum heating open-
ing degree region which each correspond to an associated one
of the thermal capacities of the electric heater 23 determined
at step SA6. The minimum heating opening degree region
overlaps the intermediate heating opening degree region, and
the intermediate heating opening degree region overlaps the
maximum heating opening degree region. In the first table for
setting the target opening degree, the deviation of portions of
the lines corresponding to the overlapping parts of the mini-
mum heating opening degree region, the intermediate heating
opening degree region, and the maximum heating opening
degree region from each other along the vertical axis is greater
than in each ofthe second and third tables for setting the target
opening degree. On the other hand, in the third table for
setting the target opening degree, the deviation of portions of
the lines corresponding to the overlapping parts of the mini-
mum heating opening degree region, the intermediate heating
opening degree region, and the maximum heating opening
degree region along the vertical axis is smaller than in each of
the first and second tables for setting the target opening
degree.

[0113] In each of the first to thirdtables for setting the target
opening degree, the target opening degree of the air mixing
damper 25 along the vertical axis is computed based on the
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heater switching opening degree (the opening degree com-
puted at step SA3) along the horizontal axis.
[0114] The target opening degree of the air mixing damper
25 is set such that when the thermal capacity of the electric
heater 23 is switched, the temperature of the blowout air
approximates the target temperature.
[0115] That is, for example, in the first table for setting the
target opening degree, when the thermal capacity of the elec-
tric heater 23 is switched from the minimum thermal capacity
to the intermediate thermal capacity, the air mixing damper
25 is moved from the target opening degree computed from
the heater switching opening degree based on the line corre-
sponding to the minimum heating opening degree region
which is a minimum thermal capacity region to the target
opening degree computed from the heater switching opening
degree based on the line corresponding to the intermediate
heating opening degree region which is an intermediate ther-
mal capacity region.
[0116] The target opening degree in the intermediate heat-

ing opening degree region when the thermal capacity of the
electric heater 23 has been switched from the minimum ther-
mal capacity to the intermediate thermal capacity is smaller
than the target opening degree in the minimum heating open-
ing degree region.
[0117] As described above, the thermal capacity of the
electric heater 23 is stepwise switched from the minimum
thermal capacity to the intermediate thermal capacity, so that
the heating capacity is increased. Thus, the actual opening
degree of the air mixing damper 25 is reduced to cool the
air-conditioning air by the increase in heating capacity.
[0118] That is, upon switching the thermal capacity of the
electric heater 23 from the minimum thermal capacity to the
intermediate thermal capacity, the target opening degree in
the minimum heating opening degree region is set to a smaller
value. Therefore, when the thermal capacity of the electric
heater 23 is switched, the temperature of the blowout air
approximates the target temperature.
[0119] When the thermal capacity of the electric heater 23
is switched from the intermediate thermal capacity to the
minimum thermal capacity, the air mixing damper 25 is
moved from the target opening degree computed from the
heater switching opening degree based on the line corre-
sponding to the intermediate heating opening degree region
which is the intermediate thermal capacity region to the target
opening degree computed from the heater switching opening
degree based on the line corresponding to the minimum heat-

ing opening degree region which is the minimum thermal
capacity region.

[0120] The target opening degree in the minimum heating
opening degree region when the thermal capacity of the elec-
tric heater 23 has been switched from the intermediate ther-
mal capacity to the minimum thermal capacity is greater than
the target opening degree in the intermediate heating opening
degree region.
[0121] As described above, the thermal capacity of the
electric heater 23 is stepwise switched from the intermediate
thermal capacity to the minimum thermal capacity, so that the
heating capacity is reduced. The actual opening degree of the
air mixing damper 25 is increased to heat the air-conditioning
air by the reduction in heating capacity.

