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FIG. 3
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FIG. 5
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FIG. 6
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HEAT PUMP SYSTEM FOR VEHICLE AND
METHOD OF CONTROLLING THE SAME

This application is a division of U.S. patent application
Ser. No. 13/781,979 filed Mar. I, 2013, pending, which
claims priority from Korean Patent Application Nos.
10-2012-0022251 filed Mar. 5, 2012, 10-2012-0022252 filed
Mar. 5, 2012, 10-2012-0022259 filed Mar. 5, 2012, and
10-2012-0022261 filed Mar. 5, 2012, each of which is
incorporated herein by reference in its entirety for all pur-
poses.

BACKGROUND OF THE INVENTION

Field of the Invention
The present invention relates to a heat pump system for a

vehicle and a method of controlling the same, and more
particularly, to a heat pump system for a vehicle and a
method of controlling the heat pump system, which deter-
mines that frosting begins on an exterior heat exchanger and
carries out a defrosting control if a difl'erence value between
outdoor temperature and refrigerant temperature of an outlet
side of the exterior heat exchanger is above a frosting
decision temperature in a heat pump mode.

Background Art
In general, an air conditioner for a vehicle includes a

cooling system for cooling the interior of the vehicle and a
heating system for heating the interior of the vehicle. At an
evaporator side of a refrigerant cycle, the cooling system
converts air into cold air by heat-exchanging the air passing
outside an evaporator with refrigerant flowing inside the
evaporator so as to cool the interior of the vehicle. At a
heater core side of a cooling water cycle, the heating system
convers air into warm air by heat-exchanging the air passing
outside the heater core with cooling water flowing inside the
heater core so as to heat the interior of the vehicle.

In the meantime, diflerently from the air conditioner for
the vehicle, a heat pump system which can selectively carry
out cooling and heating by converting a flow direction of
refrigerant using one refrigerant cycle has been applied. For
instance, the heat pump system includes two heat exchang-
ers: one being an interior heat exchanger mounted inside an
air-conditioning case for heat-exchanging with air blown to
the interior of the vehicle; and the other one being an
exterior heat exchanger for heat-exchanging outside the
air-conditioning case, and a direction-adjustable valve for
changing a flow direction of refrigerant. Therefore, accord-
ing to the flow direction of the refrigerant by the direction-
adjustable valve, the interior heat exchanger serves as a heat
exchanger for cooling when the cooling mode is operated,
and serves as a heat exchanger for heating when the heating
mode is operated.

Various kinds of the heat pump system for the vehicle
have been proposed, and FIG. 1 illustrates a representative
example of the heat pump system for the vehicle.

As shown in FIG. 1, the heat pump system for the vehicle
includes: a compressor 30 for compressing and discharging
refrigerant; a high-pressure side heat exchanger 32 for
radiating heat of the refrigerant discharged from the com-
pressor 30; a first expansion valve 34 and a first bypass valve
36 mounted in parallel for selectively passing the refrigerant
passing through the high-pressure side heat exchanger 32; an
exterior heat exchanger 4S for heat-exchanging the refrig-
erant passing through the first expansion valve 34 or the first
bypass valve 36 outdoors; a low-pressure side heat
exchanger 60 for evaporating the refrigerant passing through
the exterior heat exchanger 4S; an accumulator 62 for
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dividing the refrigerant passing through the low-pressure
side heat exchanger 60 into a gas-phase refrigerant and a
liquid-phase refrigerant; an interior heat exchanger 50 for
heat-exchanging refrigerant supplied to the low-pressure
side heat exchanger 60 with refrigerant returning to the
compressor 30; a second expansion valve 56 for selectively
expanding the refrigerant supplied to the low-pressure side
heat exchanger 60; and a second bypass valve 5S mounted
in parallel with the second expansion valve 56 for selec-
tively connecting an outlet side of the exterior heat
exchanger 4S and an inlet side of the accumulator 62.

In FIG. 1, the reference numeral 10 designates an air-
conditioning case in which the high-pressure side heat
exchanger 32 and the low-pressure side heat exchanger 60
are embedded, the reference numeral 12 designates a tem-
perature-adjustable door for controlling a mixed amount of
cold air and warm air, and the reference numeral 20 desig-
nates a blower mounted at an inlet of the air-conditioning
case.

According to the heat pump system having the above
structure, when a heat pump mode (heating mode) is oper-
ated, the first bypass valve 36 and the second expansion
valve 56 are closed, and the first expansion valve 34 and the
second bypass valve 5S are opened. Moreover, the tempera-
ture-adjustable door 12 is operated as shown in FIG. 1.
Accordingly, the refrigerant discharged from the compressor
30 passes through the high-pressure side heat exchanger 32,
the first expansion valve 34, the exterior heat exchanger 4S,
a high pressure side 52 of the interior heat exchanger 50, the
second bypass valve 5S, the accumulator 62, and a low
pressure side 54 of the interior heat exchanger 50 in order,
and then, is returned to the compressor 30. That is, the
high-pressure side heat exchanger 32 serves as a heater and
the exterior heat exchanger 4S serves as an evaporator.

When an air-conditioning mode (cooling mode) is oper-
ated, the first bypass valve 36 and the second expansion
valve 56 are opened, and the first expansion valve 34 and the
second bypass valve 5S are closed. Furthermore, the tem-
perature-adjustable door 12 closes a passage of the high-
pressure side heat exchanger 32. Therefore, the refrigerant
discharged from the compressor 30 passes through the
high-pressure side heat exchanger 32, the first bypass valve
36, the exterior heat exchanger 4S, the high pressure side 52
of the interior heat exchanger 50, the second expansion
valve 56, the low-pressure side heat exchanger 60, the
accumulator 62, and the low pressure side 54 of the interior
heat exchanger 50 in order, and then, is returned to the
compressor 30.That is, the low-pressure side heat exchanger
360 serves as an evaporator and the high-pressure side heat
exchanger 32 closed by the temperature-adjustable door 12
serves as a heater in the same with the heat pump mode.

However, in the heat pump mode (heating mode), the
conventional heat pump system for the vehicle carries out
heating because the high-pressure side heat exchanger 32
serves as a heater, and the exterior heat exchanger 4S is
mounted outside the air-conditioning case 10, namely, at the
front side of an engine room of the vehicle, and serves as an
evaporator for heat-exchanging with the outdoor air.

In this instance, temperature of the refrigerant introduced
into the exterior heat exchanger 4S lowers below the freez-
ing point while the refrigerant heat-exchanges with the
outdoor air, so that frosting begins on the surface of the
exterior heat exchanger 4S.

If frosting on the surface of the exterior heat exchanger 4S
is expanded continuously, because the exterior heat
exchanger 4S cannot absorb heat, temperature and pressure
of the refrigerant inside the system lower, and hence, the
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heating performance is remarkably reduced since tempera-
ture of air discharged to the interior of the vehicle lowers,
and stability of the system is also decreased due to intro-

duction of liquid refrigerant into the compressor.

SUMMARY OF THE INVENTION

Accordingly, the present invention has been made to solve
the above-mentioned problems occurring in the prior arts,
and it is an object of the present invention to provide a heat

pump system for a vehicle and a method of controlling the
heat pump system, which determines that frosting begins on
an exterior heat exchanger and carries out a defrosting
control if a diflerence value between outdoor temperature
and refrigerant temperature of an outlet side of the exterior
heat exchanger is above a frosting decision temperature in a
heat pump mode, thereby increasing frost-prevention and
defrosting efl'ects and enhancing heating performance and
stability of the system because the system recognizes the
beginning of frosting on the exterior heat exchanger at a

proper time so as to carry out the defrosting control.
To achieve the above objects, the present invention pro-

vides a heat pump system for a vehicle comprising: a
compressor mounted on a refrigerant circulation line for
compressing and discharging refrigerant; an interior heat
exchanger mounted inside an air-conditioning case for
exchanging heat between the air inside the air-conditioning
case and the refrigerant discharged from the compressor; an
evaporator mounted inside the air-conditioning case for
exchanging heat between the air inside the air-conditioning
case and the refrigerant supplied to the compressor; an
exterior heat exchanger mounted outside the air-condition-
ing case for exchanging heat between the refrigerant circu-
lating through the refrigerant circulation line and the outdoor
air; first expansion means mounted on the refrigerant circu-
lation line of an inlet side of the evaporator for expanding
refrigerant; second expansion means mounted on the refrig-
erant circulation line located between the interior heat
exchanger and the exterior heat exchanger for expanding
refrigerant; and a controlling part for controlling the heat
pump system to defrost after determining that frosting is
formed on the external heat exchanger if a diflerence value
between outdoor temperature and refrigerant temperature of
an outlet side of the exterior heat exchanger is above a
frosting decision temperature in a heat pump mode.

