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(54) CONTROL METHOD OF COOLING SYSTEM HAVING COOLANT CONTROL VALVE UNIT

(67)  Acooling system has a coolant control valve unit
receiving a coolant exhausted from a cylinder head. A
control method of the cooling system is configured to
control opening rates of a first coolant passage through
which the coolant is distributed to a heater core, a second
coolant passage through which the coolant is distributed
to a radiator, and a third coolant passagethrough which
the coolantis exhausted from a cylinder block, and further
includes sensing a driving condition, and controlling an
operation of the coolant control valve depending on the
sensed driving condition.
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Description
BACKGROUND
(a) Technical Field

[0001] The present disclosure relates to a control
method of a cooling system incorporating a coolant con-
trol valve unit for improving a warm-up performance and
a cooling performance by also controlling a coolant flow-
ing through a cylinder block as well as a coolant flowing
through each part of an engine according to a driving
condition.

(b) Description of the Related Art

[0002] An engine discharges thermal energy while
generating torque based on combustion of fuel, and a
coolant absorbs thermal energy while circulating through
an engine, a heater, and a radiator, and releases the
thermal energy to the outside.

[0003] Whenatemperature ofthe coolantofthe engine
is low, viscosity of oil may increase to increase frictional
force and fuel consumption, and a temperature of an ex-
haust gas may increase gradually to lengthen a time for
a catalyst to be activated, which degrades quality of the
exhaust gas. In addition, as a time required for a function
of the heater to be normalized is increased, a driver may
feel discomfort.

[0004] When the coolant temperature is excessively
high, since knocking occurs, performance of the engine
may deteriorate by adjusting ignition timing in order to
suppress the knocking. In addition, when a temperature
of lubricant is excessively high, a viscosity is lowered
such that a lubrication performance may be deteriorated.
[0005] Therefore, a system for controlling several cool-
ing elements through one valve unit so as to keep the
coolant temperature high at a specific part of the engine
and keep the coolant temperature low at other parts of
the engine is applied.

[0006] In addition, a system for controlling coolant
passing through aradiator, a heater core, an EGR cooler,
an oil cooler, or a cylinder block through one coolant con-
trol valve unit has been considered. For example, this
type of system s disclosedin Japanese Laid Open Patent
No. 2015-59615.

[0007] As an example of the related art, the coolant
control valve unit includes a motor, a cam rotated by the
motor, a rod moved by a track formed at one surface of
the cam, and a valve formed on the rod, and has a struc-
ture for opening and closing a coolant passage through
the valve if the cam is rotated by the motor and the track
pushes the rod.

[0008] According to the above arrangement, a valve
control strategy is implemented depending on a shape
of the cam and the track, because since the configuration
thereof differs from a cooling circuit diagram according
to specifications of the engine, an optimized coolant flow
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may be not implemented.

[0009] Accordingly, a rotation control strategy of the
cam for configuring the coolant flow suitable to a prede-
termined engine is required. In particular, it would be de-
sirable to obtain a structure and a method for stopping
the flow of coolant of the cylinder block according to a
driving condition and controlling the coolant distributed
tothe heater core and the radiator according to the driving
condition.

[0010] The above information disclosed in this Back-
ground section is only for enhancement of understanding
of the background of the disclosure and therefore it may
contain information that does not form the prior art that
is already known in this country to a person of ordinary
skill in the art.

SUMMARY

[0011] The presentdisclosure provides a control meth-
od of a cooling system incorporating a coolant control
valve unit to distribute coolant exhausted from a cylinder
head to a side of a heater core, a radiator, or an oil cooler
when a flow of the coolant through a cylinder block is
stopped and to direct the coolant passing through the
cylinder block according to a predetermined condition.
[0012] A cooling system has a coolant control valve
unit receiving a coolant exhausted from a cylinder head.
A control method of the cooling system is configured to
control opening rates of a first coolant passage through
which the coolant is distributed to a heater core, a second
coolant passage through which the coolant is distributed
to a radiator, and a third coolant passage through which
the coolant is exhausted from the cylinder block, where
the control method further includes sensing a driving con-
dition by a controller; and controlling, by the controller,
an operation of the coolant control valve depending on
the sensed driving condition.

