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(54) DIAGNOSTIC APPARATUS AND METHOD FOR COOLANT CONTROL VALVE

(57) A diagnostic apparatus for a coolant control
valve including a housing having a plurality of ports, a
valve member provided to be rotatable in the housing,
and a driving device rotating the valve member between
two end positions, the diagnostic apparatus including at
least one position sensor provided on an external surface
of the housing for sensing a position of the valve member,
a determination device for determining whether or not
the valve member is stuck using the position of the valve
member sensed by the position sensor and a controller
for controlling the driving device.
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Description

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims the benefit of priority to
Korean Patent Application No. 10-2016-0076533, filed
on June 20, 2016 with the Korean Intellectual Property
Office, the disclosure of which is incorporated herein in
its entirety by reference.

TECHNICAL FIELD

[0002] The present disclosure relates to a diagnostic
apparatus and method for a coolant control valve and,
more particularly, to a diagnostic apparatus and method
for a coolant control valve that may diagnose a failure of
the coolant control valve, such as a stuck valve, to warn
a vehicle operator of the failure.

BACKGROUND

[0003] A coolant control valve may be applied to an
engine system of a vehicle to control a flow amount and/or
direction of a coolant for the purposes of improving fuel
efficiency and output, while reducing emissions.
[0004] The coolant control valve may adjust the tem-
perature of a coolant by circulating the coolant through
a circulation flow path between a cooling jacket of the
engine and a radiator, and may block the flow of the cool-
ant toward the radiator during a cold start of the vehicle
to thereby warm-up the engine. In addition, the coolant
control valve may also be used for various warm-up ap-
plications by allowing the coolant to flow into an oil warm-
er, an exhaust-gas recirculation (EGR), a heater and the
like.
[0005] Meanwhile, the coolant control valve may be
provided with a fail-safety type thermostat. The thermo-
stat may force the coolant to flow toward the radiator
when the coolant control valve is stuck due to errors in
a sensor signal and a control circuit, abnormal control of
a driving motor and the like, thereby preventing overheat-
ing of the coolant.
[0006] The thermostat may contain a wax in the interior
thereof. When the temperature of the coolant is increased
to be higher than or equal to a predetermined value, the
coolant control valve may forcibly be driven to force the
coolant to flow toward the radiator.
[0007] However, the wax of the thermostat may be re-
peatedly liquefied and solidified according to changes in
the temperature of the coolant, which may lead to a fre-
quent failure of the thermostat itself. Thus, the entirety
of the coolant control valve may need to be replaced,
which may increase maintenance costs.
[0008] In a case in which the temperature of the coolant
is increased in a section of the cold engine start, the ther-
mostat needs to operate only when the flow path to the
radiator is opened. Thus, the cost-effectiveness of the
thermostat may be low.

SUMMARY

[0009] The present disclosure has been made to solve
the above-mentioned problems occurring in the prior art
while advantages achieved by the prior art are main-
tained intact.
[0010] An aspect of the present disclosure provides a
diagnostic apparatus and method for a coolant control
valve that may diagnose a failure of the coolant control
valve, such as a valve stuck, using control logic, to fore-
warn a vehicle operator of the failure and secure driving
stability.
[0011] According to an aspect of the present disclo-
sure, a diagnostic apparatus for a coolant control valve
including a housing having a plurality of ports, a valve
member provided to be rotatable in the housing, and a
driving device rotating the valve member between two
end positions, may include: at least one position sensor
provided on an external surface of the housing and sens-
ing a position of the valve member; a determination de-
vice determining whether or not the valve member is
stuck, using the position of the valve member sensed by
the position sensor; and a controller controlling the driv-
ing device.
[0012] The determination device may compare the po-
sition of the valve member sensed by the position sensor
with the end positions to determine whether or not the
valve member is stuck.
[0013] The diagnostic apparatus may further include a
current detector monitoring a current level of the driving
device in real time, and the determination device may
determine whether or not the valve member is stuck, us-
ing the current level monitored in real time by the current
detector.
[0014] The controller may be connected to a warning
device warning that the valve member is stuck.
[0015] The diagnostic apparatus may further include
an emergency switch device allowing a coolant to flow
toward a radiator when the valve member is stuck.
[0016] The housing of the coolant control valve may
have an inflow port connected to a cooling jacket of an
engine through an inflow passage, a first outflow port
connected to the radiator through a first outflow passage,
and a second outflow port connected to a heater through
a second outflow passage, and the emergency switch
device may include a bypass passage connecting the
inflow passage to the first outflow passage, and a switch-
ing valve provided in the bypass passage to allow the
coolant to flow toward the radiator.
[0017] The housing of the coolant control valve may
have an inflow port connected to a cooling jacket of an
engine through an inflow passage, a first outflow port
connected to the radiator through a first outflow passage,
and a second outflow port connected to a heater through
a second outflow passage, and the emergency switch
device may include a first bypass passage connecting
the inflow passage to the first outflow passage, a second
bypass passage connecting the inflow passage to the

