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(57) ABSTRACT

An apparatus is disclosed which sterilizes an evaporator of an
automotive HVAC system depending on whether the vehicle
engine starts. The apparatus comprises: an engine start detec-
tor (160) tor detecting whether a vehicle engine starts as the
engine start detector is connected to a power line, ignition-1,
necessary for the engine start up: an ultraviolet lamp (130)
that is installed adjacent to the evaporator and supplied with
power output from a vehicle battery (70); a temperature sen-
sor (140) installed adjacent to the evaporator (50) for sensing
the temperature of the evaporator (50); a mode selection
switch (150) for setting an automatic mode in which the UV
lamp (130) is turned on/off or a continuous mode in which the
UV lamp (130) is continuously turned on, according to the
temperature of the evaporator (50) sensed by the temperature
sensor (140), and a controller (110) for controlling the turning
on/off of the UV lamp (130) according to the mode set by the
mode selection switch (150), after the engine start detector
detects the vehicle start-up, wherein the controller (110) turns
on/off the UV lamp (130) according to temperature changes
of the surface of the evaporator (50), sensed by the tempera-
ture sensor (140), when the mode is set to the automatic mode,
and continuously turns on the UV lamp (130) when the mode
is set to the continuous mode.
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AIR-CLEANING DEVICE FOR EVAPORATOR
OF VEHICLE AND CONTROL METHOD

TECHNICAL FIELD

[0001] The present invention relates to an automotive heat-
ing, ventilating and air-conditioning (HVAC) system. More
particularly, this invention relates to an apparatus that can
sterilize an evaporator included in an automotive HVAC sys-
tem using an ultraviolet (UV) lamp, so that pleasant air can be
provided to the passenger compartment of the vehicle, and to
a control method of the apparatus.

BACKGROUND ART

[0002] Ingeneral, automotive HVAC systems serve to heat/
cool the passenger compartment for a driver and passengers
or to remove fog or frost from the windshield for safe driving.
The automotive HVAC system includes a cooling unit and a
heating unit. The automotive HVAC system selectively
receives outside air and inside air and heats or cools the air, so
that the heated or cooled air can be blown into the passenger
compartment. The cooling unit of the conventional automo-
tive HVAC system includes an evaporator for generating
cooled air. When the cooling unit is operated, the evaporator
picks up the heat from ambient air thereof, and accordingly
water droplets are formed on the surface of the evaporator due
to the temperature difference between the evaporator and the
ambient air. The water droplets cause the surface of the evapo-
rator to become wet. While the cooling unit of a vehicle is
operated, undesirable airborne matter from the outside air
may become attached to the water droplets on the surface of
the evaporator. In that case, mold and bacteria, etc. may form
and multiply on the wet surface of the evaporator, resulting in
odorous air being transmitted to the passenger compartment
which in turn creates an unpleasant and potentially harmful
atmosphere for passengers.

DISCLOSURE OF INVENTION
Technical Problem

[0003] The present invention solves the above problems
and provides an apparatus that can sterilize an evaporator of
an automotive heating, ventilating, and air conditioning
(HVAC) system, on which mold and bacteria may multiply
and grow, using an ultraviolet (UV) lamp and can supply the
purified air to the passenger compartment of a vehicle. Also,
the present invention provides a control method of the appa-
ratus for sterilizing an evaporator of an automotive HVAC
system.

[0004] The present invention further provides an apparatus
for sterilizing an evaporator of an automotive HVAC system
that can efficiently operates a UV lamp according to the
conditions of the evaporator. Also, the present invention pro-
vides a control method of the apparatus.

[0005] The present invention further provides an apparatus
for sterilizing an evaporator of an automotive HVAC system,
which can indicate whether a UV lamp is operated and can
inform the user when the UV lamp needs replacing, so that the
user can easily be aware of the state of the UV lamp. Also, the
present invention provides a control method of the apparatus.

Technical Solution

[0006] In accordance with an exemplary embodiment of
the present invention, the present invention provides an appa-
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ratus for sterilizing an evaporator of an automotive heating,
ventilating and air-conditioning (HVAC) system depending
on whether vehicle engine starts. The apparatus includes: an
engine start detector for detecting whether a vehicle engine
starts as the engine start detector is connected to a power line
of ignition-1 (IG-1) necessary for the engine start up; an
ultraviolet (UV) lamp that is installed adjacent to the evapo-
rator and supplied with power output from a vehicle battery;
a temperature sensor installed adjacent to the evaporator for
sensing the temperature of evaporator; a mode selection
switch for setting an automatic mode in which the UV lamp is
turned on/off or a continuous mode in which the UV lamp is
continuously turned on, according to the temperature of the
evaporator sensed by the temperature sensor; and a controller
for controlling the turn on/off of the UV lamp according to the
mode set by the mode selection switch, after the engine start
detector detects the vehicle start-up, wherein the controller
turns on/offthe UV lamp according to temperature changes of
the surface of the evaporator, sensed by the temperature sen-
sor, when the mode is set to the automatic mode, and continu-
ously turns on the UV lamp when the mode is set to the
continuous mode.