[0122] That is, upon switching the thermal capacity of the
electric heater 23 from the intermediate thermal capacity to
the minimum thermal capacity, the target opening degree in
the minimum heating opening degree region is set to a greater

value. Therefore, when the thermal capacity of the electric
heater 23 is switched, the temperature of the blowout air
approximates the target temperature.
[0123] The same applies to the case where the thermal
capacity of the electric heater 23 is switched from the inter-
mediate thermal capacity to the maximum thermal capacity
and the case where the thermal capacity of the electric heater
23 is switched from the maximum thermal capacity to the
intermediate thermal capacity.
[0124] The target opening degree of the air mixing damper
25 is also set based on the second and third tables for setting
the target opening degree in a similar manner. Steps SB4-SB6
illustrate thermal capacity switching control of the present
disclosure.
[0125] After steps SB4-SB6, the process proceeds to step
SB7, at which the target opening degree of the air mixing
damper 25 is finally set based on the table selected at any one
of steps SB4-SB6.
[0126] After the target opening degree of the air mixing
damper 25 is set, the process proceeds to step SBS, at which
it is determined whether the heater downstream air tempera-
ture (HT) (ke. , the temperature of air having passed through
the electric heater 23 which is output from the warm air sensor
44) is higher than or equal to a first predetermined tempera-
ture (Tl). The first predetermined temperature (Tl) is set to a
temperature which may cause thermal damage to the casing
20, etc. , and is preferably, for example, about 80' C.
[0127] IfYES at step SBS, i.e., if the heater downstream air
temperature (HT) is higher than or equal to the first predeter-
mined temperature (T I), the process proceeds to step SB9,at
which a thermal capacity lower than the thermal capacity
computed from the heater switching opening degree is
selected. Then, the process proceeds to the end, and the elec-
tric heater 23 is controlled to have the thermal capacity
selected at step SB9.This lowers the amount of heat genera-
tion of the electric heater 23, so that the thermal damage to the
casing 20, etc. can be avoided.
[0128] If NO at step SBS, the process proceeds to step
SB10, at which it is determined whether the heater down-
stream air temperature (HT) is higher than or equal to a
second predetermined temperature (T2). The second prede-
termined temperature (T2) is set to a temperature which is
higher than the first predetermined temperature (TI), causes
thermal damage to the casing 20, etc. , and is preferably, for
example, about 100' C.
[0129] IfYES at step SB10, i.e., if the heater downstream
air temperature (HT) is higher than or equal to the second
predetermined temperature (T2), the process proceeds to step
SB16,at which supplying electric power to the electric heater
23 is stopped. In this way, it is possible to prevent the thermal
damage to the casing 20, etc.
[0130] IfNO at step SB10,i.e., if the heater downstream air
temperature (HT) is lower than the second predetermined
temperature (T2), the process proceeds to step SB11,at which
it is determined whether or not the temperature in the cabin
sensed by the inside air temperature sensor 60 is higher than
or equal to a third predetermined temperature (T3).The third
predetermined temperature (T3) is a temperature based on
which it is determined whether or not the temperature in the
cabin is a temperature at which weak heating is merely
required. The third predetermined temperature (T3) is pref-
erably, for example, about 45' C.
[0131] IfYES at step SB11,i.e., if the temperature in the
cabin is higher than or equal to the predetermined tempera-
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ture (T3), the process proceeds to step SB9, at which a ther-
mal capacity lower than the thermal capacity computed from
the heater switching opening degree is selected. Then, the
process proceeds to the end, and the electric heater 23 is
controlled to have the thermal capacity selected at step SB9.
This reduces the electric power consumption of the electric
heater 23.
[0132] If NO at step SB11, i.e., if the temperature in the
cabin is lower than the third predetermined temperature (T3),
the process proceeds to step SB12, at which it is determined
whether the temperature outside the cabin sensed by the out-
side air temperature sensor 61 is higher than or equal to a
fourth predetermined temperature (T4). The fourth predeter-
mined temperature (T4) is a temperature based on which it is
determined whether or not the temperature outside the cabin
is a temperature at which weak heating is merely required.
The fourth predetermined temperature (T4) is preferably, for
example, about 45' C.
[0133] IfYES at step SB12, i.e., if the temperature outside
the cabin is higher than or equal to the predetermined tem-
perature (T4), the process proceeds to step SB9, at which a
thermal capacity lower than the thermal capacity computed
from the heater switching opening degree is selected. Then,
the process proceeds to the end, and the electric heater 23 is
controlled to have the thermal capacity selected at step SB9.
This reduces the electric power consumption of the electric
heater 23.
[0134] If NO at step SB12, i.e., if the temperature outside
the cabin is lower than the predetermined temperature (T4),
the process proceeds to step SB13,at which it is determined
whether or not the heater downstream air temperature (HT) is
higher than or equal to the target blowout air temperature.