1 2 



EP 3 260 679 A1

3

5

10

15

20

25

30

35

40

45

50

55

second outflow passage, and a switching valve that is
switched to allow the coolant to flow through any one of
the first bypass passage and the second bypass pas-
sage.
[0018] According to another aspect of the present dis-
closure, a diagnostic method for a coolant control valve
including a housing having an inflow port connected to a
cooling jacket of an engine and a first outflow port con-
nected to a radiator, a valve member provided to be ro-
tatable in the housing, and a driving device rotating the
valve member between two end positions, may include:
rotating the valve member to fully open the first outflow
port when the engine is off; moving the valve member to
at least one of the end positions when the engine is on,
to perform a determination operation that determines
whether or not the valve member is stuck; and moving
the valve member to a limp home position when it is de-
termined that the valve member is stuck, to operate a
limp home mode and generate a warning signal.
[0019] The diagnostic method may further include per-
forming a stuck release operation of the valve member
unless the valve member is moved to the limp home po-
sition.
[0020] The diagnostic method may further include: de-
termining whether or not the valve member is stuck again
when the valve member is released through the stuck
release operation; and generating a warning signal again
unless the valve member is released through the stuck
release operation.
[0021] The diagnostic method may further include nor-
mally controlling the coolant control valve after moving
the valve member to a position in which the first outflow
port is closed when it is determined that the valve member
is in a normal state.
[0022] The determination operation may include: a first
determination operation including rotating the valve
member toward a first end position, and determining
whether or not a position of the valve member sensed
by a position sensor is within an error range of the first
end position; and a second determination operation in-
cluding rotating the valve member toward a second end
position when it is determined in the first determination
operation that the valve member is stuck, and determin-
ing whether or not a position of the valve member sensed
by a position sensor is within an error range of the second
end position.
[0023] The first determination operation may further in-
clude determining whether or not the valve member is
stuck on the basis of a current level monitored in real
time in the middle of moving the valve member to the first
end position.
[0024] The second determination operation may fur-
ther include determining whether or not the valve mem-
ber is stuck on the basis of a current level monitored in
real time in the middle of moving the valve member to
the second end position.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] The above and other objects, features and ad-
vantages of the present disclosure will be more apparent
from the following detailed description taken in conjunc-
tion with the accompanying drawings:

FIG. 1 illustrates a schematic diagram of an engine
system including a coolant control valve, according
to exemplary embodiments of the present disclo-
sure;
FIG. 2 illustrates a configuration of a diagnostic ap-
paratus for a coolant control valve, according to ex-
emplary embodiments of the present disclosure;
FIG. 3 illustrates a cross-sectional view, taken along
line A-A of FIG. 2;
FIG. 4 illustrates a cross-sectional view, taken along
line B-B of FIG. 2;
FIG. 5 illustrates a structure in which an emergency
switch device is provided in a diagnostic apparatus
for a coolant control valve, according to exemplary
embodiments of the present disclosure, before the
emergency switch device performs a switching op-
eration;
FIG. 6 illustrates a structure in which an emergency
switch device is provided in a diagnostic apparatus
for a coolant control valve, according to exemplary
embodiments of the present disclosure, after the
emergency switch device performs a switching op-
eration;
FIG. 7 illustrates opening degrees of respective ports
according to rotation angles of a valve member of
the coolant control valve of FIG. 1; and
FIG. 8 illustrates a flowchart of a diagnostic method
for a coolant control valve, according to exemplary
embodiments of the present disclosure.