In another aspect of the present invention, the present
invention provides a method of controlling a heat pump
system for a vehicle comprising the steps of: determining
whether or not the heat pump system is in a heat pump mode;
as the determination result of the step, when the system is in
the heat pump mode, determining whether or not a difl'er-

ence value between outdoor temperature and refrigerant
temperature of an outlet side of the exterior heat exchanger
is above a frosting decision temperature; and as the deter-
mination result of the step, when the difl'erence value is
above the frosting decision temperature, controlling the heat

pump system to defrost after determining that frosting is
formed on an external heat exchanger.

In the heat pump mode, if the diflerence value between
outdoor temperature and refrigerant temperature of the out-
let side of the exterior heat exchanger is above the frosting
decision temperature, the present invention decides that
frosting begins on an exterior heat exchanger and carries out
the defrosting control, thereby increasing frost-prevention
and defrosting eflects and enhancing heating performance
and stability of the system because the system recognizes the
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beginning of frosting on the exterior heat exchanger at a
proper time so as to carry out the defrosting control.

Moreover, the present invention variably sets the frosting
decision temperature by outdoor temperature and judges
frosting of the exterior heat exchanger so as to judge frosting
by outdoor temperature with a high accuracy.

Furthermore, if the difl'erence value (AT) is above the
frosting decision temperature, the present invention addi-
tionally judges a waste heat of electronic units of the vehicle,
refrigerant pressure of the inlet side of the exterior heat
exchanger, or a decrease range of discharge air temperature
of the interior of the vehicle and uses it in determining
frosting on the exterior heat exchanger so as to increase
accuracy more in determination of frosting on the exterior
heat exchanger and enhance frost-prevention and defrosting
eflects.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, features and advantages of
the present invention will be apparent from the following
detailed description of the preferred embodiments of the
invention in conjunction with the accompanying drawings,
in which:

FIG. 1 is a configurative diagram of a heat pump system
for a vehicle according to a prior art;

FIG. 2 is a configurative diagram of an air-conditioning
mode of a heat pump system for a vehicle according to the
present invention;

FIG. 3 is a configurative diagram of a first heating mode
of a heat pump mode of the heat pump system for the vehicle
according to the present invention;

FIG. 4 is a configurative diagram of a dehumidification
mode during an operation in the first heating mode of the
heat pump mode of the heat pump system;

FIG. 5 is a configurative diagram of a second heating
mode of a heat pump mode of the heat pump system for the
vehicle according to the present invention;

FIG. 6 is a configurative diagram of a dehumidification
mode during an operation in the second heating mode of the
heat pump mode of the heat pump system;

FIG. 7 is a graph showing refrigerant temperature of inlet
and outlet sides of an external heat exchanger, refrigerant
pressure and temperature of a discharge port of a compres-
sor, refrigerant temperature of an outlet side of an outdoor
temperature-exterior heat exchanger, and discharge air tem-
perature of the interior of the vehicle when the outdoor
temperature is O' C.;

FIG. S is a graph showing the case that frosting decision
temperature is variably set by outdoor temperature in the
heat pump system for the vehicle according to the present
invention; and

FIGS. 9 to 12 are flow charts showing various preferred
embodiments of a method of controlling the heat pump
system for the vehicle according to the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

Reference will be now made in detail to the preferred
embodiment of the present invention with reference to the
attached drawings.

First, a heat pump system for a vehicle according to the
present invention is composed of a compressor 100, an
interior heat exchanger 110, second expansion means 120,
an exterior heat exchanger 130, first expansion means 140,
and an evaporator 160 which are connected on a refrigerant
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circulation line (R) in order, and is preferably applied to
electric vehicles or hybrid vehicles.

Moreover, on the refrigerant circulation line (R), a first

bypass line (R1) bypassing the first expansion means 140
and the evaporator 160, a second bypass line (R2) bypassing
the exterior heat exchanger 130, and an expansion line (R3)
on which the second expansion means 120 is mounted are
respectively connected in parallel. A first direction changing
valve 191 is mounted at a branching point of the first bypass
line (R1), a second direction changing valve 192 is mounted
at a branching point of the second bypass line (R2), and a
third direction changing valve 193 is mounted at a branching

point of the expansion line (R3).
Furthermore, a branching line (R4) is mounted for con-

necting the refrigerant circulation line (R) of an outlet side
of the first expansion means 140 and the first bypass line

(R1) with each other, and a ON-OFF valve 195 is mounted
on the branching line (R4).

Therefore, in an air-conditioning mode, as shown in FIG.
2, the refrigerant discharged from the compressor 100 cir-
culates through the interior heat exchanger 110, the exterior
heat exchanger 130, the first expansion means 140, the
evaporator 160, and the compressor 100 in order, and in this
instance, the interior heat exchanger 110 serves as a con-
denser and the evaporator 160 serves as an evaporator.

Meanwhile, the exterior heat exchanger 130 also serves as
a condenser like the interior heat exchanger 110.

In a heat pump mode (first heating mode), as shown in
FIG. 3, the refrigerant discharged from the compressor 100
circulates through the interior heat exchanger 110, the sec-
ond expansion means 120, the exterior heat exchanger 130,
the first bypass line (R1), and the compressor 100 in order,
and in this instance, the interior heat exchanger 110 serves
as a condenser and the exterior heat exchanger 130 serves as
an evaporator. The refrigerant is not supplied to the first
expansion means 140 and the evaporator 160.

As described above, the heat pump system according to
the present invention can communize the refrigerant circu-
lation line (R) because circulation directions of refrigerant in
the air-conditioning mode and the in the heat pump mode are
the same, prevent stagnation of refrigerant which is gener-
ated when the refrigerant does not flow, and simplify the
refrigerant circulation line (R).

In addition, in the present invention, the heat pump mode
can be diversified like a first heating mode, a second heating
mode, and a dehumidification mode. Furthermore, in such a
heat pump mode, when frosting begins on the external heat
exchanger 130, the system carries out a defrosting control
through a controlling part (not shown), which will be
described later.

Moreover, when the outdoor temperature is above the
reference temperature, the first heating mode of the heat
pump mode is carried out, but when the outdoor temperature
is below the reference temperature, the second heating mode
of the heat pump mode is carried out.

Here, when the outdoor temperature is above O' C. (above
zero), the first heating mode is carried out, but when the
outdoor temperature is below O' C. (below zero), the second
heating mode is carried out.

Of course, the reference temperature of the outdoor tem-
perature to divide the heat pump mode into the first heating
mode and the second heating mode is not limited to O' C.,
and may be changed according to purposes.

Furthermore, the dehumidification mode is carried out
when a user wants to dehumidify the interior of the vehicle
in the first and second heating modes.
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Hereinafter, components of the heat pump system for the
vehicle according to the present invention will be described
in detail.

First, the compressor 100 mounted on the refrigerant
circulation line (R) inhales and compresses refrigerant while
operating by receiving a driving force from a driving source
(an internal combustion engine, a motor, or others), and
then, discharges the refrigerant in a gas phase of high-
temperature and high-pressure.

The compressor 100 inhales and compresses the refrig-
erant discharged from the evaporator 160 and supplies to the
interior heat exchanger 110 in the air-conditioning mode,
and inhales and compresses the refrigerant discharged from
the exterior heat exchanger 130 and passing through the first
bypass line (R1) and supplies to the interior heat exchanger
110 in the heat pump mode.

Additionally, in the dehumidification mode of the heat

pump mode, because refrigerant is simultaneously supplied
to the first bypass line (R1) and the evaporator 160 through
the branching line (R4), the compressor 100 inhales and
compresses the refrigerant which is joined after passing
through the first bypass line (R1) and the evaporator 160,
and then, supplies the compressed refrigerant to the interior
heat exchanger 110.

The interior heat exchanger 110 is mounted inside the
air-conditioning case 150 and connected with the refrigerant
circulation line (R) of the outlet side of the compressor 100
so as to heat-exchange air flowing inside the air-condition-
ing case 150 with the refrigerant discharged from the com-
pressor 100.

Furthermore, the evaporator 160 is mounted inside the
air-conditioning case 150 and connected with the refrigerant
circulation line (R) of the inlet side of the compressor 100
so as to heat-exchange the air flowing inside the air-condi-
tioning case 150 with the refrigerant supplied to the com-
pressor 100.

The interior heat exchanger 110 serves as a condenser all
in the air-conditioning mode and the heat pump mode.

The evaporator 160 serves as an evaporator in the air-
conditioning mode, is stopped in the first and second heating
modes of the heat pump mode because refrigerant is not
supplied, and serves as the evaporator in the dehumidifica-
tion mode because some of the refrigerant is supplied.

In this instance, the evaporator 160 in the dehumidifica-
tion mode becomes less efficient than the evaporator 160 in
the air-conditioning mode.

Additionally, the interior heat exchanger 110 and the
evaporator 160 are spaced apart from each other at a
predetermined interval inside the air-conditioning case 150,
and in this instance, the evaporator 160 and the interior heat
exchanger 110 are mounted in order from the upstream side
of an air flow direction inside the air-conditioning case 150.