[0013] The controlling of the operation of the coolant
control valve may include a first mode blocking the first
and second coolant passages and blocking the third cool-
ant passage.

[0014] The controlling of the operation of the coolant
control valve may include a second mode variably con-
trolling an opening rate of the first coolant passage and
blocking the second and third coolant passages.

[0015] The controlling of the operation of the coolant
control valve may include a third mode maximizing the
opening rate of the first coolant passage, variably con-
trolling the opening rate of the second coolant passage,
and blocking the third coolant passage.

[0016] The controlling of the operation of the coolant
control valve may include a fourth mode maximizing the
opening rate of the first coolant passage, maximizing the
opening rate of the second coolant passage, and variably
controlling the opening rate of the third coolant passage.
[0017] The controlling of the operation of the coolant
control valve may include a fifth mode maximizing the
opening rate of the first coolant passage, maximizing the
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opening rate of the second coolant passage, and maxi-
mizing the opening rate of the third coolant passage.
[0018] The controlling of the operation of the coolant
control valve may include a sixth mode maximizing the
opening rate of the first coolant passage, variably con-
trolling the opening rate of the second coolant passage,
and maximizing the opening rate of the third coolant pas-
sage.

[0019] The controlling of the operation of the coolant
control valve may include a seventh mode maximizing
the opening rate of the first coolant passage, blocking
the second coolant passage, and maximizing the open-
ing rate of the third coolant passage.

[0020] According to an exemplary embodiment of the
present disclosure, as the first, second, and third coolant
passages corresponding to the heater core and the low
pressure EGR cooler, the radiator, and the cylinder block
are blocked in the first mode, the engine may be fully
warmed-up.

[0021] In the second mode, the second and third cool-
ant passages corresponding to the radiator and the cyl-
inder block are blocked the opening rate of the first cool-
ant passage corresponding to the heater core and the
low pressure EGR cooler are controlled, thereby quickly
executing the warm-up.

[0022] In the third mode, the third coolant passage cor-
responding to the cylinder block is blocked, the opening
rate of the second coolant passage corresponding to the
radiator is controlled, and the opening rate of the first
coolant passage corresponding to the heater core and
the low pressure EGR cooler is maximized, thereby ap-
propriately controlling the temperature of the coolant.
[0023] In the fourth mode, the opening rate of the third
coolant passage corresponding to the cylinder block is
controlled, the opening rate of the second coolant pas-
sage corresponding to the radiator is maximized, and the
opening rate of the first coolant passage corresponding
to the heater core and the low pressure EGR cooler is
maximized, thereby controlling the temperature of the
cylinder block and preventing an over-heating of the cool-
ant.

[0024] In the fifth mode, the opening rate of the third
coolant passage corresponding to the cylinder block is
maximized, the opening rate of the second coolant pas-
sage corresponding to the radiator is maximized, and the
opening rate of the first coolant passage corresponding
to the heater core and the low pressure EGR cooler is
maximized, thereby maximizing release of heat of the
coolant to an outside.

[0025] In the sixth mode, the opening rate of the third
coolant passage corresponding to the cylinder block is
maximized, the opening rate of the second coolant pas-
sage corresponding to the radiator is controlled, and the
opening rate of the first coolant passage corresponding
to the heater core and the low pressure EGR cooler is
maximized, thereby controlling the temperature of the
cylinder block and preventing the over-heating of the
coolant.
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[0026] In the seventh mode, the opening rate of the
third coolant passage corresponding to the cylinder block
is maximized, the second coolant passage correspond-
ing to the radiator is blocked, and the opening rate of the
first coolant passage corresponding to the heater core
and the low pressure EGR cooler is maximized, thereby
maximizing the performance of the heater in a condition
that the outdoor temperature is low.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027]

FIG. 1 is a schematic diagram of a flow of a coolant
in a cooling system incorporating a coolant control
valve unit according to an exemplary embodiment
of the present disclosure.

FIG. 2 is a partial cross-sectional view of a coolant
control valve unit according to an exemplary embod-
iment of the present disclosure.