DETAILED DESCRIPTION

[0026] Hereinafter, exemplary embodiments of the
present disclosure will be described in detail with refer-
ence to the accompanying drawings. For reference, the
dimensions of elements, thicknesses of lines, and the
like, illustrated in the drawings referred to in the descrip-
tion of exemplary embodiments of the present disclosure
may be exaggerated for convenience of understanding.
In addition, terms used for describing the presently dis-
closed concepts have been defined in consideration of
the functions of elements, and may be altered in accord-
ance with the intention of a user or an operator, in view
of practice or the like. Therefore, the terms should be
defined on the basis of the entirety of this specification.
[0027] Referring to FIG. 1, an engine system may in-
clude an engine 1 having a cooling jacket 2, and a coolant
control valve 10 controlling the flow amount and direction
of a coolant that has passed through the cooling jacket
2 of the engine 1 to selectively circulate a radiator 3, a
heater 4, an oil warmer 5 and the like.
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[0028] The cooling jacket 2 may be disposed in a cyl-
inder block and/or a cylinder head of the engine 1. As
the coolant passes through the cooling jacket 2, a tem-
perature of the engine 1 may appropriately be controlled.
[0029] As illustrated in FIGS. 2 to 4, the coolant control
valve 10 may include a housing 15, a valve member 16
provided to be rotatable in the housing 15 and a driving
device 17 for rotating the valve member 16.
[0030] The housing 15 may have an inflow port 14 con-
nected to the cooling jacket 2 of the engine 1 through an
inflow passage 14a, a first outflow port 11 connected to
the radiator 3 through a first outflow passage 11a, a sec-
ond outflow port 12 connected to the heater 4 through a
second outflow passage 12a, and a third outflow port 13
connected to the oil warmer 5 through a third outflow
passage 13a.
[0031] A throttle valve body as well as the heater 4 may
be provided on the second outflow passage 12a, and an
exhaust gas recirculation (EGR) device, as well as the
oil warmer 5, may be provided on the third outflow pas-
sage 13a.
[0032] The valve member 16 may have a cylinder
structure of which the interior is hollow. The valve mem-
ber 16 may have a plurality of openings 16a, 16b and 16c.
[0033] Through the rotations of the valve member 16,
the plurality of openings 16a, 16b and 16c may selectively
contact the inflow port 14, the first outflow port 11, the
second outflow port 12, the third outflow port 13 of the
housing 15 such that the opening degrees of respective
ports 11, 12, 13 and 14 may be adjusted and the ports
11, 12, 13 and 14 may be selectively opened and closed.
Accordingly, the flow amount and direction of the coolant
with respect to the cooling jacket 2 of the engine 1, the
radiator 3, the heater 4 and the oil warmer 5 may be
controlled.
[0034] As illustrated in FIG. 3, first and second open-
ings 16a and 16b of the valve member 16 may selectively
contact the inflow port 14, the first outflow port 11 and
the third outflow port 13 of the housing 15 such that the
opening degree of the inflow port 14, the opening degree
of the first outflow port 11, and the opening degree of the
third outflow port 13 may be appropriately adjusted to
control the flow amount and direction of the coolant.
[0035] As illustrated in FIG. 4, a third opening 16c of
the valve member 16 may selectively contact the second
outflow port 12 of the housing 15 such that the opening
degree of the second outflow port 12 may be appropri-
ately adjusted to control the flow amount and direction
of the coolant.
[0036] FIG. 7 illustrates opening degrees of the inflow
port 14, the first outflow port 11, the second outflow port
12 and the third outflow port 13 of the coolant control
valve 10 which may be adjusted according to rotation
angles of the valve member 16. In FIG. 7, line A indicates
the opening degree of the first outflow port 11 according
to a change in the rotation angle of the valve member
16, line B indicates the opening degree of the second
outflow port 12 according to a change in the rotation angle