Accordingly, in the air-conditioning mode that the evapo-
rator 160 serves as an evaporator, as shown in FIG. 2, the
refrigerant of low-temperature and low-pressure discharged
from the first expansion means 140 is supplied to the
evaporator 160, and in this instance, the air flowing inside
the air-conditioning case 150 through the blower (not
shown) is converted into cold air by exchanging heat with
the refrigerant of low-temperature and low-pressure of the
evaporator 160 while passing through the evaporator 160,
and then, is discharged to the interior of the vehicle to
thereby cool the interior of the vehicle.

In the heat pump mode (first heating mode) that the
interior heat exchanger 110 serves as a condenser, as shown
in FIG. 3, the refrigerant of high-temperature and high-
pressure discharged from the compressor 100 is supplied to
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the interior heat exchanger 110, and in this instance, the air
flowing inside the air-conditioning case 150 through the
blower (not shown) is converted into warm air by exchang-
ing heat with the refrigerant of high-temperature and high-
pressure of the interior heat exchanger 110 while passing
through the interior heat exchanger 110, and then, is dis-
charged to the interior of the vehicle to thereby heat the
interior of the vehicle.

In the meantime, it is preferable that the evaporator 160
is larger than the interior heat exchanger 110.

Moreover, a temperature-adjustable door 151 for adjust-
ing an amount of air bypassing the interior heat exchanger
110 and an amount of air passing through the interior heat
exchanger 110 is mounted between the evaporator 160 and
the interior heat exchanger 110 inside the air-conditioning
case 150.

The temperature-adjustable door 151 adjusts the amount
of the air bypassing the interior heat exchanger 110 and the
amount of the air passing through the interior heat exchanger
110 to thereby properly control temperature of the air
discharged from the air-conditioning case 150.

In this instance, in the air-conditioning mode, as shown in
FIG. 2, when a front side passage of the interior heat
exchanger 110 is completely closed by the temperature-
adjustable door 151,because the cold air passing through the
evaporator 160 bypasses the interior heat exchanger 110and
is supplied to the interior of the vehicle, the maximum
heating is carried out. In the heat pump mode (first heating
mode), as shown in FIG. 3, when a passage bypassing the
interior heat exchanger 110 is completely closed by the
temperature-adjustable door 151, because all of the air is
converted into warm air while passing through the interior
heat exchanger 110 serving as the condenser and the warm
air is supplied to the interior of the vehicle, the maximum
heating is carried out.

Furthermore, the exterior heat exchanger 130 is mounted
outside the air-conditioning case 150 and connected with the
refrigerant circulation line (R) so as to exchange heat
between the refrigerant circulating the refrigerant circulation
line (R) and the outdoor air.

Here, the exterior heat exchanger 130 is mounted at the
front side of an engine room of the vehicle to exchange heat
between the refrigerant flowing inside the exterior heat
exchanger 130 and the outdoor air.

In the air-conditioning mode, the exterior heat exchanger
130 serves as a condenser like the interior heat exchanger
110, and in this instance, the refrigerant of high-temperature
and high-pressure flowing inside the exterior heat exchanger
130 is condensed while heat-exchanging with the outdoor
air. In the heat pump mode (first heating mode), the exterior
heat exchanger 130 serves as an evaporator difl'erently from
the interior heat exchanger 110, and in this instance, refrig-
erant of low-temperature flowing inside the exterior heat
exchanger 130 is evaporated while heat-exchanging with the
outdoor air.

Additionally, the first expansion means 140 is mounted on
the refrigerant circulation line (R) of the inlet side of the
evaporator 160 and expands the refrigerant supplied to the
evaporator 160.

In other words, in the air-conditioning mode, the first
expansion means 140 expands the refrigerant discharged
from the exterior heat exchanger 130 to make it in a liquid
phase (wet saturated state) of low-temperature and low-
pressure, and then, supplies the expanded refrigerant to the
evaporator 160.

It is preferable that the first expansion means 140 has an
expansion valve, but may have an orifice.
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Moreover, the second expansion means 120 is mounted
on the refrigerant circulation line (R) between the interior
heat exchanger 110 and the exterior heat exchanger 130 so
as to selectively expand the refrigerant supplied to the
exterior heat exchanger 130 according to the air-condition-

ing mode or the heat pump mode.
The second expansion means 120 is mounted on the

expansion line (R3) connected in parallel with the refriger-
ant circulation line (R) between the interior heat exchanger
110 and the exterior heat exchanger 130.

Here, it is preferable that the second expansion means 120
has an orifice 121, but may have an expansion valve.

Furthermore, at the branching point of the expansion line

(R3) and the refrigerant circulation line (R), mounted is the
third direction changing valve 193 for changing a flow

direction of the refrigerant so that the refrigerant passing
through the interior heat exchanger 110 passes the second
expansion means 120 through the expansion line (R3) or
bypasses the second expansion means (120) according to the
air-conditioning mode or the heat pump mode.

Therefore, in the air-conditioning mode, the refrigerant
discharged from the compressor 100 and passing through the
interior heat exchanger 110 bypasses the second expansion
means 120 and is supplied to the exterior heat exchanger 130
by the third direction changing valve 193. In the heat pump
mode (first heating mode), the refrigerant discharged from
the compressor 100 and passing through the interior heat
exchanger 110 is expanded while passing through the expan-
sion line (R3) and the second expansion means 120 and is
supplied to the exterior heat exchanger 130 by the third
direction changing valve 193.

Additionally, the first bypass line (R1) is mounted in such
a way as to connect the refrigerant circulation line (R) of the
inlet side of the first expansion means 140 and the refrigerant
circulation line (R) of the outlet side of the evaporator 160
with each other, so that the refrigerant circulating through
the refrigerant circulation line (R) selectively bypasses the
first expansion means 140 and the evaporator 160.

As shown in the drawings, the first bypass line (R1) is
arranged in parallel with the first expansion means 140 and
the evaporator 160. That is, the inlet side of the first bypass
line (R1) is connected with the refrigerant circulation line

(R) which connects the exterior heat exchanger 130 and the
first expansion means 140 with each other, and the outlet
side is connected with the refrigerant circulation line (R)
which connects the evaporator 160 and the compressor 100
with each other.

As a result, in the air-conditioning mode, the refrigerant
passing through the interior heat exchanger 130 flows
toward the first expansion means 140 and the evaporator
160, but, in the heat pump mode (first heating mode), the
refrigerant passing through the exterior heat exchanger 130
directly flows toward the compressor 100 through the first
bypass line (R1) and bypasses the first expansion means 140
and the evaporator 160.

Here, the change in flow direction of the refrigerant
according to the air-conditioning mode and the heat pump
mode is achieved by the first direction changing valve 191.

The first direction changing valve 191 is mounted at a
branching point of the first bypass line (R1) and the refrig-
erant circulation line (R) so as to change the flow direction
of the refrigerant in such a manner that the refrigerant
passing through the exterior heat exchanger 130 flows
toward the first bypass line (R1) or the first expansion means
140 according to the air-conditioning mode or the heat pump
mode.
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In this instance, in the air-conditioning mode, the first
direction changing valve 191 changes the flow direction of
the refrigerant in such a manner that the refrigerant dis-
charged from the compressor 100 and passing through the
interior heat exchanger 110 and the exterior heat exchanger
130 flows toward the first expansion means 140 and the
evaporator 160, and in the heat pump mode (first heating
mode), the first direction changing valve 191 changes the
flow direction of the refrigerant in such a manner that the
refrigerant discharged from the compressor 100 and passing
through the interior heat exchanger 110, the second expan-
sion means 120 and the exterior heat exchanger 130 flows
toward the first bypass line (R1).

In the meantime, it is preferable that the first direction
changing valve 191 is mounted at the branching point of the
inlet side of the first bypass line (R1) and uses a three-way
valve.

Besides the first direction changing valve 191,preferably,
the second direction changing valve 192 and the third
direction changing valve 193 use the three-way valves.

In addition, the second bypass line (R2) is mounted in
parallel on the refrigerant circulation line (R) in such a
manner that the refrigerant selectively passing the second
expansion means 120 bypasses the exterior heat exchanger
130. In other words, the second bypass line (R2) is mounted
to connect the refrigerant circulation lines (R) of the inlet
and outlet sides of the exterior heat exchanger 130 so that the
refrigerant circulating through the refrigerant circulation
line (R) bypasses the exterior heat exchanger 130.

Moreover, at the branching point of the second bypass line

(R2) and the refrigerant circulation line (R), mounted is the
second direction changing valve 192 for converting the flow
direction of the refrigerant in such a manner that the refrig-
erant flows toward the exterior heat exchanger 130 or the
second bypass line (R2) according to the outdoor tempera-
ture.

In this instance, when the outdoor temperature is above
zero, the refrigerant is controlled by the second direction
changing valve 192 to flow toward the exterior heat
exchanger 130, but when the outdoor temperature is below
zero, the refrigerant is controlled by the second direction
changing valve 192 to bypass the exterior heat exchanger
130 and flow toward the second bypass line (R2).