[0007] Preferably, the apparatus further includes: a timer
for measuring the vehicle operating time when the engine
start detector detects the engine starting. Here, the controller
turns on the UV lamp for a set time with operation of the
timer, and turns on/off the UV lamp according to the mode set
by the mode selection switch after the set time has elapsed.
[0008] Preferably, the controller continuously turns on the
UV lamp when the temperature of the periphery of the evapo-
rator, sensed by the temperature sensor, is equal to or greater
than 7° C. and turns oft the UV lamp when the temperature of
the periphery of the evaporator is less than 7° C., during the
automatic mode.

[0009] Preferably, the controller turns on the UV lamp
again for a certain period of time, when the vehicle engine is
turned off after the vehicle operating time exceeds the set
time, and then turn off the UV lamp.

[0010] Preferably, the apparatus furtherincludes: an optical
sensor for sensing whether the UV lamp is turned on, the
optical sensor being connected to the controller and installed
near the UV lamp; and an alarm lamp turned on/off under the
control of the controller, so as to indicate whether the UV
lamp is turned on according to a signal input to the controller
from the optical sensor.

[0011] Preferably, the controller turns on the alarm lamp
when the controller inputs a turn-on signal for the UV lamp
from the optical sensor in a state where the UV lamp is
supplied with power, and turns on/off the UV lamp when the
controller inputs a turn-off signal for the UV lamp from the
optical sensor in a state where the UV lamp is supplied with
power.

[0012] Preferably, the optical sensor comprises a photo-
diode that senses light from the UV lamp and transmits an
electrical signal to the controller.

[0013] Inaccordance with another exemplary embodiment
of the present invention, the present invention provides a
method for controlling an apparatus for sterilizing an evapo-
rator of an automotive HVAC system that has a UV lamp
situated at the periphery of the evaporator and a temperature
sensor, according to whether vehicle engine starts. The
method includes: a vehicle engine start determining step of
determining whether the vehicle engine starts; a lamp first
operating step of operating a timer to check the vehicle oper-
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ating time when the vehicle engine starts and turning on the
UV lamp to sterilize the evaporator first; a vehicle operating
time determining step of continuously turning on the UV
lamp until the vehicle operating time exceeds a set time after
the lamp first operating step; and a operating mode determin-
ing step of determining whether an automatic mode is per-
formed or a continuous mode is performed if the vehicle
operating time has exceeded the set time determined at the
vehicle operating time determining step, wherein the auto-
matic mode is set to turn on/off the UV lamp, according to
temperature changes of the surface of the evaporator sensed
by the temperature sensor, and the continuous mode is set to
continuously turn on the UV lamp according to temperature
changes of the surface of the evaporator, sensed by the tem-
perature sensor.

[0014] Here, if the operating mode determining step is
determined as the automatic mode, the method further
includes: a first temperature sensing step of sensing the tem-
perature of the evaporator through the temperature sensor; a
first temperature determining step of determining whether the
temperature of the evaporator, sensed in the first temperature
sensing step, is equal to or greater than 7° C.; a lamp turning-
off step of turning off the UV lamp and returning to the first
temperature sensing step if the first temperature determining
step concludes that the temperature of the evaporator is less
than 7° C.; and a lamp second operating step of continuously
turning on the UV lamp if the first temperature determining
step concludes that the temperature of the evaporator is equal
to or greater than 7° C.

[0015] Preferably, the method further includes: a second
temperature sensing step of sensing the temperature of the
evaporator through the temperature sensor while the lamp
second operating step is performed; a second temperature
determining step of determining whether the temperature of
the evaporator is less than 5° C. after the second temperature
sensing step. Here, the lamp’s second operating step is per-
formed if the temperature of the evaporator is equal to or
greater than 5° C. Also, the lamp’s turn-off step is performed
and the first temperature sensing step is then performed, if the
temperature of the evaporator is less than 5° C.

[0016] Preferably, the method further includes: a lamp’s
third operation step of turning on the UV lamp for an addi-
tional set period of time and then turning it off if the vehicle
engine is turned off during the automatic mode after the
operation mode determining step.

[0017] Here, if the operating mode determining step is
determined as the continuous mode, the method further
includes: a lamp turn-on maintaining step of continuously
turning on the UV lamp at the lamp first operation step; a
vehicle engine turn-off determining step of determining
whether the vehicle engine is turned off after the lamp turn-on
maintaining step; performing the lamp turn-on maintaining
step if the vehicle engine turn-off determining step concludes
that the vehicle engine is turned on; and a lamp additional
operating step of turning on the UV lamp for an additional set
period of time and then turning it off.