of the valve member 16, line C indicates the opening
degree of the third outflow port 13 according to a change
in the rotation angle of the valve member 16 and line D
indicates the opening degree of the inflow port 14 ac-
cording to a change in the rotation angle of the valve
member 16.
[0037] Referring to FIGS. 3 and 4, the valve member
16 may rotate between two end positions 31 and 32, and
a rotation range "a" of the valve member 16 may be lim-
ited by the two end positions 31 and 32. For example,
when the rotation range "a" of the valve member 16 is
set to 180° as illustrated in FIG. 7, the first end position
31 corresponding to a low end position may be 0° and
the second end position 32 corresponding to a high end
position may be 180°. In addition, all of the plurality of
ports 11, 12, 13, and 14 may be closed in the first end
position 31 and the second end position 32 as illustrated
in FIG. 7.
[0038] The driving device 17 may include a driving mo-
tor and an electric gear train for transmitting power of the
driving motor to a rotation shaft of the valve member 16.
[0039] According to exemplary embodiments of the
present disclosure, a diagnostic apparatus for the coolant
control valve includes one or more position sensors 41
and 42 for sensing a position of the valve member 16, a
determination device 46 for determining whether or not
the valve member 16 is stuck on the basis of the position
of the valve member 16 sensed by the position sensors
41 and 42, and a controller 47 for controlling the driving
device 17.
[0040] As illustrated in FIGS. 1 and 2, the position sen-
sors 41 and 42 may be disposed on an external surface
of the housing 15 of the coolant control valve 10 to sense
the position of the valve member 16.
[0041] According to exemplary embodiments, the po-
sition sensors 41 and 42 include a first position sensor
41 disposed in a position corresponding to the first end
position 31 and a second position sensor 42 disposed in
a position corresponding to the second end position 32.
[0042] The determination device 46 may determine
whether or not the valve member 16 is stuck by compar-
ing the position of the valve member 16 sensed by the
position sensors 41 and 42 with the first end position 31
and/or the second end position 32.
[0043] In detail, in the determination process of the de-
termination device 46 using the position sensors 41 and
42, when the position of the valve member 16 sensed by
the position sensors 41 and 42 is within an error range
of the first end position 31 and/or the second end position
32, the determination device 46 may determine that the
valve member 16 is not stuck. On the other hand, when
the position of the valve member 16 sensed by the posi-
tion sensors 41 and 42 is out of an error range of the first
end position 31 and/or the second end position 32, the
determination device 46 may determine that the valve
member 16 is stuck due to errors in sensor signals and
a control circuit, abnormal control of the driving motor,
and the like. Here, the error range of each of the end
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positions 31 and 32 may be set to a value in consideration
of a manufacturing tolerance, or another consideration.
[0044] The controller 47 may be electrically connected
to the driving device 17 to control the driving device 17.
The controller 47 may be electrically connected to an
electronic control unit (ECU) 48 of a vehicle, and the ECU
48 of the vehicle may be connected to a cluster 49 of the
vehicle. Meanwhile, the controller 47 may be separately
or integrally provided with the ECU 48 of the vehicle.
[0045] Meanwhile, immediately after a cold start of the
engine, the controller 47 may control the driving motor
of the driving device 17 to forcibly rotate the valve mem-
ber 16, thereby moving the valve member 16 to at least
one of the end positions 31 and 32.
[0046] In addition, according to exemplary embodi-
ments, the diagnostic apparatus may further include a
current detector 45 electrically connected to the driving
device 17 of the coolant control valve 10. The current
detector 45 may sense a current level applied to the driv-
ing motor of the driving device 17 in real time. The current
level sensed by the current detector 45 may be transmit-
ted to the controller 47, and thus, the controller 47 may
monitor the current level in real time.
[0047] Meanwhile, the coolant control valve 10 may
have a stopper structure (not shown) of various forms for
stopping the valve member 16 in each of the end posi-
tions 31 and 32. When the valve member 16 is stopped
in each of the end positions 31 and 32 by the stopper
structure, a load may be applied to the driving motor of
the driving device 17. Thus, when the current level
sensed in real time by the current detector 45 is monitored
by the controller 47, the monitored current level may be
increased.
[0048] In addition, the determination device 46 may
determine whether or not the valve member 16 is stuck
on the basis of the current level monitored in real time
by the current detector 45 and the controller 47.
[0049] In detail, in the determination process of the de-
termination device 46 using the current detector 45, when
the load is applied to the driving motor of the driving de-
vice 17 in the middle of rotating the valve member 16
toward any one of the end positions 31 and 32, that is,
before the valve member 16 reaches the end positions
31 and 32 (in other words, when the load is applied due
to other factors than the stopper structure), the determi-
nation device 46 may recognize that the current level
monitored in real time is increased. When the determi-
nation device 46 recognizes that the current level moni-
tored in real time by the current detector 45 and the con-
troller 47 is increased, the determination device 46 may
determine that the valve member 16 is stuck. In addition,
when the determination device 46 recognizes that the
current level monitored in real time by the current detector
45 and the controller 47 is not increased, the determina-
tion device 46 may determine that the valve member 16
is in a normal state.
[0050] When it is determined by the determination de-
vice 46 whether or not the valve member 16 is stuck, the