In other words, in a low-temperature heat source condi-
tion that the outdoor temperature is below zero, in order to
minimize an influence of the outdoor air of low temperature,
as shown in FIG. 5 illustrating the second heating mode, the
refrigerant passing the second expansion means 120
bypasses the exterior heat exchanger 130 and flows toward
the second bypass line (R2).

Moreover, an electric heater 115 for enhancing a heating
efficiency is further mounted at the downstream side of the
interior heat exchanger 110 inside the air-conditioning case
150.

That is, the electric heater 115 is operated as an auxiliary
heat source at the initial stage of start of the vehicle to
thereby enhance the heating performance, and the electric
heater 115may be operated even in the case that the system
is short of the heat source.

It is preferable that the electric heater 115 is a PTC heater.
Furthermore, heat supplying means 1SO for supplying

heat to the refrigerant flowing along the first bypass line (R1)
is mounted on the first bypass line (R1).

In order to supply waste heat of electronic units 200 of the
vehicle to the refrigerant flowing through the first bypass
line (R1), the heat supplying means 1SO includes a water
cooling type heat exchanger 1S1,and the water cooling type
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heat exchanger 1S1 includes: a refrigerant heat-exchanging
part 1S1a in which the refrigerant flowing through the first
bypass line (R1) flows; and a cooling water heat-exchanging
part 1S1b in which cooling water circulating through the
electronic units 200 of the vehicle flows and which is
disposed at one side of the refrigerant heat-exchanging part
1S1a in such a way as to heat-exchange.

Therefore, in the heat pump mode, the heat pump system
according to the present invention can enhance the heating
performance by recovering the heat source from the waste
heat of the electronic units 200 of the vehicle.

Meanwhile, the electronic units 200 of the vehicle repre-
sentatively are a motor, an inverter, and so on.

Moreover, in order to supply some of the refrigerant
flowing toward the heat supplying means 1SO along the first
bypass line (R1) to the evaporator 160, a ranching line (R4)
for connecting the first bypass line (R1) of the inlet side of
the heat supplying means 1SO and the refrigerant circulation
line (R) of the inlet side of the evaporator 160 with each
other is mounted, and the ON-OFF valve 195 for controlling
the flow of the refrigerant is mounted on the branching line

(R4).
In the dehumidification mode, the ON-OFF valve 195 is

opened, so that some of the refrigerant flowing toward the
first bypass line (R1) recovers the waste heat of the elec-
tronic units 200 of the vehicle while passing through the
water cooling type heat exchanger 1S1 by the first direction
changing valve 191and the remainder is dehumidified while
passing the evaporator 160 through the branching line (R4).

So, the air flowing inside the air-conditioning case 150 is
dehumidified while passing through the evaporator 160, and
in other words, some of the refrigerant is supplied to the
evaporator 160 through the branching line (R4) even in the
heat pump mode like the first and second heating modes to
thereby carry out dehumidification of the interior of the
vehicle.

In the meantime, in the second heating mode and in the
dehumidification mode of the second heating mode which is
operated under the condition that the outdoor temperature is
below zero, in order to enhance the heating performance by
recovering the heat source of the indoor air, it is preferable
to convert an air inflow mode of the air-conditioning case
150 into an indoor air inflow mode to thereby introduce the
indoor air into the air-conditioning case 150.

Furthermore, the accumulator 170 is mounted on the
refrigerant circulation line (R) of the inlet side of the
compressor 100.

The accumulator 170 divides the refrigerant to be sup-
plied to the compressor 100 into the liquid-phase refrigerant
and the gas-phase refrigerant and supplies only the gas-
phase refrigerant to the compressor 100.

Additionally, a controlling part 300 is disposed to control
the heat pump system according to the present invention. In
the heat pump mode, if a diflerence value (AT) between
outdoor temperature and refrigerant temperature of an outlet
side of the exterior heat exchanger 130 is above a frosting
decision temperature, the controlling part determines that
frosting begins on an exterior heat exchanger 130 and carries
out a defrosting control.

Moreover, the controlling part may determines that frost-
ing begins on the exterior heat exchanger 130 if the difler-
ence value (AT) is above the frosting decision temperature,
but may carry out one of the following four embodiments in
order to determine frosting more accurately.

In a first embodiment of determination of frosting, in the
heat pump mode, if the difl'erence value (AT) between
outdoor temperature and refrigerant temperature of the out-
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let side of the exterior heat exchanger 130 is above the
frosting decision temperature, the controlling part addition-
ally determines the waste heat of the electronic units 200
supplied through the heat supplying means 1SO, and then,
determines that frosting starts on the exterior heat exchanger
130 and carries out a defrosting control of the heat pump
system if the waste heat of the electronic units 200 is less
than a reference value.

In this instance, if the diflerence value (AT) between
outdoor temperature and refrigerant temperature of the out-
let side of the exterior heat exchanger 130 is above 10' C.
and if the waste heat of the electronic units 200, namely,
temperature of cooling water circulating through the elec-
tronic units 200 is less than the reference value, the con-
trolling part determines that frosting starts on the exterior
heat exchanger 130.

In other words, in the heat pump mode, if the surface
temperature of the exterior heat exchanger 130 serving as
the evaporator drops below the freezing point, frosting starts
on the surface of the exterior heat exchanger 130, and in this
instance, the controlling part recognizes that frosting is
formed on the exterior heat exchanger 130 in the state where
the difl'erence value (AT) between outdoor temperature and
refrigerant temperature of the outlet side of the exterior heat
exchanger 130 is above 10' C.

Moreover, frosting may be determined based on the waste
heat of the electronic units 200, that is, frosting may be
determined based on that temperature of cooling water
circulating through the electronic units 200 is less than the
reference value or that there is little waste heat of the
electronic units 200 in a vehicle idling condition. In other
words, when the waste heat of the electronic units 200 is
stopped or when there is little waste heat of the electronic
units 200 like in the vehicle idling condition, frosting can be
determined based on the above.

In this instance, the controlling part can check whether or
not the waste heat of the electronic units 200 is stopped
through temperature of the cooling water circulating through
the electronic units 200.

FIG. 7 is a graph showing refrigerant temperature of inlet
and outlet sides of an external heat exchanger, refrigerant
pressure and temperature of a discharge port of a compres-
sor, refrigerant temperature of an outlet side of an outdoor
temperature-exterior heat exchanger, and discharge air tem-
perature of the interior of the vehicle when the outdoor
temperature is O' C.

As shown in the drawing, in the case that the waste heat
of the electronic units and 20% of the indoor air are supplied
as the heat source of the system, because the heat source is
sufliciently supplied to the system, frosting is not formed on
the external heat exchanger 130.

In the case of the waste heat of the electronic units and 0%
of the indoor air, even though the indoor air is 0%, because
the waste heat of the electronic units is supplied, frosting is
not formed on the external heat exchanger 130. Of course,
in this case, refrigerant pressure and temperature of the
outlet side of the discharge port of the compressor 100 are
less in heating performance of the system than the case that
20% of the indoor air is supplied.

Continuously, when the waste heat of the electronic units
is stopped, refrigerant pressure and temperature of the outlet
side of the discharge port of the compressor 100 are reduced
further and the difl'erence value (AT) between outdoor
temperature and refrigerant temperature of the outlet side of
the exterior heat exchanger 130 increases gradually, so that
frosting begins on the surface of the exterior heat exchanger
130.
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In this instance, if additional heat source is not supplied
to the system after frosting is formed on the surface of the
external heat exchanger 130, in other words, if the defrosting
control is not carried out, frosting continuously expands and
the external heat exchanger 130 cannot absorb heat, and
hence, the refrigerant temperature and pressure of the system
lower and hence, temperature of the air discharged to the
interior of the vehicle, so that heating performance is dete-
riorated and the system becomes instable due to introduction
of liquid refrigerant into the compressor 100.

Continuously, referring to FIG. 7, when the difl'erence
value (AT) between outdoor temperature and refrigerant
temperature of the outlet side of the exterior heat exchanger
130 is above 10' C. after the waste heat of the electronic
units is stopped and frosting begins on the surface of the
external heat exchanger 130, the controlling part determines
that frosting is formed on the external heat exchanger 130
and controls the heat pump system to defrost.

In FIG. 7, after frosting begins on the surface of the
external heat exchanger 130, the controlling part recognizes
the frosting and supplies 30% of the indoor air in order to
defrost the heat pump system, so that refrigerant pressure
and temperature of the discharge port of the compressor 100
are increased and the heating performance is enhanced.
However, because the difl'erence value (AT) between out-
door temperature and refrigerant temperature of the outlet
side of the exterior heat exchanger 130 is still above 10' C.,
the controlling part applies the waste heat of the electronic
units to carry out the defrosting control.