Advantageous Effects

[0018] As described above, the apparatus for sterilizing an
evaporator of an automotive HVAC system and the control
method thereof, according to the present invention, can con-
trol the UV lamp in an automatic-control method using a
controller and sterilize the evaporator on which mold and
bacteria may multiply or grow, so that sterilized air can be
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supplied to the passenger compartment. Here, the sterilizing
apparatus and the control method thereof can efficiently con-
trol the UV lamp according to the temperature conditions of
the evaporator.

[0019] Furthermore, the apparatus for sterilizing an evapo-
rator of an automotive HVAC system and the control method
thereof can indicate whether the UV lamp is operating cor-
rectly or is malfunctioning, through an alarm lamp, thereby
enhancing the reliability and also informing users when the
UV lamp needs replacing.

[0020] In addition, the sterilizing apparatus according to
the present invention can be used in conjunction with the
control devices of automotive HVAC systems.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] The features and advantages of the present invention
will be more apparent from the following detailed description
in conjunction with the accompanying drawings, in which:
[0022] FIG. 1 is a schematic view depicting an automotive
heating, ventilating, and air-conditioning (HVAC) system
adapted to the present invention;

[0023] FIG. 2 is a schematic circuit block diagram illustrat-
ing an apparatus for sterilizing an evaporator of an automotive
HVAC system according to the present invention; and
[0024] FIG. 3 is a flow chart describing a control method of
the apparatus for sterilizing an evaporator of an automotive
HVAC system. according to the present invention.

BRIEF DESCRIPTION OF SYMBOLS IN THE

DRAWINGS
[0025] 30: outlet duct
[0026] 50: evaporator

[0027] 100: sterilizing apparatus
[0028] 110: controller

[0029] 120: oscillation transformer
[0030] 130: UV lamp

[0031] 140: temperature sensor
[0032] 150: mode selection switch
[0033] 160: engine start detector
[0034] 170: timer

[0035] 180: display unit

[0036] 181: alarm lamp

[0037] 190: optical sensor

BEST MODE FOR CARRYING OUT THE
INVENTION

[0038] Now, preferred embodiments of the present inven-
tion will be described in detail with reference to the accom-
panying drawings. FIG. 1 is a schematic view depicting an
automotive heating, ventilating, and air-conditioning
(HVAC) system adapted to the present invention. FIG. 2 is a
schematic circuit block diagram illustrating an apparatus for
sterilizing an evaporator of an automotive HVAC system
according to the present invention. FIG. 3 is a flow chart
describing a control method of the apparatus for sterilizing an
evaporator of an automotive HVAC system, according to the
present invention.

[0039] As shown in FIG. 1, the automotive HVAC system
includes: an inlet duct 10 located within an engine room for
receiving air from the outside or inside; a blower unit 20 in
flow communication with the inlet duct 10; an outlet duct 30
for directing a flow of air from the blower unit 20 to a pas-
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senger compartment; and a heater core 40 and an evaporator
50, which are located within the outlet duct 30.

[0040] The blower unit 20 includes a motor 21 and a blower
22. The motor 21 is controlled by a cooling/heating switch
(not shown) located inside the passenger compartment. The
outlet duct 30 is in flow communication with the outlet of the
blower 22 and with the passenger compartment. The outlet
duct 30 is configured in such a way that it is divided into two
branches at the blowing outlet 23, i.e., a cooling duct 31 and
a heating duct 32, and then the cooling duct 31 and heating
duct 32 are join together to form a united duct 33. Also, the
outlet duct 30 includes distributing ducts 34 for distributing a
flow of air to the passenger compartment.

[0041] The heater core 40, operated at a heating mode, is
located within the heating duct 32. The evaporator 50
included in the refrigerant circuit system is located within the
cooling duct 31. The air output from the blowing outlet 23
becomes either heated air or cooled air depending on whether
it passes through the heater core 40 or the evaporator 50, so
that heated or cooled air is supplied to the passenger compart-
ment. The selection of the heating mode or the cooling mode
is performed according to whether a hinge door 60 is opened
or closed under the control of a manipulating device (not
shown) located in the passenger compartment.

[0042] When the refrigerant circuit system is operated, the
evaporator 50 forms water droplets on its surface in the pro-
cess of heat exchange. The wet surface of the evaporator 50
allows foreign matters to adhere to the surface and this causes
mold and bacteria to multiply and grow.

[0043] The present invention is directed to prevent mold
and bacteria, etc. from multiplying and growing on the sur-
face of the evaporator 50 included in the refrigerant circuit
system, thereby exerting the sterilization and deodorization
processes.

[0044] Referring to FIG. 1 and FIG. 2, the apparatus for
sterilizing an evaporator of an automotive HVAC system 100,
according to the present invention, is hereinafter referred to as
a sterilizing apparatus. The sterilizing apparatus 100 is sup-
plied with power output from a vehicle battery 70. That is,
when the vehicle starts, the sterilizing apparatus 100 sterilizes
the evaporator 50 either periodically or continuously.