controller 47 may control the driving device 17.
[0051] According to exemplary embodiments of the
present disclosure, as illustrated in FIGS. 5 and 6, the
diagnostic apparatus further may include an emergency
switch device 50 for allowing the coolant to flow toward
the radiator 3 when the valve member 16 is stuck.
[0052] According to exemplary embodiments, the
emergency switch device 50 includes a first bypass pas-
sage 51 connecting the inflow passage 14a to the first
outflow passage 11a, a second bypass passage 52 for
connecting the inflow passage 14a to the second outflow
passage 12a, and a switching valve 53 for performing a
switching operation to allow the coolant to flow to any
one of the first bypass passage 51 and the second bypass
passage 52.
[0053] The switching valve 53 may have a T-shaped
flow path 53a in the interior thereof. Through the switch-
ing operation of the switching valve 53, the coolant may
flow to any one of the first bypass passage 51 and the
second bypass passage 52.
[0054] When the determination device 46 determines
that the valve member 16 is not stuck, the inflow passage
14a may communicate with the second bypass passage
52 by the switching valve 53 of the emergency switch
device 50 as illustrated in FIG. 5, and thus, the coolant
may flow toward the heater 4 through the second bypass
passage 52.
[0055] When the determination device 46 determines
that the valve member 16 is stuck, the inflow passage
14a may communicate with the first bypass passage 51
through the switching operation (rotation in an R-direction
of an arrow in FIG. 5) of the switching valve 53 of the
emergency switch device 50 as illustrated in FIG. 6. Thus,
the coolant may flow toward the radiator 3 through the
first bypass passage 51. Accordingly, overheating of the
coolant may be prevented.
[0056] The switching valve 53 of the emergency switch
device 50 may be an electronic valve controlled by the
controller 47 to perform the switching operation. Alterna-
tively, the switching valve 53 of the emergency switch
device 50 may be a manual valve operated manually by
an operator to perform the switching operation.
[0057] According to other exemplary embodiments,
the emergency switch device 50 may have a structure in
which the second bypass passage 52 is omitted.
[0058] FIG. 8 illustrates a flowchart of a diagnostic
method for a coolant control valve, according to exem-
plary embodiments of the present disclosure.
[0059] Referring to FIG. 8, in the diagnostic method for
a coolant control valve according to the exemplary em-
bodiments of the present disclosure, when the engine 1
is turned off, the valve member 16 may be rotated by the
controller 47 to fully open the first outflow port 11 of the
housing 15 in operation S1. For example, when the valve
member 16 is positioned at approximately 90°-120° in
FIG. 7, the first outflow port 11 may be fully opened. By
fully opening the first outflow port 11 of the housing 15
when the engine is off, the engine system may be nor-
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mally operated even if the valve member 16 is stuck when
the engine is on.
[0060] Next, the engine 1 may be turned on in operation
S2, and the valve member 16 may be rotated by the con-
troller 47 and the driving device 17 in at least one direction
to be moved to the first end position 31 in operation S3.
Here, the controller 47 may control the driving device 17
to move the valve member 16 to the first end position 31.
For example, the first end position 31 may be 0° in FIG. 7.
[0061] When the valve member 16 is stopped in a par-
ticular position in the middle of moving toward the first
end position 31, the determination device 46 may com-
pare a position of the valve member 16 sensed by the
first position sensor 41 with the first end position 31 to
determine whether or not the valve member 16 is stuck
in operation S4.
[0062] In detail, in the determination as to whether or
not the valve member 16 is stuck, which is made using
the first position sensor 41, when the position of the valve
member 16 sensed by the first position sensor 41 is within
an error range of the first end position 31, the determi-
nation device 46 may determine that the valve member
16 is in a normal state (as in, the valve member 16 is not
stuck). On the other hand, when the position of the valve
member 16 sensed by the first position sensor 41 is out-
side of the error range of the first end position 31, the
determination device 46 may determine that the valve
member 16 is stuck due to errors in sensor signals and
the control circuit, abnormal control of the driving motor
and the like. Here, the error range of the first end position
31 may be set to a value in consideration of manufactur-
ing tolerance and the like.
[0063] When it is determined that the valve member
16 is in the normal state in operation S4, the determina-
tion device 46 may determine whether or not the valve
member 16 is stuck on the basis of a current level mon-
itored by the current detector 45 and the controller 47 in
operation S5.
[0064] In detail, in the determination as to whether or
not the valve member 16 is stuck, which is made using
the current detector 45, when a load is applied to the
driving motor of the driving device 17 in the middle of
rotating the valve member 16 toward the first end position
31, that is, before the valve member 16 reaches the first
end position 31 (in other words, when the load is applied
due to other factors rather than the stopper structure),
the current level monitored in real time by the current
detector 45 and the controller 47 may be increased. Here,
when the determination device 46 recognizes that the
current level is increased, the determination device 46
may determine that the valve member 16 is stuck. In ad-
dition, when the determination device 46 recognizes that
the current level is not increased, the determination de-
vice 46 may determine that the valve member 16 is in a
normal state.
[0065] When the determination device 46 determines
that the valve member 16 is in the normal state (the valve
member 16 is not stuck) in operation S5, the valve mem-