When the waste heat of the electronic units to carry out
the defrosting control, the refrigerant pressure and tempera-
ture of the discharge port of the compressor 100 rise sharply,
and hence, temperature of the refrigerant introduced into the
external heat exchanger 130 also increases to thereby start
defrosting of the external heat exchanger 130. In this
instance, the difl'erence value (AT) between outdoor tem-
perature and refrigerant temperature of the outlet side of the
exterior heat exchanger 130 is gradually decreased to
thereby drop below 10' C.

As described above, when the controlling part recognizes
that frosting begins on the external heat exchanger 130, the
controlling part increases the refrigerant pressure and tem-
perature of the heat pump system through the defrosting
control, and hence, the heating performance and stability of
the heat pump system are enhanced.

In the meantime, in the defro sting control method through
the controlling part, besides the method of applying the
waste heat of the electronic units, the controlling part can
increase the refrigerant pressure and temperature of the
system by controlling to decrease the number of revolutions
(RPM) of the compressor 100 of the heat pump system so as
to reduce a refrigerant flow rate of the system, or can
increase the refrigerant temperature of the system by con-
trolling to supply the indoor air and increase an air volume
through the indoor air introduction mode of the air-condi-
tioning case 150.

Of course, besides the defrosting control method, various
methods to increase the refrigerant pressure and temperature
of the heat pump system may be used.

Furthermore, if there is insuflicient heat source to control
defrosting, the controlling part can increase capacity of the
electric heater 115.

In a second embodiment of frosting decision, in the heat

pump mode, if the difl'erence value (AT) between outdoor
temperature and refrigerant temperature of the outlet side of
the exterior heat exchanger 130 is above the frosting deci-
sion temperature, the controlling part additionally deter-
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mines the refrigerant pressure of the inlet side of the external
heat exchanger 130, and if the refrigerant pressure is less
than the reference value, the controlling part determines that
frosting is formed on the external heat exchanger 1330 and
controls the system to defrost (defrosting mode).

In this instance, if the difierence value (AT) between
outdoor temperature and refrigerant temperature of the out-
let side of the exterior heat exchanger 130 is above 10' C.
and the refrigerant pressure of the inlet side of the external
heat exchanger 130 is less than the reference value, the
controlling part determines that frosting is formed on the
external heat exchanger 130.

In other words, when the difi'erence value (AT) between
outdoor temperature and refrigerant temperature of the out-
let side of the exterior heat exchanger 130 is above 10' C.,
the controlling part recognizes that frosting begins on the
external heat exchanger 130.

Moreover, it may be determined that frosting begins when
the refrigerant pressure of the inlet side of the external heat
exchanger 130 is less than the reference value. FIG. 7 does
not illustrate the refrigerant pressure of the inlet side of the
external heat exchanger 130, but because refrigerant pres-
sure and refrigerant temperature are closely related to each
other, the refrigerant pressure may be estimated in reference
to the refrigerant temperature of the inlet side of the external
heat exchanger 130 illustrated in FIG. 7.

Of course, the controlling part may check not the refrig-
erant pressure but the refrigerant temperature of the inlet
side of the external heat exchanger 130 and determine
frosting when the refrigerant temperature is less than the
reference value.

Meanwhile, in the second embodiment of frosting deci-
sion, frosting decision conditions are difi'erent from the first
embodiment of frosting decision, but the defrosting control
after the frosting decision is carried out in the same way as
the first embodiment.

In a third embodiment of frosting decision, in the heat
pump mode, if the difi'erence value (AT) between outdoor
temperature and refrigerant temperature of the outlet side of
the exterior heat exchanger 130 is above the frosting deci-
sion temperature and if a decrease range of discharge air
temperature of the interior of the vehicle is above the
reference value when the controlling part additionally deter-
mines the decrease range, the controlling part determines
that frosting is formed on the external heat exchanger 130
and carry out the defrosting control (defrosting mode) of the
heat pump system.

In this instance, if the difierence value (AT) between
outdoor temperature and refrigerant temperature of the out-
let side of the exterior heat exchanger 130 is above 10' C.
and the decrease range of the discharge air temperature of
the interior of the vehicle is above 3' C. (but, when RPMs
of the blower of the air-conditioning case 150 and the
compressor 100 are uniform), the controlling part deter-
mines that frosting is formed on the external heat exchanger
130.

In other words, the controlling part recognizes that frost-
ing begins on the external heat exchanger 130 when the
difi'erence value (AT) between outdoor temperature and
refrigerant temperature of the outlet side of the exterior heat
exchanger 130 is above 10' C.

Furthermore, in the case that RPMs of the blower of the
air-conditioning case 150 and the compressor 100 are uni-

form, if the decrease range of the discharge air temperature
of the interior of the vehicle is above 3' C., based on the
above, frosting is determined. That is, when frosting begins
on the external heat exchanger 130, the discharge air tem-
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perature of the interior of the vehicle is decreased, and if the
decrease range is above 3' C., it may cause consumers'
dissatisfaction, and hence, it may be determined as frosting.

Generally, people may feel a change in temperature when
a temperature change range is above 3' C.

Additionally, in order to supply the air discharged from
the air-conditioning case 150 to the interior of the vehicle, a
temperature sensor (not shown) is mounted on a discharge
port formed inside the vehicle to sense temperature of the
discharge air to the interior of the vehicle.

In the meantime, in the third embodiment of frosting
decision, frosting decision conditions are difierent from the
first embodiment of frosting decision, but the defrosting
control after the frosting decision is carried out in the same
way as the first embodiment.

In a fourth embodiment of frosting decision, in the heat

pump mode, if the difi'erence value (AT) between outdoor
temperature and refrigerant temperature of the outlet side of
the exterior heat exchanger 130 is above the frosting deci-
sion temperature, the controlling part determines that frost-
ing is formed on the external heat exchanger 130 and carries
out the defrosting control of the heat pump system.

In this instance, the controlling part variably sets the
frosting decision temperature by outdoor temperature and
determines frosting of the external heat exchanger 130.

Based on that the frosting decision temperature is 10' C.
when the outdoor temperature is O' C., the controlling part
sets the system to increase the frosting decision temperature
more as the outdoor temperature becomes lower when the
outdoor temperature is below O' C. and to increase the
frosting decision temperature more as the outdoor tempera-
ture becomes higher when the outdoor temperature is above
O' C. and below 10' C.

In other words, as shown in FIG. S, based on that the
frosting decision temperature is 10' C. when the outdoor
temperature is O' C., because an amount of vapor decreases
when the outdoor temperature is below O' C., the controlling
part sets the system to increase the frosting decision tem-
perature as the outdoor temperature becomes lower. More-
over, the controlling part sets the system to increase the
frosting decision temperature to satisfy a frosting condition
(refrigerant temperature of the outlet of the exterior heat
exchanger (O' C.) as the outdoor temperature becomes
higher when the outdoor temperature is above ' C. and
below 10' C.

As an example, if the outdoor temperature is O' C. and the
difi'erence value (AT) (refrigerant temperature of the outlet
of the outdoor temperature-external heat exchanger) is 10'
C., the refrigerant temperature of the outlet of the external
heat exchanger 130 is —10' C. Because it satisfies the
frosting condition (refrigerant temperature of the outlet of
the exterior heat exchanger (O' C.), frosting is formed on the
external heat exchanger 130, and hence, the controlling part
can determine that frosting is formed on the external heat
exchanger 130 if the frosting decision temperature is set to
10' C. when the outdoor temperature is O' C.

Moreover, if the outdoor temperature is 10' C. and the
difi'erence value (AT) (refrigerant temperature of the outlet
of the outdoor temperature-external heat exchanger) is 10'
C., the refrigerant temperature of the outlet of the external
heat exchanger 130 is O' C. In this instance, because frosting
is formed when the refrigerant temperature of the outlet of
the external heat exchanger 130 is below O' C., if the
frosting decision temperature is still set to 10' C., which is
the frosting decision temperature when the outdoor tempera-
ture is O' C., even though the outdoor temperature is 10' C.,

accuracy in frosting decision is deteriorated.
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Therefore, the heat pump system must be set to increase

the frosting decision temperature as the outdoor temperature
becomes higher. Here, when the frosting decision tempera-
ture increases, the refrigerant temperature of the outlet of the
external heat exchanger 130 becomes below O' C.

As described above, based on that the frosting decision
temperature is 10' C. when the outdoor temperature is O' C.,
because the frosting decision temperature is variably set
according to an increase of the outdoor temperature, a highly
accurate frosting decision can be obtained.

In the meantime, in the fourth embodiment of frosting
decision, frosting decision conditions are different from the
first embodiment of frosting decision, but the defrosting
control after the frosting decision is carried out in the same
way as the first embodiment.

Hereinafter, referring to FIGS. 9 to 12, a method of
controlling the heat pump system for the vehicle according
to the present invention will be described.