[0045] The sterilizing apparatus 100 includes: an engine
start detector 160 for detecting whether the vehicle engine has
started up; a timer 170 for measuring vehicle operating time;
a temperature sensor 140 for sensing the temperature of the
evaporator 50; a mode selection switch 150 for setting a
sterilizing mode; an ultraviolet (UV) lamp 130 installed to the
periphery of the evaporator 50; an oscillation transformer 120
for supplying power to the UV lamp 130; an optical sensor
190 for sensing whether the UV lamp 130 is turned on; and a
controller 110 for controlling the oscillation transformer 120
so that the UV lamp 130 can turn on/off, periodically or
continuously, to perform a sterilizing process. The respective
parts are described in detail below.

[0046] The engine start detector 160 is connected to the
controller 110, and detects whether the vehicle starts as the
engine start detector 160 is connected to the power line of the
key box, ignition-1 (IG-1), when the start key is turned to the
ON position. The operation principle of the engine start
detector 160 is perceived from the engine start process where
electric current flows from the vehicle battery 70 to the power
line (IG-1) when the start key is positioned at the ON position
and does not flow from the vehicle battery 80 to the power line
(IG-1) when the start key is positioned at the OFF position.
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The engine start detector 160 can be electrically connected to
the power line (IG-1) without modifying the compartment of
electronic equipment for vehicles.

[0047] The timer 170 is connected to the controller 110.
The timer 170 measures the vehicle operating time from the
point in time when the engine start detector 160 detects the
vehicle starting. That is, when the controller 110 inputs the
detection signal of the engine start detector 160, the timer 170
operates to measure the vehicle operating time.

[0048] The ultraviolet (UV) lamp 130 is situated in the
vicinity of the evaporator 50, located within the cooling duct
31, and sterilizes the evaporator 50. The UV lamp 130 is
operated by high voltage to which the oscillation transformer
120 converts 12 Volt DC supplied from the vehicle battery 70.
The UV lamp 130 emits UV light of approximately 180~450
nm which is a sufficient to sterilize the surface of the evapo-
rator 50 and to decompose various organic matters in the air
flowing through the cooling duct 31. The sterilizing process
will be described in detail later.

[0049] The optical sensor 190 serves to sense whether the
UV lamp 130 is turned on. In an embodiment of the present
invention, the optical sensor 190 is implemented by a photo-
diode that detects light emitted from the UV lamp 130 and
transmits an electrical signal to the controller 110. It is pref-
erable that the optical sensor 190 is installed near the UV
lamp 130 to easily sense the light from the UV lamp 130.
When the UV lamp 130 is turned on, the optical sensor 190
senses the light emitted from the UV lamp 130 and transmits
an electrical signal converted from the emitted light to the
controller 110. On the contrary, when the UV lamp 130 is
turned off, the optical sensor 190 transmits to the controller
110 a signal indicating that the UV lamp 190 is turned off. The
controller 110 controls the turning on/off of an alarm lamp
181, which will be described later, according to the input
signal from the optical sensor 190. The embodiment of the
present invention is implemented in such a way that the opti-
cal sensor 190 (for example, a photodiode) senses whether the
UV lamp 130 is turned on/off, however, it should be under-
stood that the detection of turning on/off of the UV lamp 120
can be achieved by other sensing elements, such as an illu-
mination sensor, etc.

[0050] The temperature sensor 140 is installed in the vicin-
ity of the evaporator 50 and senses the temperature of the
evaporator surface. The temperature sensor 140 senses the
temperature of the surface of the evaporator 50 at an auto-
matic mode, which will be described later, and transmits an
electrical signal to the controller 110. The controller 110
intermittently turns on/off the UV lamp 130 according to the
input electrical signal.

[0051] The mode selection switch 150 sets the UV lamp
130 to an automatic mode (step S60 in FIG. 3) or a continuous
mode (step 570 in Figure). In the automatic mode, the UV
lamp 130 is turned on/off according to the temperature of the
surface of the evaporator 50, which is sensed by the tempera-
ture sensor 140. In the continuous mode, the UV lamp 130 is
continuously turned on. Each time a user manipulates the
mode selection switch 150, it is operated to alternate between
the automatic mode and the continuous mode, which is pre-
viously programmed into the memory of the controller 110.
[0052] After sensing the engine start through the engine
start detector 160, the controller 110 controls the turning
on/off of the UV lamp 130 according to whether the auto-
matic mode (S60) or the continuous mode (S70) is set by the
mode selection switch 150. During the automatic mode of
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step S60, the controller 110 turns on/off the UV lamp 130
according to temperature changes of the surface of the evapo-
rator 50, sensed by the temperature sensor 140. However,
during the continuous mode (S70), the controller 110 con-
tinuously turns on the UV lamp 130.