FIG. 3 is a partial exploded perspective view of a
coolant control valve unit according to an exemplary
embodiment of the present disclosure.

FIG. 4 is a graph showing a control mode of a coolant
control valve unit according to an exemplary embod-
iment of the present disclosure.

FIG. 5 is a flowchart showing a control method of a
coolant control valve unit according to an exemplary
embodiment of the present disclosure.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0028] It is understood that the term "vehicle" or "ve-
hicular" or other similar term as used herein is inclusive
of motor vehicles in general such as passenger automo-
biles including sports utility vehicles (SUV), buses,
trucks, various commercial vehicles, watercraft including
a variety of boats and ships, aircraft, and the like, and
includes hybrid vehicles, electric vehicles, plug-in hybrid
electric vehicles, hydrogen-powered vehicles and other
alternative fuel vehicles (e.g. fuels derived from resourc-
es other than petroleum). As referred to herein, a hybrid
vehicle is a vehicle that has two or more sources of power,
for example both gasoline-powered and electric-pow-
ered vehicles.

[0029] The terminology used herein is for the purpose
of describing particular embodiments only and is not in-
tended to be limiting of the disclosure. As used herein,
the singular forms "a," "an" and "the" are intended to in-
clude the plural forms as well, unless the context clearly
indicates otherwise. It will be further understood that the
terms "comprises" and/or "comprising," when usedin this
specification, specify the presence of stated features, in-
tegers, steps, operations, elements, and/or components,
but do not preclude the presence or addition of one or
more other features, integers, steps, operations, ele-
ments, components, and/or groups thereof. As used
herein, the term "and/or" includes any and all combina-
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tions of one or more of the associated listed items.
Throughout the specification, unless explicitly described
to the contrary, the word "comprise" and variations such
as "comprises" or "comprising" will be understood to im-
ply the inclusion of stated elements but not the exclusion
of any other elements. In addition, the terms "unit", "-er",
"-or", and "module" described in the specification mean
units for processing at least one function and operation,
and can be implemented by hardware components or
software components and combinations thereof.

[0030] Further, the control logic of the present disclo-
sure may be embodied as non-transitory computer read-
able media on a computer readable medium containing
executable program instructions executed by a proces-
sor, controller or the like. Examples of computer readable
media include, but are not limited to, ROM, RAM, com-
pact disc (CD)-ROMs, magnetic tapes, floppy disks, flash
drives, smart cards and optical data storage devices. The
computer readable medium can also be distributed in
network coupled computer systems so that the computer
readable media is stored and executed in a distributed
fashion, e.g., by a telematics server or a Controller Area
Network (CAN).

[0031] Hereinafter, an exemplary embodiment of the
present disclosure will be described in detail with refer-
ence to the accompanying drawings.

[0032] However, the size and thickness of each com-
ponent illustrated in the drawings are arbitrarily shown
for ease of description and the present disclosure is not
limited thereto, and the thicknesses of portions and re-
gions may be exaggerated for clarity.

[0033] In addition, parts that are irrelevant to the de-
scription are omitted to clearly describe the exemplary
embodiments of the present disclosure, and like refer-
ence numerals designate like elements throughout the
specification.

[0034] In the following description, dividing names of
components into first, second, and the like is to divide
the names because the names of the components are
the same, and an order thereof is not particularly limited.
[0035] FIG. 1 is a schematic diagram of a flow of a
coolant in a cooling system incorporating a coolant con-
trol valve unit according to an exemplary embodiment of
the present disclosure.

[0036] Referring to FIG. 1, a cooling system includes
a cylinder block 100, a cylinder head 105, a low pressure
EGR cooler 110, a heater core 115, a coolant tempera-
ture sensor 120, a coolant control valve unit 125, a radi-
ator 130, an oil cooler 135, an oil control valve 140, an
oil supply line 142, a high pressure EGR valve 145, a
reservoir 150, and a coolant pump 155.

[0037] The coolant pump 155 pumps coolant to a cool-
ant inlet side of the cylinder block 100, and the pumped
coolant is distributed to the cylinder block 100 and the
cylinder head 105.