FIG. 9 illustrates a controlling method of the first embodi-
ment of frosting decision, FIG. 10 illustrates a controlling
method of the second embodiment of frosting decision, FIG.
11 is a controlling method of the third embodiment of
frosting decision, and FIG. 12 illustrates a controlling
method of the fourth embodiment of frosting decision.

Referring to FIGS. 9 to 12, in the first to fourth embodi-
ments, detailed conditions for determining frosting of the
external heat exchanger 130 are different but most of them
are common, and hence, the controlling methods of the
embodiments are not described separately but described
together.

First, the heat pump system carries out a step (S1) of
determining whether or not the heat pump system is in the
heat pump mode.

Here, the heat pump mode includes a first heating mode,
and a dehumidification mode of the first heating mode as the
heating mode that the external heat exchanger 130 serves as
an evaporator.

As the determination result of the step (S1),when the heat

pump system is in the heat pump mode, the heat pump
system carries out a step (S2) of determining whether or not
the difference value (AT) between outdoor temperature and
refrigerant temperature of the outlet side of the exterior heat
exchanger 130 is above the frosting decision temperature.

That is, the step (S2) is to determine whether or not the
difference value (AT) between outdoor temperature and
refrigerant temperature of the outlet side of the exterior heat
exchanger 130 is above 10' C.

In other words, when the surface temperature of the
external heat exchanger 130 serving as the evaporator drops
below the freezing point in the heat pump mode, frosting
begins on the surface of the external heat exchanger 130, and
in this instance, it is determined that frosting is formed on
the external heat exchanger 130 when the difference value
(AT) between outdoor temperature and refrigerant tempera-
ture of the outlet side of the exterior heat exchanger 130 is
above 10' C.

In the step (S2), if the difference value (AT) between
outdoor temperature and refrigerant temperature of the out-
let side of the exterior heat exchanger 130 is not above 10'
C., the process is returned to the step (S1) of determining
whether or not the heat pump system is in the heat pump
mode.

Continuously, as the determination result of the step (S2)
of determining whether or not the difference value (AT)
between outdoor temperature and refrigerant temperature of
the outlet side of the exterior heat exchanger 130 is above
the frosting decision temperature, if the difference value
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(AT) is above the frosting decision temperature, namely,
above 10' C., the heat pump system may determine that
frosting is formed on the external heat exchanger 130 and
carry out a step (S4) of controlling the heat pump system to
defrost, but may carry out a step (S3) of determining
additional conditions according to the first to third embodi-
ments of frosting decision in order to carry out frosting
decision with a higher accuracy.

In more detail, in the first embodiment of frosting deci-
sion, as shown in FIG. 9, if the difference value (AT)
between outdoor temperature and refrigerant temperature of
the outlet side of the exterior heat exchanger 130 is above
10' C., the heat pump system further carries out the step (S3)
of additionally determining the waste heat of the electronic
units 200 of the vehicle if the difference value (AT) between
outdoor temperature and refrigerant temperature of the out-
let side of the exterior heat exchanger 130 is above 10' C.,
and as the determination result, if the waste heat of the
electronic units 200 is below the reference value, the heat

pump system determines that frosting is formed on the
external heat exchanger 130.

In other words, in the case that temperature of cooling
water circulating through the electronic units 200, which is
the waste heat of the electronic units 200, is below the
reference value or in the idling state of the vehicle, because
there is little waste heat of the electronic units 200, the
system may determine frosting based on the above. That is,
in the case that the waste heat of the electronic units 200 is
stopped or in the case that there is little waste heat of the
electronic units 200 like the idling state of the vehicle, the
system can determine frosting based on the above.

If the waste heat of the electronic units 200 of the vehicle
is not below the reference value, the heat pump system
returns to the step (S1) of determining whether or not the
system is in the heat pump mode.

Continuously, as the determination result of additionally
determining the waste heat of the electronic units 200 of the
vehicle, if the waste heat of the electronic units 200 of the
vehicle is below the reference value, the system determines
that frosting is formed on the external heat exchanger 130
and goes to the step (S4) of carrying out the defrosting
control of the heat pump system.

In the second embodiment of frosting decision, as shown
in FIG. 10, if the difference value (AT) between outdoor
temperature and refrigerant temperature of the outlet side of
the exterior heat exchanger 130 is above 10' C., the heat
pump system carries out the step (S3) of additionally deter-
mining the refrigerant pressure of the inlet side of the
external heat exchanger. As the determination result, if the
refrigerant pressure is below the reference value, the system
determines that frosting is formed on the external heat
exchanger 130.

In other words, in the case that the refrigerant pressure of
the inlet side of the external heat exchanger 130 is below the
reference value, the system may determine frosting based on
the above. FIG. 7 does not illustrate the refrigerant pressure
of the inlet side of the external heat exchanger 130, but
because refrigerant pressure and refrigerant temperature are
closely related to each other, the refrigerant pressure may be
estimated in reference to the refrigerant temperature of the
inlet side of the external heat exchanger 130 illustrated in
FIG. 7.

Of course, the heat pump system may check not the
refrigerant pressure but the refrigerant temperature of the
inlet side of the external heat exchanger 130, and if the
refrigerant temperature is below the reference value, the
system may determine frosting based on the above.
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If the refrigerant pressure of the inlet side of the external

heat exchanger 130 is not below the reference value, the heat

pump system returns to the step (S1)of determining whether
or not the system is in the heat pump mode.

Continuously, as the determination result of the step (S3)
of additionally determining the refrigerant pressure of the
inlet side of the external heat exchanger 130, if the refrig-
erant pressure of the inlet side of the external heat exchanger
130 is below the reference value, the heat pump system
determines that frosting is formed on the external heat
exchanger 130 and goes to the step (S4) of carrying out the
defrosting control of the system.

In the third embodiment of frosting decision, as shown in
FIG. 11, if the difierence value (AT) between outdoor
temperature and refrigerant temperature of the outlet side of
the exterior heat exchanger 130 is above 10' C., the heat

pump system carries out the step (S3) of additionally deter-
mining the decrease range of the discharge air temperature
of the interior of the vehicle. As the determination result, if
the decrease range is above the reference value (3' C.), the
system determines that frosting is formed on the external
heat exchanger 130.

That is, if the decrease range is above the reference value
of 3' C. in a state where RPMs of the blower of the
air-conditioning case 150 and the compressor 100 are uni-
form, the system may determine frosting based on the above.
In other words, when frosting begins on the external heat
exchanger 130, the discharge air temperature of the interior
of the vehicle is decreased. When the decrease range is
above 3' C., it may cause the consumers' dissatisfaction, and
hence, it may be determined as frosting.

If the decrease range of the discharge air temperature of
the interior of the vehicle is not above the reference value of
3' C., the heat pump system returns to the step (S1) of
determining whether or not the heat pump system is in the
heat pump mode.

Continuously, as the determination result of the step (S3)
of additionally determining the decrease range of the dis-
charge air temperature of the interior of the vehicle, if the
decrease range of the discharge air temperature of the
interior of the vehicle is above the reference value of 3' C.,
the system determines that frosting is formed on the external
heat exchanger 130 and carries out the step (S4) of control-
ling the heat pump system to defrost.

In the meantime, in the fourth embodiment of frosting
decision, as shown in FIG. 12, before the system carries out
the step (S2) of determining whether or not the difi'erence
value (AT) between outdoor temperature and refrigerant
temperature of the outlet side of the exterior heat exchanger
130 is above the frosting decision temperature, the system
variably sets the frosting decision temperature by outdoor
temperature.

In this instance, based on that the frosting decision
temperature is 10' C. when the outdoor temperature is O' C.,
the controlling part sets the system to increase the frosting
decision temperature more as the outdoor temperature
becomes lower when the outdoor temperature is below O' C.
and to increase the frosting decision temperature more as the
outdoor temperature becomes higher when the outdoor
temperature is above O' C. and below 10' C.

In other words, as shown in FIG. S, based on that the
frosting decision temperature is 10' C. when the outdoor
temperature is O' C., because an amount of vapor decreases
when the outdoor temperature is below O' C., the controlling
part sets the system to increase the frosting decision tem-
perature as the outdoor temperature becomes lower. More-
over, the controlling part sets the system to increase the
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frosting decision temperature to satisfy a frosting condition
(refrigerant temperature of the outlet of the exterior heat
exchanger (O' C.) as the outdoor temperature becomes
higher when the outdoor temperature is above ' C. and
below 10' C.

In the fourth embodiment of frosting decision, even
though the waste heat of the electronic units 200 of the
vehicle, the refrigerant pressure of the inlet side of the
external heat exchanger 130, or the decrease range of the
discharge air temperature of the interior of the vehicle is not
additionally determined, when the frosting decision tem-
perature by outdoor temperature is set variably, it can
enhance accuracy in frosting decision of the external heat
exchanger 130.

Of course, not shown in the drawings, but even in the case
of the fourth embodiment of frosting decision, like the first
to the third embodiments of frosting decision, the heat pump
system can additionally determine the waste heat of the
electronic units 200 of the vehicle, the refrigerant pressure
of the inlet side of the external heat exchanger 130, or the
decrease range of the discharge air temperature of the
interior of the vehicle and use the determination result in
decision of frosting of the external heat exchanger 130.