[0053] The memory 111 of the controller 110 also stores a
program that continuously turns on the UV lamp 130 for a
certain period oftime, regardless of whether the mode is set or
not, to sterilize the evaporator 50 when the vehicle engine
starts up. The embodiment of the present invention is imple-
mented in such a way that the UV lamp is continuously turned
on for 5 minutes at the beginning and then enters a set mode,
so that it can sterilize the evaporator 50 on which mold and
bacteria may multiply and grow at a room temperature.
[0054] Thecontroller 110 also is connected to a display unit
180 (for example, an LCD) for displaying the operation mode
and time. In addition, the controller 110 is connected to an
oscillation transformer 120 that is supplied with power from
the vehicle battery 70 and supplies high power to the UV lamp
130. Since the oscillation transformer 120 has been described
in conjunction with the UV lamp 130, its detailed description
will be omitted below.

[0055] It is preferable that the display unit 180 is located in
the passenger compartment, so that a driver can easily moni-
tor its operating states. The display unit 180 includes an alarm
lamp 181 for indicating whether the UV lamp 130 is turned
on/off. In an embodiment of the present invention, the alarm
lamp 181 is implemented by an LED that is turned on/off
according to a signal from the optical sensor 190 to the con-
troller 110. That is, when inputting a signal, indicating that
the UV lamp 130 is turned on, from the optical sensor 190 in
a state where power is supplied to the UV lamp 130, the
controller 110 continuously turns on the alarm lamp 181. On
the contrary, when inputting a signal, indicating that the UV
lamp 130 is turned off, from the optical sensor 190 even
though power is supplied to the UV lamp 130, the controller
110 repeatedly turns on/off the alarm lamp 181. In that case,
the controller concludes that the UV lamp 130 has finished its
life span or is not operating properly. It is preferable that the
display unit 180 including the alarm lamp 181 is installed in
the passenger compartment so that a user can easily monitor
the state of the system. When power supplied to the UV lamp
130 is interrupted normally, the controller is programmed so
that it can turn off the alarm lamp 181 regardless of the input
signal of the optical sensor 190.

[0056] Through the alarm lamp 181 of the display unit 180
in the passenger compartment, the user can check whether the
UV lamp of the sterilizing apparatus 100, located within the
vehicle engine room, is operating normally.

[0057] In the following description, the control method of
the sterilizing apparatus will be explained, according to
whether the vehicle starts (operates), with reference to FIG. 3.
[0058] First, when a driver turns the key of a vehicle to the
ON position, the controller determines whether the vehicle
engine starts through the engine start detector 160 (S10).
[0059] When concluding that the vehicle engine starts at
step S10, the controller 110 operates the timer 170 to acquire
vehicle operating time information (S20). After that, the con-
troller 110 enables the UV lamp 130 to perform the lamp’s
first operation process (S30), in which the UV lamp 130
serves to sterilize the evaporator 50 that comprises the auto-
motive HVAC system. The UV lamp 130 is supplied with
power from the oscillation transformer 120. That is, when the
controller 110 concludes that the vehicle engine starts at step
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S10, it enables the oscillation transformer 120 to receive
power from the vehicle battery 70 and to function.

[0060] When the UV lamp 130 performs the first operation
at step S30, it emits UV light of the wavelength 180~450 nm,
which serves to sterilize bacteria and mold multiplying and
growing on the surface of the evaporator 50.

[0061] More specifically, when UV light is beamed onto the
surface of the evaporator 50, electrons and election holes are
formed thereon and accordingly hydroxy radical (—OH) and
superoxide which have strong oxidizing powers are formed.
The hydroxy radical and superoxide use the process of oxi-
dation to decompose organic compound into water and car-
bon dioxide. Therefore, when the UV lamp 130 is turned on,
potentially harmful matter around the evaporator 50 is con-
verted into harmless water and carbon dioxide. The UV light
of the UV lamp 130 can also use the oxidation process to
decompose airborne organic compounds, such as bacteria and
odor molecules. Therefore, the automotive HVAC system
according to the present invention can supply sterilized air to
the passenger compartment.

[0062] The first operation of the UV lamp of step S30 lasts
until the vehicle operating time exceeds a set time. That is,
while the first operation of the UV lamp is being performed,
the controller 110 determines whether the vehicle operating
time is greater than a set time through the timer 170 (S40).
When the controller 110 concludes that the vehicle operating
time exceeds a set time at step S40, it checks the mode set by
the mode selection switch 150 (which is called an operation
mode determining step) (S50).

[0063] Intheembodiment of the present invention, the time
is set at 5 minutes. According to the embodiment, after the
vehicle engine has started, when the UV lamp 130 turns on for
5 minutes, the UV light from the UV lamp 130 can sterilize
the entire surface of the evaporator 50. Although FIG. 3 does
not show this, when the vehicle engine is turned off before the
operation mode determining step of S50 is completed, the
controller 110 is programmed to proceed with the vehicle
start determining step of S10. This is because the vehicle
operating time is short and thus the degree of potentially
harmful substances on the surface of the evaporator 50 is low
and because the evaporator 50 has already been sterilized by
the UV lamp 130.