[0135] IfYES at step SB13, i.e., if the heater downstream
air temperature (HT) is higher than or equal to the target
blowout air temperature, the process proceeds to step SB9,at
which a thermal capacity lower than the thermal capacity
computed from the heater switching opening degree is
selected. Then, the process proceeds to the end, and the elec-
tric heater 23 is controlled to have the thermal capacity
selected at step SB9. This reduces the electric power con-
sumption of the electric heater 23.
[0136] IfNO at step SB13,i.e., if the heater downstream air
temperature (HT) is lower than the target blowout air tem-
perature, the process proceeds to step SB14, at which it is
determined whether or not the temperature of air having
passed through the evaporator 22, which is sensed by the
evaporator sensor 40, i.e., a temperature sensed downstream
of the evaporator, is higher than or equal to a fifth predeter-
mined temperature (T5).The fifth predetermined temperature
T5 is preferably, for example, about 45' C.
[0137] IfYES at step SB14, i.e., if the temperature sensed
downstream of the evaporator is higher than or equal to the
predetermined temperature (T5), the process proceeds to step
SB9, at which a thermal capacity lower than the thermal
capacity computed from the heater switching opening degree
is selected. Then, the process proceeds to the end, and the
electric heater 23 is controlled to have the thermal capacity
selected at step SB9. This reduces the electric power con-
sumption of the electric heater 23.
[013S] If NO at step SB14, i.e., if the temperature sensed
downstream of the evaporator is lower than the predetermined
temperature (T5), the process proceeds to step SB15,at which
the thermal capacity computed from the heater switching
opening degree is selected. Then, the process proceeds to the

end, and the electric heater 23 is controlled to have the ther-
mal capacity selected at step SB9.
[0139] Thus, for example, when the thermal capacity of the
electric heater 23 is increased from the minimum thermal
capacity to the intermediate thermal capacity at step SA6 of
the flow chart illustrated in FIG. 4, the thermal capacity of
only the electric heater 23 may rapidly increase, so that the
blowout air temperature may increase to or exceeds the target
temperature. However, in the present embodiment, the target
opening degree of the air mixing damper 25 is set at steps
SB4-SB7 such that the temperature of the blowout air
approximates the target temperature, so that it is possible to
prevent wide deviation of the temperature of the blowout air
from the target temperature. Thus, when the capacity of the
electric heater 23 is switched, the wide deviation of the tem-
perature of the conditioned air from the target temperature is
prevented, so that the comfort ofpassengers can be improved.

[0140] If the heater switching opening degree is in the
maximum cooling region or in the minimum heating region at
step SB1, the process proceeds to step SB2, so that the ther-
mal capacity switching control is not performed at steps SB4-
SB6.
[0141] In the maximum cooling region, the electric heater
23 is in an OFF state. Therefore, the thermal capacity is not
switched. In the maximum heating region, the thermal capac-
ity of the electric heater 23 is maximum. Therefore, the ther-
mal capacity is not switched. Therefore, in the regions in
which the thermal capacity of the electric heater 23 is not
switched, the thermal capacity switching control is not per-
formed, so that error control can be prevented.

[0142] The controller 4 corrects the heater switching open-
ing degree based on the amount of insolation and the outside
air temperature at step SA4. Thus, the opening degree of the
air mixing damper 25 is set in consideration of the amount of
insolation and the temperature outside the cabin. Therefore,
the temperature of the conditioned air can be suitably set, so
that the comfort of the passengers can be further improved.

[0143] At steps SB4-SB6, to increase the thermal capacity
of the electric heater 23, the controller 4 sets the target open-
ing degree such that the opening degree of the air mixing
damper 25 is reduced to cool the air-conditioning air as com-
pared to the opening degree before the increase, and to reduce
the thermal capacity of the electric heater 23, the controller 4
sets the target opening degree such that the opening degree of
the air mixing damper 25 is increased to heat the air-condi-
tioning air as compared to the opening degree before the
reduction. Thus, in both of the case where the thermal capac-
ity of the electric heater 23 is switched to a higher thermal
capacity and the case where the thermal capacity of the elec-
tric heater 23 is switched to a lower thermal capacity, it is
possible to prevent the wide deviation of the temperature of
blowout air from the target temperature, so that the comfort of
passengers can be further increased.