[0038] The coolant control valve unit 125 is mounted
atthe coolant outlet side of the cylinder head 105, always
receives the coolant from the cylinder head 105, and may
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control an opening rate of a coolant outlet side coolant
passage of the cylinder block 100.

[0039] The coolant temperature sensor 120 sensing
the temperature of the coolant exhausted from the cylin-
der head 105 or the cylinder block 100 is disposed on
the coolant control valve unit 125.

[0040] The coolant control valve unit 125 may respec-
tively control the coolant flow distributed to the heater
core 115 and the radiator 130. In particular, the coolant
may pass through the low pressure EGR cooler 110 be-
fore passing through the heater core 115, and the heater
core 115 and the low pressure EGR cooler 110 may be
disposed in series or in parallel.

[0041] The coolant control valve unit 125 distributes
the coolant to the side of the high pressure EGR valve
145 and the oil cooler 135.

[0042] Also, a part of engine oil circulated along the
cylinder block 100 and the cylinder head 105 is cooled
while circulating through the oil cooler 135, and the oil
control valve 140 is disposed on the oil supply line 142.
In particular, the oil control valve 140 may be actively
controlled or may be mechanically operated such as a
thermostat.

[0043] FIG. 2is apartial cross-sectional view of a cool-
ant control valve unit according to an exemplary embod-
iment of the present disclosure.

[0044] Referring to FIG. 2, the coolant control valve
unit 125 includes a cover 205, a cam 210, a track 320, a
housing 200, a rod 215, a valve 220, an elastic member
225, and a holder 230.

[0045] The holder 230 is fixed and disposed at a lower
part of the housing 200, and the holder 230 supports a
lower end of the elastic member 225.

[0046] The elastic member 225 supports a lower sur-
face of the valve 220 upward so that the valve 220 closes
a coolant passage 322.

[0047] The lower surface of the valve 220 is flat, the
valve 220 has a shape protruding in a center upper di-
rection, the rod 215is connected to the upper end thereof,
and the rod 215 extends upward by a predetermined
length.

[0048] The track 320 having a predetermined inclina-
tion and height is formed on the lower surface of the cam
210, and the track 320 pushes the upper end of the rod
215 downward according to a rotation position of the cam
210.

[0049] Accordingly, while the elastic member 225 is
compressed, the valve 220 may open and close the cool-
ant passage 322. In particular, an opening rate of the
coolant passage 322 may be controlled according to a
rotation position of the cam 210.

[0050] Inanexemplary embodiment of the present dis-
closure, two or more of the valve 220 and the rod 215
may be configured, and the coolant passage 322 may
be configured by two or more corresponding thereto.
[0051] FIG. 3is a partial exploded perspective view of
a coolant control valve unit according to an exemplary
embodiment of the present disclosure.
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[0052] Referring to FIG. 3, the controller 300 controls
the motor 305 by using a driving condition (a coolant tem-
perature, an outdoor temperature, etc.) and a position of
the cam 210 received from a cam position detecting sen-
sor 600, and the motor 305 varies the rotation position
of the cam 210 through a gear box 310.

[0053] The cam position detecting sensor 600 may be
a sensor directly sensing the rotation position of the cam
210, and the controller 300 may indirectly calculate the
rotation position of the cam 210 by sensing the rotation
position of the motor 305 through a resolver (not shown).
[0054] Three tracks 320 are formed at the lower sur-
face of the cam 210, and three rods 215a, 215b, and
215c¢ and three valves 220a, 220b, and 220c are corre-
spondingly configured thereto. In particular, first, second
and third coolant passages (referring to 322 of FIG. 2)
may be formed corresponding to the valves 220a, 220b,
and 220c, respectively.

[0055] Afirstcoolant passage is connected to the heat-
er core 115 and the low pressure EGR cooler 110, a
second coolant passage is connected to the radiator 130,
and a third coolant passage is connected to the cylinder
block 100.

[0056] Further, the coolant control valve unit 125 al-
ways receives the coolant from the cylinder head 105
and distributes the coolant to the oil cooler 135 and the
high pressure EGR valve 145.