[0064] When the vehicle operating time exceeds 5 minutes
at step S40, the operation mode determining step is performed
at step S50. According to the mode set by the mode selection
switch 150 at step S50, an automatic mode is performed (S60)
or a continuous mode is performed (S70). In the automatic
mode, the UV lamp 130 is intermittently turned on/off
according to temperature changes in the evaporator 50. In the
continuous mode, the UV lamp 130 is continuously turned
on.

[0065] Regarding the automatic mode of step S60:

[0066] When a user sets the automatic mode through the
mode selection switch 150, the controller 110 concludes that
the operation mode is set to the automatic mode at step S50.
The temperature sensor 140 senses the temperature of the
evaporator 50 (which is called the first temperature sensing
process) (S61). The controller 110 determines whether the
temperature of the evaporator 50, sensed in the first tempera-
ture sensing process at step S61, is equal to or greater than 7°
C. (862). When the temperature of the evaporator 50, sensed
in the first temperature sensing process at step S61, is less
than 7° C. at step S62, the controller 110 turns off the UV
lamp 130 (S66) and then proceeds with the first temperature
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sensing process of step S61. On the contrary, when the tem-
perature of the evaporator 50, sensed in the first temperature
sensing process at step S61, is equal to or greater than 7° C. at
step S62, the controller 110 continuously turns on the UV
lamp 130 (which is called a lamp secondary operating pro-
cess) (S63).

[0067] More specifically, in order to achieve a temperature
of'less than 7° C. for the evaporator 50 as sensed in the first
temperature sensing process at step S62, the cooling unit of
the automotive HVAC system begins operating within 5 min-
utes of the vehicle operating time. When the temperature is
less than 7° C., bacteria and mold almost cease multiplying
and growing. Therefore, the controller 110 turns off the UV
lamp at step S66.

[0068] Inthe embodiment of the present invention, 7° C. is
selected as the reference temperature of the first temperature
determining process of step S62 because it is known that
bacteria and mold can multiply and grow at the periphery of
the evaporator 50 under temperature conditions equal to or
greater than 7° C.

[0069] When the temperature sensed in the first tempera-
ture process at S62 is equal to or greater than 7° C. the
controller 110 continuously operates the UV lamp 130 to
performs the lamp secondary operation process at step S63 in
which the UV light of the UV lamp 130 can further sterilize
the periphery of the evaporator 50. That is, when the tempera-
ture of the evaporator 50, sensed in the first temperature
process at S62, is equal to or greater than 7° C., the lamp
secondary operation process of step S63 is performed in such
away that power is continuously supplied to the UV lamp 130
that has been turned on in the lamp’s first operation process of
step S61.

[0070] After the lamp’s second operation process of step
S63, the temperature sensor 140 senses the temperature of the
evaporator 50, which is called a second temperature sensing
process (S64). The controller 110 determines whether the
temperature of the evaporator 50, sensed in the second tem-
perature sensing process of step S64, is less than 5° C., which
is called the second temperature determining process (S65).
[0071] When the temperature of the evaporator 50 is equal
to or greater than 5° C. at the second temperature determining
process of step S65, the controller 110 returns the procedure
to step S64. On the contrary, when the temperature of the
evaporator 50 is less than 5° C. at the second temperature
determining process of S65, the controller 110 turns off the
UV lamp at step S66 and then returns the procedure to step
S61. In order to bring the temperature of the evaporator 50 to
less than 5° C., as sensed in the second temperature sensing
process at step S65, the vehicle operating time should exceeds
5 minutes and the cooling unit of the automotive HVAC
system has to be operated for the required time period.
Although the evaporator 50 forms many water droplets on the
surface thereof, bacteria and mold almost cease to multiply
and grow on the evaporator surface at temperatures of less
than 7° C. Therefore, the controller 110 turns off the UV lamp
at step S66.

[0072] When the engine start detector 160 senses that the
vehicle engine has stopped during the automatic mode of S60,
the controller 110 turns on the UV lamp 130 again for a
certain period of time and then turns it off, which is called the
lamp’s third operation process (not shown in FIG. 3). Such an
operation is performed because: when the vehicle operating
time exceeds 5 minutes, the evaporator 50 will form many
water droplets on the surface thereof; and if the vehicle engine
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is stopped and the automotive HVAC system is also turned off
when the evaporator surface is wet, the wet evaporator surface
forms an environment where mold and bacteria can multiply
and grow.

[0073] When the vehicle engine is stopped after the vehicle
operating time exceeds 5 minutes, the UV lamp 130 is turned
on again for a certain period of time (10 minutes in an
embodiment of the present invention) and is then turned off.
That is, while the vehicle engine is stopped, the sterilizing
system of the present invention further operates the UV lamp
130 for 10 minutes, so that it can completely sterilize bacteria
and mold on the surface of the evaporator 50.