In the meantime, in the fourth embodiment of frosting
decision, as the determination result of determining the
difi'erence value (AT) between outdoor temperature and
refrigerant temperature of the outlet side of the exterior heat
exchanger 130, if the difi'erence value (AT) is above the
frosting decision temperature, the system determines that
frosting is formed on the external heat exchanger 130 and
goes to the step (S4) of controlling the heat pump system to
defrost.

Continuously, in the first to fourth embodiments of frost-
ing decision, in the step (S4) of controlling the heat pump
system to defrost, the system is controlled to increase
refrigerant pressure and temperature of the heat pump sys-
tem.

In order to control defrosting, the heat pump system can
be controlled through a proper combination of application of
waste heat of the electronic units, supply of indoor air, a
control of decrease of RPM of the compressor 100, and
besides the above, various methods may be used to increase
the refrigerant pressure and temperature of the heat pump
system.

Moreover, after the step (S4) of controlling the heat pump
system to defrost, the system determines whether or not
defrosting of the external heat exchanger 130 is finished, and
if it is finished, the system goes to the step (S5) of returning
to the step (S1)of determining whether or not the heat pump
system is in the heat pump mode.

In the step (S5), if defrosting of the external heat
exchanger 130 is not finished, the system returns to the step

(S4) of control the heat pump system to defrost.
Hereinafter, the action of the heat pump system for the

vehicle according to the present invention will be described.
A. Air-Conditioning Mode (Cooling Mode) (See FIG. 2)
In the air-conditioning mode (cooling mode), as shown in

FIG. 2, the first bypass line (R1) is closed by the first
direction changing valve 191,the second bypass line (R2) is
also closed by the second direction changing valve 192, and
the third direction changing valve 193 closes the expansion
line (R3).

Moreover, the cooling water circulating through the elec-
tronic units 200 is not supplied to the water cooling type heat
exchanger 1S1 of the heat supplying means 1SO.

Meanwhile, in order to achieve the maximum cooling, the
temperature adjustable door 151 inside the air-conditioning
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case 150 closes the passage passing through the interior heat
exchanger 110, so that the air blown into the air-conditioning
case 150 by the blower is cooled while passing through the
evaporator 160 and is supplied to the interior of the vehicle
by bypassing the interior heat exchanger 110 to thereby cool
the interior of the vehicle.

Continuously, a refrigerant circulation process will be
described.

The gas-phase refrigerant of high-temperature and high-
pressure discharged after being compressed in the compres-
sor 100 is supplied to the interior heat exchanger 110
mounted inside the air-conditioning case 150.

As shown in FIG. 2, the refrigerant supplied to the interior
heat exchanger 110 directly flows to the exterior heat
exchanger 130 without heat-exchanging with the air because
the temperature adjustable door 151 closes the passage of
the interior heat exchanger 110.

The refrigerant flowing to the exterior heat exchanger 130
is condensed while heat-exchanging with the outdoor air,
and thereby, the gas-phase refrigerant is converted into the
liquid-phase refrigerant.

In the meantime, all of the interior heat exchanger 110and
the exterior heat exchanger 130 serve as the condensers, but
the refrigerant is mainly condensed in the exterior heat
exchanger 130 which heat-exchanges with the outdoor air.

Continuously, the refrigerant passing through the exterior
heat exchanger 130 is decompressed and expanded while
passing through the first expansion means 140 to thereby
become a liquid-phase refrigerant of low-temperature and
low-pressure, and then, is introduced into the evaporator
160.

The refrigerant introduced into the evaporator 160 is
evaporated by heat-exchanging with the air blown into the
air-conditioning case 150 by the blower, and at the same
time, cools the air due to a heat absorption by an evaporative
latent heat of the refrigerant, and then, the cooled air is
supplied to the interior of the vehicle to cool the interior.

After that, the refrigerant discharged from the evaporator
160 is introduced into the compressor 100 and recirculates
the above cycle.

B. First Heating Mode of Heat Pump Mode (See FIG. 3)
The first heating mode of the heat pump mode is operated

under the condition that the outdoor temperature is above
zero, and uses the outdoor air and the waste heat of the
electronic units 200 of the vehicle as a heat source. As shown
in FIG. 3, the first bypass line (R1) is opened by the first
direction changing valve 191, and the refrigerant is not
supplied to the first expansion means 140 and the evaporator
160.

Moreover, the second bypass line (R2) is closed by the
second direction changing valve 192, and the expansion line
(R3) is opened by the third direction changing valve 193.

Meanwhile, the cooling water heated by the electronic
units 200 of the vehicle is supplied to the cooling water
heat-exchanging part 1S1b of the water cooling type heat
exchanger 1S1 of the heat supplying means 1SO.

Furthermore, in the first heating mode, the temperature
adjustable door 151 inside the air-conditioning case 150
closes the passage bypassing the interior heat exchanger
110, so that the air blown into the air-conditioning case 150
by the blower is changed into warm air while passing
through the interior heat exchanger 110 after passing
through the evaporator 160 which is stopped in operation,
and then is supplied to the interior of the vehicle to heat the
interior of the vehicle.

Continuously, a refrigerant circulation process will be
described.
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The gas-phase refrigerant of high-temperature and high-
pressure discharged after being compressed in the compres-
sor 100 is introduced into the interior heat exchanger 110
mounted inside the air-conditioning case 150.

The gas-phase refrigerant of high-temperature and high-
pressure introduced into the interior heat exchanger 110 is
condensed while heat-exchanging with the air blown into the
air-conditioning case 150 by the blower, and in this instance,
the air passing through the interior heat exchanger 110 is
converted into warm air and supplied to the interior of the
vehicle to thereby heat the interior of the vehicle.

Continuously the refrigerant discharged from the interior
heat exchanger 110moves to the expansion line (R3) by the
third direction changing valve 193, and the refrigerant
flowing to the expansion line (R3) is decompressed and
expanded while passing through the second expansion
means 120 to thereby become a liquid-phase refrigerant of
low-temperature and low-pressure, and then, is supplied to
the exterior heat exchanger 130 which serves as an evapo-
rator.

The refrigerant supplied to the exterior heat exchanger
130 is evaporated while heat-exchanging with the indoor air
and passes the first bypass line (R1) by the first direction
changing valve 191.In this instance, the refrigerant passing
the first bypass line (R1) heat-exchanges with the cooling
water passing through the cooling water heat-exchanging
part 1S1b while passing through the refrigerant heat-ex-
changing part 1S1a of the water cooling type heat exchanger
1S1 so as to recover the waste heat of the electronic units 200
of the vehicle, and then, is introduced into the compressor
100 to recirculate the above cycle.

During the first heating mode, if the diflerence value (AT)
between outdoor temperature and refrigerant temperature of
the outlet side of the exterior heat exchanger 130 is above
the frosting decision temperature, the controlling part deter-
mines that frosting is formed on the external heat exchanger
130 and carries out the defrosting mode to control the system
to defrost.

In the defrosting mode, one of various controlling meth-
ods to increase the refrigerant pressure and temperature of
the system, such as, application of the waste heat of the
electronic units, supply of indoor air to the air-conditioning
case 150, or decrease of RPM of the compressor 100, is
carried out.

C. Dehumidification Mode of First Heating Mode of Heat
Pump Mode (See FIG. 4)

The dehumidification mode of the first heating mode of
the heat pump mode is carried out in the case that dehu-
midification of the interior is needed during the first heating
mode of FIG. 3.

Therefore, only diflerent parts from the first heating mode
of FIG. 3 will be described.

In the dehumidification mode, during the first heating
mode, the branching line (R4) is additionally opened
through the ON-OFF valve 195.

Moreover, in the dehumidification mode, the temperature
adjustable door 151 inside the air-conditioning case 150
closes the passage bypassing the interior heat exchanger
110, so that the air blown into the air-conditioning case 150
by the blower is cooled while passing through the evaporator
160, and then, the cool air is converted into warm air while
passing through the interior heat exchanger 110and supplied
to the interior of the vehicle to thereby heat the interior of the
vehicle.

In this instance, because the amount of refrigerant sup-
plied to the evaporator 160 is small, an air cooling efficiency
is low and a change of the indoor temperature is minimized,
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so that dehumidification of the air passing through the
evaporator 160 is carried out smoothly.

Continuously, the refrigerant passing through the com-
pressor 100, the interior heat exchanger 110, the second
expansion means 120 and the exterior heat exchanger 130
passes the first bypass line (R1) by the first direction
changing valve 191.In this instance, some of the refrigerant
passing the first bypass line (R1) heat-exchanges with the
cooling water passing through the cooling water heat-ex-
changing part 1S1b and is evaporated while recovering the
waste heat of the electronic units 200 of the vehicle during
the process that the refrigerant passes through the refrigerant
heat-exchanging part 1S1a of the water cooling type heat
exchanger 1S1,and the other of the refrigerant is supplied to
the evaporator 160 through the branching line (R4) and is
evaporated while heat-exchanging with the air flowing
inside the air-conditioning case 150.