[0144] The controller 4 may be configured to change the
opening degree of the air mixing damper 25 based on the
target temperature of the blowout air before switching the
thermal capacity of the electric heater 23. That is, if the target
temperature of the blowout air before switching the thermal
capacity of the electric heater 23 is relatively high, the open-
ing degree of the air mixing damper 25 is increased to heat the
air-conditioning air, and if the target temperature of the blow-
out air before switching the thermal capacity of the electric
heater 23 is relatively low, the opening degree of the air
mixing damper 25 is reduced to cool the air-conditioning air.
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Thus, the opening degree of the air mixing damper 25 is set in
consideration of the target temperature of the blowout air, so
that it is possible to suitably set the temperature of the con-
ditioned air.

[0145] The controller 4 is configured to switch the thermal
capacity of the electric heater 23 based on the heater switch-
ing opening degree of the air mixing damper 25. For example,
as illustrated in FIG. 7, the controller 4 is configured such that
as time approaches the timing of switching the thermal capac-
ity of the electric heater 23, the difference between the target
opening degree of the air mixing damper 25 and the heater
switching opening degree increases. That is, before switching
the thermal capacity of the electric heater 23, the air mixing
damper 25 moves to a target opening degree which is an
opening degree different from the heater switching opening
degree, so that the difference between the heater switching
opening degree and the target opening degree gradually
increases. Thus, the temperature of the blowout air can be
closer to the target temperature of the blowout air when the
thermal capacity of the electric heater 23 is switched than
when the electric heater 23 is operated with the air mixing
damper 25 open to the heater switching opening degree.
[0146] If at step SBS, the controller 4 determines that the
temperature of air having passed through the electric heater
23 is higher than or equal to the temperature (Tl) which may
cause thermal damage to the casing 20, etc. , the controller 4
reduces, at SB9,the thermal capacity of the electric heater 23.
In this way, the thermal damage can be prevented.

[0147] Ifat step SB10,the temperature of air having passed
through the electric heater 23 is higher than or equal to the
second predetermined temperature (T2) higher than the first
predetermined temperature (Tl), the controller 4 stops, at
SB9,supplying electric power to the electric heater 23. In this

way, the thermal damage can be prevented in advance.

[014S] If at step SB11, the air temperature in the cabin
sensed by the inside air temperature sensor 60 is higher than
the predetermined temperature (T3), the controller 4 reduces,
at step SB9, the thermal capacity of the electric heater 23. If
the air temperature in the cabin is higher than the predeter-
mined temperature (T3), a low heating capacity of the air
conditioner 1 is satisfactory. In this case, the thermal capacity
of the electric heater 23 is reduced, so that the electric power
consumption can be reduced without reducing the comfort of
passengers.

[0149] If at step SB12, the temperature outside the cabin
sensed by the outside air temperature sensor 61 is higher than
the predetermined temperature (T4), the controller 4 reduces,
at step SB9, the thermal capacity of the electric heater 23. If
the temperature outside the cabin is higher than the predeter-
mined temperature (T4), a low heating capacity of the air
conditioner 1 is satisfactory. In this case, the thermal capacity
of the electric heater 23 is reduced, so that the electric power
consumption can be reduced without reducing the comfort of
passengers.
[0150] Moreover, the controller 4 may be configured to
reduce the thermal capacity of the electric heater 23 when at
least one of the air temperature in the cabin sensed by the
inside air temperature sensor 60 or the temperature outside
the cabin sensed by the outside air temperature sensor 61 is
higher than a predetermined temperature. Thus, the electric
power consumption can be reduced without reducing the
comfort of passengers.

[0151] If the temperature of air sensed by the warm air
sensor 44 is higher than the target temperature of the blowout

air, the controller 4 reduces the thermal capacity of the elec-
tric heater 23. If the temperature of air heated by the electric
heater 23 is higher than the target temperature of the blowout
air, a low heating capacity of the air conditioner 1 is satisfac-
tory. In this case, the thermal capacity of the electric heater 23
is reduced, so that the electric power consumption can be
reduced without reducing the comfort of passengers.

[0152] If the temperature sensed by the evaporator sensor
40 is higher than the predetermined temperature (T5), the
controller 4 reduces the thermal capacity ofthe electric heater
23. Ifthe temperature ofair having passed through the evapo-
rator 22 is higher than the predetermined temperature (T5), a
low heating capacity of the air conditioner 1 is satisfactory. In
this case, the thermal capacity of the electric heater 23 is
reduced, so that the electric power consumption can be
reduced.