[0074] Regarding the continuous mode of step S70:
[0075] When a user sets the continuous mode through the
mode selection switch 150, the controller 110 concludes that
the operation mode is set to the continuous mode at step S50,
in which the UV lamp 130 is continuously turned on regard-
less of the temperature change of the evaporator 50. The
controller 110 continuously turns on the UV lamp 130 that
has been turned on at the lamp first operation process of step
S30, which is called a lamp turn-on maintaining process
(S71). After that, the controller 110 determines whether the
vehicle engine is stopped through the engine start detector
160, which is called a vehicle engine turn-oft determining
process (S72). When concluding that the vehicle engine is
stopped at step S72, the controller 110 turns on the UV lamp
130 again for a certain period of time and then turns it off,
which is called the lamp’s additional operation process (S73).
[0076] While the engine is operating, the periphery of the
evaporator 50 is continuously sterilized during the continuous
mode of'step S70. When the controller 110 concludes that the
vehicle engine starts at the vehicle engine turn-off determin-
ing process of step S72, the lamp turn-on maintaining process
of step S71 is continuously maintained.

[0077] The lamp additional operation process of step S73 is
the same as the lamp third operation process of the automatic
mode of step S60. When the vehicle engine is stopped after
the vehicle operating time exceeds 5 minutes, the UV lamp
130 is turned on for a certain period of time (10 minutes in an
embodiment of the present invention) and is then turned off.
Therefore, after the vehicle engine is stopped, the sterilizing
apparatus of the present invention turns on the UV lamp 130
again for 10 minutes. so that the UV lamp 130 can irradiate
UV light to the evaporator 50 and completely sterilize bacte-
ria and mold on the surface of the evaporator 50.

[0078] As such, the sterilizing apparatus of the present
invention can completely sterilize the periphery of the evapo-
rator 50 before the vehicle operating time exceeds 5 minutes.
Also, although the vehicle engine has stopped, the sterilizing
apparatus can sterilize the evaporator 50 and the periphery of
the evaporator 50. Although the cooling unit is operated
immediately after the vehicle engine starts, the sterilizing
apparatus can supply fresh air to the passenger compartment.
Also, when the automatic mode of step S60 or the continuous
mode of step S70 is performed to operate the UV lamp 130
during the vehicle operation, various organic matters, con-
tained in the air flowing through the periphery of the evapo-
rator 50 and the cooling duct 31, are decomposed, so that the
air in the passenger compartment is always pleasant and
fresh.

[0079] When the controller supplies power to the UV lamp
130 through the oscillation transformer regardless of whether
it is set to the automatic mode/continuous mode, it can con-
tinuously turn on the alarm lamp 181 by inputting the turn-on
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signal of the UV lamp 130, sensed through the optical sensor
190. Therefore, the vehicle driver can see that the UV lamp
130 is working normally through the continuously turned on
the alarm lamp 181. On the contrary, although power is sup-
plied to the UV lamp 130 regardless of the automatic mode/
continuous mode, when the UV lamp 130 does not irradiate
and thus a turn-oft signal of the UV lamp 130 is input to the
controller 110, the controller 110 repeatedly turns on/off of
the alarm lamp 181. Inthat case, the vehicle driver can see that
the UV lamp 130 has finished its life span or has malfunc-
tioned, and then take necessary action, such as replacing the
UV lamp 130.

[0080] Although the preferred embodiments of the present
invention have been disclosed for illustrative purposes, those
skilled in the art will appreciate that various modifications,
additions and substitutions are possible, without departing
from the scope and spirit of the invention as disclosed in the
accompanying claims.

INDUSTRIAL APPLICABILITY

[0081] The present invention can be widely applied to the
application fields related to sterilizers including the steriliz-
ing apparatus in which the evaporators of automotive HVAC
systems can be sterilized using a UV lamp and thus purified
air can be supplied to the passenger compartment.

1. An apparatus for sterilizing an evaporator of an automo-
tive heating, ventilating and air-conditioning (HVAC) system
depending on whether vehicle engine starts, the apparatus
comprising:

an engine start detector for detecting whether a vehicle
engine starts as the engine start detector is connected to
a power line of ignition-1 (IG-1) necessary for the
engine start up;

an ultraviolet (UV) lamp that is installed adjacent to the
evaporator and supplied with power output from a
vehicle battery;

a temperature sensor installed adjacent to the evaporator
for sensing the temperature of evaporator;

a mode selection switch for setting an automatic mode in
which the UV lamp is turned on/off or a continuous
mode in which the UV lamp is continuously turned on,
according to the temperature of the evaporator sensed by
the temperature sensor; and

a controller for controlling the turn on/off of the UV lamp
according to the mode set by the mode selection switch,
after the engine start detector detects the vehicle start-
up, wherein the controller turns on/oft the UV lamp
according to temperature changes of the surface of the
evaporator, sensed by the temperature sensor, when the
mode is set to the automatic mode, and continuously
turns on the UV lamp when the mode is set to the con-
tinuous mode.