ber 16 may be rotated by the controller 47 and the driving
device 17 in the reverse direction, and the valve member
16 may be moved to the second end position 32 in op-
eration S6. Here, the controller 47 may control the driving
device 17 to move the valve member 16 to the second
end position 32. For example, the second end position
32 may be 180° in FIG. 7.
[0066] When the valve member 16 is stopped in a par-
ticular position in the middle of moving toward the second
end position 32, the determination device 46 may com-
pare a position of the valve member 16 sensed by the
second position sensor 42 with the second end position
32 to determine whether or not the valve member 16 is
stuck in operation S7.
[0067] In detail, in the determination as to whether or
not the valve member 16 is stuck, which is made using
the second position sensor 42, when the position of the
valve member 16 sensed by the second position sensor
42 is within an error range of the second end position 32,
the determination device 46 may determine that the valve
member 16 is in a normal state (the valve member 16 is
not stuck). On the other hand, when the position of the
valve member 16 sensed by the second position sensor
42 is out of the error range of the second end position
32, the determination device 46 may determine that the
valve member 16 is stuck due to errors in sensor signals
and the control circuit, abnormal control of the driving
motor and the like. Here, the error range of the second
end position 32 may be set to a value in consideration of
manufacturing tolerances or other consideration.
[0068] When the determination device 46 determines
that the valve member 16 is in the normal state (the valve
member 16 is not stuck), the determination device 46
may determine whether or not a current level monitored
by the current detector 45 and the controller 47 is within
a normal range in operation S8.
[0069] In detail, in the determination as to whether or
not the valve member 16 is stuck, which is made using
the current detector 45, when a load is applied to the
driving motor of the driving device 17 in the middle of
rotating the valve member 16 toward the second end
position 32, that is, before the valve member 16 reaches
the second end position 32 (in other words, when the
load is applied due to other factors rather than the stopper
structure), the current level monitored in real time by the
current detector 45 and the controller 47 may be in-
creased. Here, when the determination device 46 recog-
nizes that the monitored current level is increased, the
determination device 46 may determine that the valve
member 16 is stuck. In addition, when the determination
device 46 recognizes that the monitored current level is
not increased, the determination device 46 may deter-
mine that the valve member 16 is in a normal state (the
valve member 16 is not stuck).
[0070] When the determination device 46 determines
that the valve member 16 is in the normal state in oper-
ation S8, the valve member 16 may be rotated in the
reverse direction to be moved to a position in which the
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first outflow port 11 is closed. Then, the coolant control
valve 10 may be normally controlled depending on a tem-
perature condition of the engine 1, conditions in the in-
terior of the vehicle and the like, in operation S9.
[0071] When it is determined that the valve member
16 is stuck in at least one of operations S4, S5, S7 and
S8, the controller 47 may control the driving device 17 to
move the valve member 16 to a limp home position, and
it may be determined whether or not the valve member
16 is moved to the limp home position in operation S10.
Here, the limp home position refers to a position in which
the first outflow port 11 is opened. Thus, the coolant may
be circulated to the radiator 3, whereby overheating of
the coolant may be prevented.
[0072] Then, when the valve member 16 is moved to
the limp home position, a warning signal may be gener-
ated, and a limp home mode may be driven in operation
S11.
[0073] Unless the valve member 16 is moved to the
limp home position in operation S10, a stuck release op-
eration may be performed to release the valve member
16 that has been stuck in operation S12. Here, the con-
troller 47 may control the driving device 17 to rotate the
valve member 16 in any one direction, thereby trying to
release the valve member 16 that has been stuck.
[0074] When the valve member 16 is released through
the stuck release operation in operation S12, operation
S4 may be performed again to determine whether or not
the valve member 16 is stuck.
[0075] Unless the valve member 16 is released
through the stuck release operation in operation S12, a
warning signal may be generated by turning on a warning
light in a display screen of the cluster 49 of the vehicle,
and a warning message for guiding a switching operation
of the emergency switch device 50 may be transmitted
to the display screen of the cluster 49 in operation S13.
[0076] Then, a change in temperature of the coolant
may be monitored in real time to determine whether or
not the temperature of the coolant is lowered in operation
S14. When the temperature of the coolant is lowered, a
limited operation may be continuously maintained in op-
eration S15. Unless the temperature of the coolant is
changed, the engine may be stopped, and then, the
switching valve 53 of the emergency switch device 50
may perform the switching operation to allow the coolant
to flow toward the radiator 3 in operation S16.
[0077] As set forth above, the diagnostic apparatus
and method may diagnose a failure of the coolant control
valve, such as a valve stuck, using control logic, to there-
by warn the vehicle operator of the failure and secure
driving stability.
[0078] In particular, the failure of the coolant control
valve may be diagnosed through the control logic imme-
diately after the vehicle engine is started, and thus, a
possibility of engine failure due to overheating and the
like while driving may be low. Accordingly, a thermostat
that is only used in a section of the cold start of the engine
may be omitted, and thus, the structure of the coolant