[0153] The controller 4 may be configured to gradually
move the air mixing damper 25 over a predetermined delay
time after switching the thermal capacity of the electric heater
23. That is, in general, after switching the thermal capacity of
the electric heater 23, the thermal capacity of the electric
heater 23 gradually changes. The delay time is set such that
the air mixing damper 25 is operated with a delay correspond-
ing to the gradual change of the thermal capacity of the
electric heater 23, so that a rapid change in temperature of the
blowout air can be reduced when the thermal capacity of the
electric heater 23 is switched. Thus, the comfort of passengers
can be further improved.

[0154] The controller 4 may be configured to change each
hysteresis for switching the thermal capacity of the electric
heater based on the volume of blown air. For example, a
higher degree ofair conditioning is required when the volume
of blown air is high than when the volume of blown air is low.
In this case, each hysteresis for switching the thermal capac-
ity of the electric heater 23 is reduced, so that a desirable air
conditioning capacity can be obtained by rapidly switching
the conditioning capacity.

[0155] The controller 4 is configured to switch the thermal
capacity of the electric heater 23 based on the heater switch-
ing opening degree of the air mixing damper 25. The control-
ler 4 may be configured to shift the timing of switching the
thermal capacity of the electric heater 23 such that the heater
switching opening degree of the air mixing damper decreases
to cool the air-conditioning air as the volume of blown air
increases, and shift the timing of switching the thermal capac-
ity of the electric heater 23 such that the heater switching
opening degree of the air mixing damper increases to heat the
air-conditioning air as the volume of blown air decreases.
With this configuration, when the volume of blown air is high
in heating, the heating capacity is high. In this case, since the
timing of switching the thermal capacity of the electric heater
23 is shifted such that the heater switching opening degree
decreases to cool the air-conditioning air, a desirable heating
capacity can be ensured. When the volume of blown air is low,
the heating capacity is low. Therefore, the timing of switching
the thermal capacity of the electric heater 23 is shifted such
that the heater switching opening degree increases to heat the
air-conditioning air, so that a desirable heating capacity can
be ensured. Thus, the timing of switching the thermal capac-
ity of the electric heater 23 can be changed without reducing
the air conditioning capacity of the air conditioner 1.
[0156] Note that while in the embodiment, the heating
capacity of the electric heater 23 can be changed between
three phases, i.e., the minimum heating capacity, the interme-
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diate heating capacity, and the maximum heating capacity,
the heating capacity is not limited to that can be changed
between three phases. The heating capacity may have two
phases, or may have four or more phases.
[0157] The present disclosure is also applicable to, for
example, air conditioners of hybrid vehicles including an
engine and a driving motor.

[015S] As described above, the vehicle air conditioner
according to the present disclosure can be used, for example,
as an air conditioner of an electric vehicle.

What is claimed is:
1.A vehicle air conditioner comprising:
a cooling heat exchanger configured to cool air-condition-

ing air;
an electric heater whose thermal capacity for heating the

air-conditioning air is switchable in a plurality of
phases;

an air mixing damper configured to regulate amounts ofair
having passed through the cooling heat exchanger and
air having passed through the electric heater;

a driver configured to drive the air mixing damper; and
a controller configured to control the electric heater and the

driver such that the thermal capacity of the electric
heater is switched, a target opening degree of the air
mixing damper is computed, and the driver is operated to
move the air mixing damper to the target opening degree
so as to obtain blowout air at a target temperature,
wherein

when the controller switches the thermal capacity of the
electric heater, the controller performs thermal capacity
switching control of setting the target opening degree of
the air mixing damper such that a temperature of the
blowout air approximates the target temperature.

2. The vehicle air conditioner of claim 1, wherein
the controller is configured to perform the thermal capacity

switching control in a region except a maximum cooling
region and a maximum heating region.

3. The vehicle air conditioner of claim 1, further compris-
ing:

an insolation sensor configured to sense an amount of
insolation, wherein

the controller is configured to correct an opening degree of
the air mixing damper based on the amount of insolation
sensed by the insolation sensor.

4. The vehicle air conditioner of claim 1, further compris-
ing:

an outside air temperature sensor configured to sense a
temperature outside a cabin, wherein

the controller is configured to correct an opening degree of
the air mixing damper based on the temperature outside
the cabin sensed by the outside air temperature sensor.