2. The apparatus according to claim 1, further comprising:

a timer for measuring the vehicle operating time when the
engine start detector detects the engine starting,

wherein the controller turns on the UV lamp for a set time
with operation of the timer, and turns on/off the UV lamp
according to the mode set by the mode selection switch
after the set time has elapsed.

3. The apparatus according to claim 1, wherein the control-
ler continuously turns on the UV lamp when the temperature
of'the periphery of the evaporator, sensed by the temperature
sensor, is equal to or greater than 7° C. and turns off the UV
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lamp when the temperature of the periphery of the evaporator
is less than 7° C., during the automatic mode.

4. The apparatus according to claim 2, wherein the control-
ler turns on the UV lamp again for a certain period of time,
when the vehicle engine is turned off after the vehicle oper-
ating time exceeds the set time, and then turn oft the UV lamp.

5. The apparatus according to claim 1, further comprising:

anoptical sensor for sensing whether the UV lamp is turned

on, the optical sensor being connected to the controller
and installed near the UV lamp; and

an alarm lamp turned on/off under the control of the con-

troller, so as to indicate whether the UV lamp is turned
on according to a signal input to the controller from the
optical sensor.

6. The apparatus according to claim 5, wherein the control-
ler turns on the alarm lamp when the controller inputs a
turn-on signal for the UV lamp from the optical sensor in a
state where the UV lamp is supplied with power, and turns
on/off the UV lamp when the controller inputs a turn-off
signal for the UV lamp from the optical sensor in a state where
the UV lamp is supplied with power.

7. The apparatus according to claim 5, wherein the optical
sensor comprises a photodiode that senses light from the UV
lamp and transmits an electrical signal to the controller.

8. A method for controlling an apparatus for sterilizing an
evaporator of an automotive HVAC system that has a UV
lamp situated at the periphery of the evaporator and a tem-
perature sensor, according to whether vehicle engine starts,
the method comprising:

a vehicle engine start determining step of determining

whether the vehicle engine starts;

a lamp first operating step of operating a timer to check the
vehicle operating time when the vehicle engine starts
and turning on the UV lamp to sterilize the evaporator
first;

a vehicle operating time determining step of continuously
turning on the UV lamp until the vehicle operating time
exceeds a set time after the lamp first operating step; and

a operating mode determining step of determining whether
an automatic mode is performed or a continuous mode is
performed if the vehicle operating time has exceeded the
set time determined at the vehicle operating time deter-
mining step, wherein the automatic mode is set to turn
on/off the UV lamp, according to temperature changes
of the surface of the evaporator sensed by the tempera-
ture sensor, and the continuous mode is set to continu-
ously turn on the UV lamp according to temperature
changes of the surface of the evaporator, sensed by the
temperature sensor.

9. The method according to claim 8, wherein, if the oper-

ating mode determining step is determined as the automatic
mode, the method further comprises:

a first temperature sensing step of sensing the temperature
of the evaporator through the temperature sensor;

a first temperature determining step of determining
whether the temperature of the evaporator, sensed in the
first temperature sensing step, is equal to or greater than
7°C.;

a lamp turning-off step of turning off the UV lamp and
returning to the first temperature sensing step if the first
temperature determining step concludes that the tem-
perature of the evaporator is less than 7° C.; and
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a lamp second operating step of continuously turning on
the UV lamp if the first temperature determining step
concludes that the temperature of the evaporator is equal
to or greater than 7° C.

10. The method according to claim 9, further comprising:

a second temperature sensing step of sensing the tempera-
ture of the evaporator through the temperature sensor
while the lamp second operating step is performed;

a second temperature determining step of determining
whether the temperature of the evaporator is less than 5°
C. after the second temperature sensing step,

wherein: the lamp’s second operating step is performed if
the temperature of the evaporator is equal to or greater
than 5° C.; and the lamp’s turn-off step is performed and
the first temperature sensing step is then performed, if
the temperature of the evaporator is less than 5° C.

11. The method according to claim 8, further comprising:

alamp’s third operation step of turning on the UV lamp for
an additional set period of time and then turning it off if
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the vehicle engine is turned off during the automatic
mode after the operation mode determining step.

12. The method according to claim 8, wherein, if the oper-
ating mode determining step is determined as the continuous
mode, the method further comprises:

alamp turn-on maintaining step of continuously turning on
the UV lamp at the lamp first operation step;

a vehicle engine turn-off determining step of determining
whether the vehicle engine is turned off after the lamp
turn-on maintaining step;

performing the lamp turn-on maintaining step ifthe vehicle
engine turn-off determining step concludes that the
vehicle engine is turned on; and

a lamp additional operating step of turning on the UV lamp

for an additional set period of time and then turning it
off.
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