[0057] The controller 300 may be implemented by one
or more processors operated by a predetermined pro-
gram, and the predetermined program may include a se-
ries of commands for performing a method according to
an exemplary embodiment of the present disclosure de-
scribed later.

[0058] The coolant control valve unit according to an
exemplary embodiment of the present disclosure may
correspond to the coolant control valve unitshownin FIG.
2 and 3, but other known coolant control valve units ca-
pable of opening and closing at least two coolant pas-
sages may be used.

[0059] FIG. 4 is a graph showing a control mode of a
coolant control valve unit according to an exemplary em-
bodiment of the present disclosure.

[0060] Referringto FIG.4, ahorizontal axis represents
a rotation position of the cam 210, and a vertical axis
represents a moving distance (e.g.,referredto as a "valve
lift") of the valve 220. In particular, an opening rate of the
coolant passage 322 may be controlled through a lift of
the valve 220.

[0061] Inthefirstmode, thefirst, second, and third cool-
ant passages corresponding to the heater core 115 and
the low pressure EGR cooler 110, the radiator 130 and
the cylinder block 100 are blocked. According to the first
mode, the valve lift is zero.

[0062] Inthe second mode, the second and third cool-
ant passages corresponding to the radiator 130 and the
cylinder block 100 are blocked, and the opening rate of
the first coolant passage corresponding to the heater
core 115 and the low pressure EGR cooler 110 is con-
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trolled.

[0063] Inthe third mode, the third coolant passage cor-
responding to the cylinder block 100 is blocked, the open-
ing rate of the second coolant passage corresponding to
the radiator 130 is controlled, and the opening rate of the
first coolant passage corresponding to the heater core
115 and the low pressure EGR cooler 110 is maximized.
[0064] In the fourth mode, the opening rate of the third
coolant passage corresponding to the cylinder block 100
is controlled, the opening rate of the second coolant pas-
sage corresponding to the radiator 130 is maximized,
and the opening rate of the first coolant passage corre-
sponding to the heater core 115 and the low pressure
EGR cooler 110 is maximized.

[0065] In the fifth mode, the opening rate of the third
coolant passage corresponding to the cylinder block 100
is maximized, the opening rate of the second coolant
passage corresponding to the radiator 130 is maximized,
and the opening rate of the first coolant passage corre-
sponding to the heater core 115 and the low pressure
EGR cooler 110 is maximized.

[0066] In the sixth mode, the opening rate of the third
coolant passage corresponding to the cylinder block 100
is maximized, the opening rate of the second coolant
passage corresponding to the radiator 130 is controlled,
and the opening rate of the first coolant passage corre-
sponding to the heater core 115 and the low pressure
EGR cooler 110 is maximized.

[0067] In the seventh mode, the opening rate of the
third coolant passage corresponding to the cylinder block
100 is maximized, the second coolant passage corre-
sponding to the radiator 130 is blocked, and the opening
rate of the first coolant passage corresponding to the
heater core 115 and the low pressure EGR cooler 110
is maximized.

[0068] In the first mode, as the flow of the coolant is
minimized, the temperature of the engine oil and the cool-
ant quickly increases in the low temperature state.
[0069] The second mode is a section that is operated
by using the heater core 115 or the low pressure EGR
cooler 110 and a warm-up is executed.

[0070] The third mode is a section controlling a target
water temperature by adjusting a cooling amount accord-
ing to a driving region of the engine as a radiator cooling
section.

[0071] The fourth mode controls the temperature of the
cylinder block 100 as a cylinder block cooling section.
[0072] The fifth mode is a section used in a driving
condition that an engine heating amount is high and it is
difficultto secure the cooling amount as a maximum cool-
ing section. In the fifth mode, a separation cooling is re-
leased such that a cooling performance of the block may
be secured.

[0073] The sixth mode may separately control a target
coolant temperature of the cylinder head and the block
as a cylinder block and radiator cooling section.