In the above process, dehumidification of the air passing
through the evaporator 160 is carried out, and the dehumidi-
fied air passing through the evaporator 160 is converted into
warm air while passing through the interior heat exchanger
110, and then, is supplied to the interior of the vehicle to
dehumidify the interior of the vehicle.

After that, the refrigerants respectively passing through
the water cooling type heat exchanger 1S1 and the evapo-
rator 160 are joined together, and then, the joined refrigerant
is introduced into the compressor 100, and then, recirculates
through the above cycle.

D. Second Heating Mode of Heat Pump Mode (See FIG.
5)

The second heating mode of the heat pump mode is
operated under the condition that the outdoor temperature is
below zero, and uses the indoor air (indoor air introducing
mode) and the waste heat of the electronic units 200 of the
vehicle as a heat source. As shown in FIG. 5, the first bypass
line (R1) is opened by the first direction changing valve 191,
and the second bypass line (R2) is opened by the second
direction changing valve 192.

Moreover, the branching line (R4) is closed by the ON-
OFF valve 195, the expansion line (R3) is opened by the
third direction changing valve 193, and the mode is con-
verted into the indoor air introducing mode to introduce the
indoor air into the air-conditioning case 150.

Meanwhile, the cooling water heated by the electronic
units 200 of the vehicle is supplied to the cooling water
heat-exchanging part 1S1b of the water cooling type heat
exchanger 1S1 of the heat supplying means 1SO.

Furthermore, in the second heating mode, the temperature
adjustable door 151 inside the air-conditioning case 150
closes the passage bypassing the interior heat exchanger
110, so that the air blown into the air-conditioning case 150
by the blower is changed into warm air while passing
through the interior heat exchanger 110 after passing
through the evaporator 160 which is stopped in operation,
and then is supplied to the interior of the vehicle to heat the
interior of the vehicle.

Continuously, a refrigerant circulation process will be
described.

The gas-phase refrigerant of high-temperature and high-
pressure discharged after being compressed in the compres-
sor 100 is introduced into the interior heat exchanger 110
mounted inside the air-conditioning case 150.

The gas-phase refrigerant of high-temperature and high-
pressure introduced into the interior heat exchanger 110 is
condensed while heat-exchanging with the air blown into the
air-conditioning case 150 by the blower, and in this instance,
the air passing through the interior heat exchanger 110 is
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converted into warm air and supplied to the interior of the
vehicle to thereby heat the interior of the vehicle.

Continuously the refrigerant discharged from the interior
heat exchanger 110moves to the expansion line (R3) by the
third direction changing valve 193, and the refrigerant
flowing to the expansion line (R3) is decompressed and
expanded while passing through the second expansion
means 120 to thereby become a liquid-phase refrigerant of
low-temperature and low-pressure. After that, the refrigerant
flows to the second bypass line (R2) and bypasses the
exterior heat exchanger 130.

After that, the refrigerant passing through the second
bypass line (R2) passes the first bypass line (R1) by the first
direction changing valve 191.In this instance, the refrigerant
passing the first bypass line (R1) heat-exchanges with the
cooling water passing through the cooling water heat-ex-
changing part 1S1b while passing through the refrigerant
heat-exchanging part 1S1a of the water cooling type heat
exchanger 1S1 so as to recover the waste heat of the
electronic units 200 of the vehicle, and then, is introduced
into the compressor 100 to recirculate the above cycle.

E. Dehumidification Mode of Second Heating Mode of
Heat Pump Mode (See FIG. 6)

The dehumidification mode of the second heating mode of
the heat pump mode is carried out in the case that dehu-
midification of the interior is needed during the second
heating mode of FIG. 5.

Therefore, only difl'erent parts from the second heating
mode of FIG. 5 will be described.

In the dehumidification mode, during the second heating
mode, the branching line (R4) is additionally opened
through the ON-OFF valve 195.

Moreover, in the dehumidification mode, the temperature
adjustable door 151 inside the air-conditioning case 150
closes the passage bypassing the interior heat exchanger
110, so that the air blown into the air-conditioning case 150
by the blower is cooled while passing through the evaporator
160, and then, the cool air is converted into warm air while
passing through the interior heat exchanger 110and supplied
to the interior of the vehicle to thereby heat the interior of the
vehicle.

In this instance, because the amount of refrigerant sup-
plied to the evaporator 160 is small, an air cooling efficiency
is low and a change of the indoor temperature is minimized,
so that dehumidification of the air passing through the
evaporator 160 is carried out smoothly.

Continuously, the refrigerant passing through the com-
pressor 100, the interior heat exchanger 110, the second
expansion means 120 and the second bypass line (R2) passes
the first bypass line (R1)by the first direction changing valve
191.In this instance, some of the refrigerant passing the first
bypass line (R1) heat-exchanges with the cooling water
passing through the cooling water heat-exchanging part
1S1b and is evaporated while recovering the waste heat of
the electronic units 200 of the vehicle during the process that
the refrigerant passes through the refrigerant heat-exchang-
ing part 1S1a of the water cooling type heat exchanger 1S1,
and the other of the refrigerant is supplied to the evaporator
160 through the branching line (R4) and is evaporated while
heat-exchanging with the air flowing inside the air-condi-
tioning case 150.

In the above process, dehumidification of the air passing
through the evaporator 160 is carried out, and the dehumidi-
fied air passing through the evaporator 160 is converted into
warm air while passing through the interior heat exchanger
110, and then, is supplied to the interior of the vehicle to
dehumidify the interior of the vehicle.
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After that, the refrigerants respectively passing through

the water cooling type heat exchanger 1S1 and the evapo-
rator 160 are joined together, and then, the joined refrigerant
is introduced into the compressor 100, and then, recirculates
through the above cycle.

What is claimed is:
1.A heat pump system for a vehicle comprising:
a compressor mounted on a refrigerant circulation line for

compressing and discharging refrigerant;
an interior heat exchanger mounted inside an air-condi-

tioning case for exchanging heat between the air inside
the air-conditioning case and the refrigerant discharged
from the compressor;

an evaporator mounted inside the air-conditioning case
for exchanging heat between the air inside the air-
conditioning case and the refrigerant supplied to the
compressor;

an exterior heat exchanger mounted outside the air-con-
ditioning case for exchanging heat between the refrig-
erant circulating through the refrigerant circulation line
and the outdoor air;

first expansion means mounted on the refrigerant circu-
lation line of an inlet side of the evaporator for expand-
ing refrigerant;

second expansion means mounted on the refrigerant cir-
culation line located between the interior heat
exchanger and the exterior heat exchanger for expand-
ing refrigerant;

a controlling part for controlling the heat pump system to
defrost whereby the controlling part determines that
frosting is formed on the external heat exchanger by
determining if a difl'erence value between outdoor
temperature and refrigerant temperature of an outlet
side of the exterior heat exchanger is above a frosting
decision temperature in a heat pump mode;

a first bypass line adapted to connect the refrigerant
circulation line of an inlet side of the first expansion
means and the refrigerant circulation line of an outlet
side of the evaporator so that the refrigerant circulating
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through the refrigerant circulation line selectively
bypasses the first expansion means and the evaporator;
and

heat supplying means mounted on the first bypass line to
supply waste heat of electronic units of the vehicle to
the refrigerant flowing along the first bypass line,

wherein the controlling part additionally determines the
waste heat of the electronic units supplied through the
heat supplying means if the difl'erence value is above
the frosting decision temperature, and determines that
frosting is formed on the external heat exchanger if the
waste heat of the electronic units is below a reference
value.

2. The heat pump system according to claim 1, wherein
the controlling part additionally determines a decrease range
of a discharge air temperature of the interior of the vehicle
if the difl'erence value is above the frosting decision tem-
perature, and determines that frosting is formed on the
external heat exchanger if the decrease range is above the
reference value.

3. The heat pump system according to claim 1, wherein
the frosting decision temperature is 10' C.

4. The heat pump system according to claim 1, wherein
the controlling part controls the system to increase refrig-
erant pressure and temperature of the system during a
defrosting control.

5. The heat pump system according to claim 2, wherein
the reference value is 3' C.

6. The heat pump system according to claim 1, wherein
the heat supplying means comprises a water cooling type
heat exchanger, the water cooling type heat exchanger
including: a refrigerant heat-exchanging part in which the
refrigerant flowing along the first bypass line flows; and a
cooling water heat-exchanging part which is disposed at one
side of the refrigerant heat-exchanging part in such a way as
to heat-exchange and in which cooling water circulating
through the electronic units of the vehicle flows.

7. The heat pump system according to claim 1, wherein
the waste heat of the electronic units is temperature of
cooling water circulating through the electronic units.
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