control valve may be simplified, and manufacturing costs
may be significantly reduced.
[0079] In addition, even in a state in which the coolant
control valve is stuck, the flow of the coolant may be
enabled by the emergency switch device, whereby over-
heating of the engine may be prevented.
[0080] Hereinabove, although the present disclosure
has been described with reference to exemplary embod-
iments and the accompanying drawings, the present dis-
closure is not limited thereto, but may be variously mod-
ified and altered by those skilled in the art to which the
present disclosure pertains without departing from the
spirit and scope of the present disclosure claimed in the
following claims.

SYMBOL OF EACH OF THE ELEMENTS IN THE FIG-
URES

[0081]

1: engine
2: cooling jacket
3: radiator
4: heater
5: oil warmer
10: coolant control valve
15: housing
16: valve member
17: driving unit
31: first end position
32: second end position
41, 42: position sensor
46: determination unit
47: control unit

Claims

1. A diagnostic apparatus for a coolant control valve
including a housing having a plurality of ports, a valve
member provided to be rotatable in the housing, and
a driving device rotating the valve member between
two end positions, the diagnostic apparatus compris-
ing:

at least one position sensor provided on an ex-
ternal surface of the housing for sensing a po-
sition of the valve member;
a determination device for determining whether
or not the valve member is stuck using the po-
sition of the valve member sensed by the posi-
tion sensor; and
a controller for controlling the driving device.