[0074] In the seventh mode, when the temperature of
the coolant is a predetermined value or more, and an
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outdoor temperature is less than a predetermined value,
the second coolant passage corresponding to the radia-
tor 130 may be closed, the first coolant passage corre-
sponding to the heater core 115 and the low pressure
EGR cooler 110 may be fully opened, and the third cool-
ant passage corresponding to the cylinder block 100 may
be fully opened. That is, the seventh mode is a section
all circulating the coolant of the cylinder head and the
block to a heater core as a section maximizing a heating
performance during the warm up in an area where the
outdoor temperature is low.

[0075] FIG. 5is a flowchart showing a control method
of a coolant control valve unit according to an exemplary
embodiment of the present disclosure.

[0076] Referring to FIG. 5, the controller 300 senses
the driving condition including the coolant temperature
and the outdoor temperature, etc. (S550).

[0077] The controller 300 calculates a target rotation
position of the cam 210 according to the driving condition
(8520), and the controller 300 calculates an actual rota-
tion position of the cam 210 or measures the actual ro-
tation position (S525).

[0078] The controller 300 calculates a difference value
between the target rotation position and the actual rota-
tion position (S530), and the controller 300 applies a pow-
er to the motor 305 depending on the difference value to
rotate the cam 210 (S535).

[0079] The controller 300 determines whether the dif-
ference value is less than the predetermined value
(S540), if the difference value is the predetermined value
or more, the controller 300 again executes S530, if the
difference value is less than the predetermined value,
the controller 300 again executes S500.

[0080] Inanexemplary embodimentofthe present dis-
closure, the target rotation position and the actual rotation
position of the cam 210 may substantially include the
content of FIG. 4. That is, if the target rotation position
of the cam 210 is 50 degrees, this corresponds to the
second mode, if the target rotation position of the cam
210 is 230 degrees, this corresponds to the fifth mode.

[0081] Whilethisdisclosure hasbeen described in con-
nection with what is presently considered to be practical
exemplary embodiments, it is to be understood that the
disclosure is not limited to the disclosed embodiments,
but, on the contrary, is intended to cover various modifi-
cations and equivalent arrangements included within the
spirit and scope of the appended claims.

Claims
1. A control method of a cooling system, comprising:

providing a coolant control valve unit of the cool-
ing system that receives a coolant exhausted
from a cylinder head and is configured to control
opening rates of a first coolant passage through
which the coolant is distributed to a heater core,
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a second coolant passage through which the
coolant is distributed to a radiator, and a third
coolant passage through which the coolant is
exhausted from a cylinder block;

sensing a driving condition by a controller; and
controlling, by the controller, an operation of the
coolant control valve depending on the sensed
driving condition.

2. The control method of claim 1, wherein:

the controlling of the operation of the coolant
control valve includes a first mode blocking the
first and second coolant passages and blocking
the third coolant passage.

3. The control method of claim 1, wherein:

the controlling of the operation of the coolant
control valve includes a second mode variably
controlling an opening rate of the first coolant
passage and blocking the second and third cool-
ant passages.

4. The control method of claim 1, wherein:

the controlling of the operation of the coolant
control valve includes a third mode maximizing
the opening rate of the first coolant passage,
variably controlling the opening rate of the sec-
ond coolant passage, and blocking the third
coolant passage.

5. The control method of claim 1, wherein:

the controlling of the operation of the coolant
control valve includes a fourth mode maximizing
the opening rate of the first coolant passage,
maximizing the opening rate of the second cool-
ant passage, and variably controlling the open-
ing rate of the third coolant passage.

6. The control method of claim 1, wherein:

the controlling of the operation of the coolant
control valve includes a fifth mode maximizing
the opening rate of the first coolant passage,
maximizing the opening rate of the second cool-
ant passage, and maximizing the opening rate
of the third coolant passage.

7. The control method of claim 1, wherein:

the controlling of the operation of the coolant
control valve includes a sixth mode maximizing
the opening rate of the first coolant passage,
variably controlling the opening rate of the sec-
ond coolant passage, and maximizing the open-
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ing rate of the third coolant passage.
8. The control method of claim 1, wherein:

the controlling of the operation of the coolant
control valve includes a seventh mode maximiz-
ing the opening rate of the first coolant passage,
blocking the second coolant passage, and max-
imizing the opening rate of the third coolant pas-
sage.
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