5. The vehicle air conditioner of claim 1, wherein

the controller is configured to set the target opening degree
such that to increase the thermal capacity of the electric
heater, the air mixing damper is moved such that an
opening degree of the air mixing damper decreases to
cool the air-conditioning air as compared to the opening
degree before an increase in thermal capacity, whereas
to reduce the thermal capacity of the electric heater, the
air mixing damper is moved such that the opening
degree of the air mixing damper increases to heat the
air-conditioning air as compared to the opening degree
before a reduction in thermal capacity.

6. The vehicle air conditioner of claim 1, wherein
the controller is configured to change the opening degree of

the air mixing damper based on the target temperature of
the blowout air before switching the thermal capacity of
the electric heater.

7. The vehicle air conditioner of claim 1, wherein
the controller is configured to switch the thermal capacity

of the electric heater based on a heater switching open-
ing degree of the air mixing damper, and

the controller is configured to increase a difference
between the target opening degree of the air mixing
damper and the heater switching opening degree as time
approaches a timing of switching the thermal capacity of
the electric heater.

S. The vehicle air conditioner of claim 1, further compris-
lng

an air temperature sensor

configured

t sense a temperature
of air heated by the electric heater, wherein

the controller is configured to reduce the thermal capacity
of the electric heater when the temperature of the air
sensed by the air temperature sensor is higher than or
equal to a first predetermined temperature.

9. The vehicle air conditioner of claim S, wherein
the controller is configured to stop supplying electric

power to the electric heater when the temperature of air
sensed by the air temperature sensor is higher than or
equal to a second predetermined temperature higher
than the first predetermined temperature.

10.The vehicle air conditioner of claim 1, further compris-
lng

an inside air temperature sensor configured to sense an air
temperature in a cabin, wherein

the controller is configured to reduce the thermal capacity
of the electric heater when in introducing inside air from
the cabin into the vehicle air conditioner, the air tem-
perature in the cabin sensed by the inside air temperature
sensor is higher than the predetermined temperature.

11.The vehicle air conditioner of claim 1, further compris-
ing:

an outside air temperature sensor configured to sense an air
temperature outside a cabin, wherein

the controller is configured to reduce the thermal capacity
of the electric heater when in introducing air outside the
cabin into the vehicle air conditioner, the air temperature
outside the cabin sensed by the outside air temperature
sensor is higher than a predetermined temperature.

12.The vehicle air conditioner of claim 1, further compris-
lng

an inside air temperature sensor configured to sense an air
temperature in a cabin; and

an outside air temperature sensor configured to sense a
temperature outside the cabin, wherein

the controller is configured to reduce the thermal capacity
of the electric heater when at least one of the air tem-
perature in the cabin sensed by the inside air temperature
sensor or the temperature outside the cabin sensed by the
outside air temperature sensor is higher than a predeter-
mined temperature.

13.The vehicle air conditioner of claim 1, further compris-
lng

an air temperature sensor

configured

t sense a temperature
of air heated by the electric heater, wherein

the controller is configured to reduce the thermal capacity
of the electric heater when the temperature of the air
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sensed by the air temperature sensor is higher than a
target temperature of blowout air.

14.The vehicle air conditioner of claim 1, further compris-
ing:

a cooling-side temperature sensor configured to sense a
temperature of air having passed through the cooling
heat exchanger, wherein

the controller is configured to reduce the thermal capacity
ofthe electric heater when the temperature sensed by the
cooling-side temperature sensor is higher than the pre-
determined temperature.

15.The vehicle air conditioner of claim 1, wherein
the controller is configured to move the air mixing damper

after a predetermined delay time has elapsed since the
thermal capacity of the electric heater was switched.

16.The vehicle air conditioner of claim 1, wherein
the controller is configured to change a hysteresis for

switching the thermal capacity of the electric heater
based on a volume of blown air.

17.The vehicle air conditioner of claim 1, wherein
the controller is configured to switch the thermal capacity

of the electric heater based on a heater switching open-
ing degree of the air mixing damper, and

the controller shifts a timing of switching the thermal
capacity of the electric heater such that the heater
switching opening degree decreases to cool the air-con-
ditioning air as a volume ofblown air increases, whereas
the controller shifts the timing of switching the thermal
capacity of the electric heater such that the heater
switching opening degree increases to heat air-condi-
tioning air as the volume of the blown air decreases.
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