2. The diagnostic apparatus according to claim 1,
wherein the determination device compares the po-
sition of the valve member sensed by the position
sensor with the end positions to determine whether
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or not the valve member is stuck.

3. The diagnostic apparatus according to claim 1 or 2,
further comprising a current detector for monitoring
a current level of the driving device in real time,
wherein the determination device determines wheth-
er or not the valve member is stuck using the current
level monitored in real time by the current detector.

4. The diagnostic apparatus according to any one of
the preceding claims, wherein the controller is con-
nected to a warning device for warning that the valve
member is stuck.

5. The diagnostic apparatus according to any one of
the preceding claims, further comprising an emer-
gency switch device for allowing a coolant to flow
toward a radiator when the valve member is stuck.

6. The diagnostic apparatus according to claim 5,
wherein the housing of the coolant control valve has
an inflow port connected to a cooling jacket of an
engine through an inflow passage, a first outflow port
connected to the radiator through a first outflow pas-
sage and a second outflow port connected to a heat-
er through a second outflow passage, and
the emergency switch device includes a bypass pas-
sage connecting the inflow passage to the first out-
flow passage, and a switching valve provided in the
bypass passage to allow the coolant to flow toward
the radiator.

7. The diagnostic apparatus according to claim 5,
wherein the housing of the coolant control valve has
an inflow port connected to a cooling jacket of an
engine through an inflow passage, a first outflow port
connected to the radiator through a first outflow pas-
sage and a second outflow port connected to a heat-
er through a second outflow passage, and
the emergency switch device includes a first bypass
passage connecting the inflow passage to the first
outflow passage, a second bypass passage con-
necting the inflow passage to the second outflow
passage and a switching valve that is switched to
allow the coolant to flow through any one of the first
bypass passage and the second bypass passage.

8. A diagnostic method for a coolant control valve in-
cluding a housing having an inflow port connected
to a cooling jacket of an engine and a first outflow
port connected to a radiator, a valve member pro-
vided to be rotatable in the housing, and a driving
device for rotating the valve member between two
end positions, the diagnostic method comprising:

rotating the valve member to fully open the first
outflow port when the engine is off;
moving the valve member to at least one of the

end positions when the engine is on to perform
a determination operation that determines
whether or not the valve member is stuck; and
moving the valve member to a limp home posi-
tion when it is determined that the valve member
is stuck, to operate a limp home mode and gen-
erate a warning signal.

9. The diagnostic method according to claim 8, further
comprising performing a stuck release operation of
the valve member unless the valve member is moved
to the limp home position.

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

determining whether or not the valve member is
stuck again when the valve member is released
through the stuck release operation; and
generating a warning signal again unless the
valve member is released through the stuck re-
lease operation.

11. The diagnostic method according to any one of
claims 8 to 10, further comprising normally control-
ling the coolant control valve after moving the valve
member to a position in which the first outflow port
is closed when it is determined that the valve member
is in a normal state.

12. The diagnostic method according to any one of
claims 8 to 11, wherein the determination operation
comprises:

a first determination operation including rotating
the valve member toward a first end position and
determining whether or not a position of the
valve member sensed by a position sensor is
within an error range of the first end position; and
a second determination operation including ro-
tating the valve member toward a second end
position when it is determined in the first deter-
mination operation that the valve member is
stuck and determining whether or not a position
of the valve member sensed by a position sensor
is within an error range of the second end posi-
tion.

13. The diagnostic method according to claim 12, where-
in the first determination operation further includes
determining whether or not the valve member is
stuck on the basis of a current level monitored in real
time in the middle of moving the valve member to
the first end position.

14. The diagnostic method according to claim 12, where-
in the second determination operation further in-
cludes determining whether or not the valve member
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is stuck on the basis of a current level monitored in
real time in the middle of moving the valve member
to the second end position.
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